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Association of BDNF gene missense
polymorphism rs6265 (Val66Met)
with three quantitative traits,
namely, intelligence quotient, body
mass index, and blood pressure: A
genetic association analysis from
North India
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Mohammad Afzal1*

1Human Genetics and Toxicology Laboratory, Section of Genetics, Department of Zoology, Aligarh Muslim

University, Aligarh, India, 2Interdisciplinary Brain Research Centre, Aligarh Muslim University, Aligarh, India

Background: Brain-derived neurotrophic factor (BDNF), a neurotransmitter

modulator, plays a significant role in neuronal survival and growth and participates in

neuronal plasticity, thus being essential for learning, memory, and the development

of cognition. Additionally, it is crucial for appetite, weight, and metabolic control

and plays a pivotal role in the cardiovascular system. The Val66Met polymorphism

(rs6265) of the BDNF gene causes a decrease in BDNF secretion and plays a role

in impairments in cognition, energy homeostasis, and cardiovascular events. The

present study aimed to evaluate the association of polymorphism (rs6265) of the

BDNF gene with three quantitative traits simultaneously, namely, intelligence quotient

(IQ), body mass index (BMI), and blood pressure (BP).

Methods: Psychometric, morphometric, and physiometric data of the total

participants (N = 246) were collected. WASI-IIINDIA was used to measure cognitive

ability. Genotyping was carried out using allele-specific PCR for the rs6265

polymorphism (C196T), and genotypes were determined. Statistical analyses were

performed at p < 0.05 significance level using MS-Excel and SigmaPlot. The odds

ratio models with a 95% confidence interval were used to test the associations. The

used models are co-dominant, recessive, dominant, over–dominant, and additive.

Results: The allelic frequencies of alleles C and T were 72 and 28%, respectively.

Under the dominant genetic model, a significant susceptible association of minor

allele T was observed with a lower average verbal comprehensive index (OR = 2.216,

p = 0.003, CI (95%) =1.33–3.69), a lower average performance reasoning index

(OR = 2.634, p < 0.001, CI (95%) = 1.573–4.41), and a lower average full-scale

IQ-4 (OR = 3.159, p < 0.001, CI (95%) = 1.873–5.328). Carriers of Met-alleles

were found to have an increased body mass index (OR = 2.538, p < 0.001, CI

(95%) = 1.507–4.275), decreased systolic blood pressure (OR = 2.051, p = 0.012, CI

(95%)= 1.202–3.502), and decreased diastolic blood pressure (OR= 2.162, p= 0.006,

CI (95%)= 1.278–3.657). Under the recessive genetic model, several folds decrease in

IQ and BP and an increase in BMI with the presence of the T allele was also detected.
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Conclusion: This novel study may improve our understanding of genetic alterations

to the traits and hence be helpful for clinicians and researchers to investigate the

diagnostic and prognostic value of this neurotrophic factor.
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1. Introduction

The BDNF gene on chromosome 11p14.1 in humans encodes

brain-derived neurotrophic factor, a member of the neurotrophin

family that is extensively expressed in the mammalian brain (1),

and it is essential for the survival and differentiation of neuronal

populations during development (2, 3). Predominantly, it participates

in cognition and memory, including neuroprotection, neuronal and

glial growth regulation, and modulation of both short- and long-

term synaptic connections (4). It has a higher expression level

in the hippocampus, amygdala, cerebellum, and cerebral cortex,

with the highest levels shown in hippocampal neurons, whereas

in the liver, heart, lung, and blood, it shows lower levels of

expression (5, 6). BDNF plays a crucial role in cell differentiation,

migration, neuronal survival, dendritic arborization, synaptogenesis,

and synaptic plasticity throughout the developmental process (7);

consequently, it is involved in learning and memory processes by

inducing long-term potentiation in the hippocampus with structural

changes in synapses (8).

The BDNF gene has a frequent non-synonymous single-

nucleotide polymorphism (SNP), causing methionine (Met) to

replace valine (Val) at codon 66 (196 C>T, Val66Met; rs6265), which

leads to a decrease in BDNF secretion and causes defects in specific

forms of learning (9, 10). Even in heterozygous carriers, it inhibits

intracellular trafficking and release of BDNF into the synaptic cleft,

which has drawn significant attention to the Val66Met polymorphism

in psychiatric studies, and therefore numerous clinical disorders

have been studied in relation to the Val66Met polymorphism (11–

15). Hence, the Met allele might have pleiotropic consequences as

it reduces brain plasticity among those individuals who carry one

or two copies of the allele (10). Despite the Met allele being linked

to poorer cognitive ability, which signals diminished brain plasticity

(the downregulation of synaptic plasticity, particularly in excitatory

glutamatergic circuits), it is suggested as a protective factor against

mental diseases (16).

Numerous genetic association studies of cognitive performance

and a variety of neuropsychiatric illnesses have focused on the

Abbreviations: BDNF, brain derived neurotrophic factor; IQ, intelligence

quotient; BMI, body mass index; BP, blood pressure; BAVCI, below average

verbal comprehensive index; BAPRI, below average perceptual reasoning index;

BAFSIQ-4, below average full scale IQ-4; IBMI, increased body mass index;

DSBP, decreased systolic blood pressure; DDBP, decreased diastolic blood

pressure; SNP, single nucleotide polymorphism; LDL, low density lipoproteins;

TG, triglycerides; CHD, coronary heart disease; PR, pulse rate; PP, pulse

pressure; MAP, mean arterial pressure; WASI, Weschler abbreviated scale of

intelligence; GCA, general cognitive ability; AS-PCR, allele specific-polymerase

chain reaction; HWE, Hardy-Weinberg equilibrium; SD, standard deviation;

ANOVA, analysis of variance; OR, odds ratio; CI, confidence interval.

BDNF Val66Met polymorphism. To date, a number of studies have

shown evidence that this polymorphism impairs hippocampus and

cortical function, particularly, which is connected to learning and

memory functions; moreover, BDNF concentrations have also been

found to be decreased in the brains of mild cognitive impairment

patients (10). As a result, a positive correlation was observed

between brain BDNF concentration and cognitive performance (7).

The polymorphism modulates cognitive capacities in healthy and

psychiatric populations, with Met substitution being linked with

worse cognitive performance (17–20). In people with obesity and

type 2 diabetes, BDNF is downregulated, which has drawn interest

in the research on the central regulation of food intake due to

its widespread expression in brain regions implicated in appetite

regulation (21). It is also important in controllingmetabolic processes

including fat oxidation and glucose utilization (22–28). The loss of

one copy of the BDNF gene in humans is also found to be linked

with hyperphagia, severe obesity, reduced cognitive performance,

and additionally, poorer locomotor activity (29, 30).

Furthermore, recent studies demonstrated that BDNF and its

receptors (tyrosine receptor kinase B, TrkB) are also expressed in the

peripheral vasculature, where it stimulates angiogenesis, promotes

the survival of endothelial cells, and maintains vascular integrity,

therefore, accumulating evidence suggests a pivotal role of BDNF

in the cardiovascular system (31–34). Additionally, various studies

have reported that the declined BDNF level in plasma, serum,

and endothelium was associated with an increased risk of adverse

cardiovascular events, blood pressure, and mortality (23, 35–41).

On the contrary, high BDNF levels in a large community-based

cohort were also prospectively associated with a decreased risk of

cardiovascular disease and mortality (14). Furthermore, a study

from the South Korean population has suggested that the recessive

SNP(Val66Met) rs6265 significantly decreases systolic blood pressure

(SBP) (42). Another study has found a positive correlation between

blood levels of BDNF and diastolic blood pressure, adipose tissue

mass, total cholesterol, low-density lipoprotein (LDL) cholesterol,

triglyceride, and body mass index (43).

As discussed above, BDNF plays an important role in

cognitive function, the development of intellectual disability, energy

homeostasis, caloric intake, and cardiovascular risks; thus, we

hypothesized that this particular SNP rs6265 of the BDNF gene must

have a significant role in the progression of altered quantitative traits,

namely, intelligence quotient (IQ), bodymass index (BMI), and blood

pressure (BP).We have also proposed the association of BDNF rs6265

polymorphism with IQ, BMI, and BP in our previous report (44).

However, no population-based study has been conducted to evaluate

the association of the Val66Met polymorphism (rs6265) of the BDNF

gene with the aforementioned quantitative traits simultaneously so

far. Thus, keeping in view the role of the BDNF gene and its

association with these traits, we aimed to genotype the missense SNP
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rs6265 (196C>T) in our North Indian population to ascertain its link

with the selected quantitative traits (IQ, BMI, and BP).

2. Materials and methods

2.1. Ethical approval and written informed
consent

The protocols of this study were reviewed and approved by the

Institutional Ethical Committee, Jawaharlal Nehru Medical College

(JNMC), Aligarh Muslim University, India. We obtained written

informed consent with a signature from each subject included in our

study for research and publication.

2.2. Study subjects and data collection

This study was conducted in two cities in Uttar Pradesh (the

north central zone of India), i.e., Aligarh (the northwest district)

and Ambedkar Nagar (the northeast district). A total of 246 healthy

participants (aged 6–78 years) were recruited for this study. Subjects

who were diseased or not willing to participate in the study

were excluded. The psychometric [Verbal Comprehension Index

(VCI), Perceptual Reasoning Index (PRI), and Full-Scale Intelligence

Quotient-4 (FSIQ-4)], morphometric (height and weight), and

physiometric [systolic blood pressure (SBP), diastolic blood pressure

(DBP), and pulse rate (PR)] measurements were obtained from

each participant.

The VCI, PRI, and FSIQ-4, or general cognitive ability (GCA)

were measured using the Wechsler Abbreviated Scale of intelligence,

Second Edition, India (WASI-II INDIA) for age groups ranging from 6

to 90 years. It has been adapted from the original WASI developed

in the United States. The WASI-II comprises four subtests, i.e.,

block design, vocabulary, matrix reasoning, and similarities. The

vocabulary and similarities subtests compose the VCI, and the block

design and matrix reasoning subtests give the PRI. All four subtests

included the FSIQ-4 or GCA. Height and weight were taken from the

barefooted participants wearing light clothing andmeasured by using

standardized techniques to the nearest 0.1 kg and 0.5 cm, respectively.

The body mass index (BMI) was computed as the weight (in kg)

and height (in m2). Blood pressure (SBP and DBP) in mmHg and

PR (bpm) were measured three times by using an “Omron 8712

Automatic Blood Pressure Monitor” after a minimum 5–10min rest

period, and the average of three readings was used in the study.

Pulse pressure (PP in mmHg) and mean arterial pressure (MAP in

mmHg) were calculated using the formulas, PP = (SBP− DBP) and

MAP = DBP+ 1
3 (SBP− DBP), respectively.

2.3. Sample collection and DNA isolation

Blood samples (3ml) were obtained from the aforementioned

individuals by venepuncture from the median cubital vein using a

syringe and collected in EDTA-coated (ethylenediaminetetraacetic

acid disodium salt) vacutainers; thereafter, DNA isolation was

performed for all the samples using the CTAB extraction

method (45), and isolated DNA was stored at −20◦C till

further experimentation.

2.4. Primer designing and genotyping of
rs6265 polymorphism (C>T)

The freely available online software “OligoCalc” was used

for designing the primer for allele-specific polymerase chain

reaction (AS-PCR). The sequence of the reverse primer was

5′CAGTTCCACCAGGTGAGAAG3′, and for allele C and allele

T, the sequences were 5′CATCCAACAGCTCTTCTATCAC3′ and

5′CATCCAACAGCTCTTCTATCAT3′, respectively. The reverse

primer was used with both C and T primers and produced an

amplicon size of 241 bp.

Genotyping was carried out using the BIO-RAD T100 Thermal

Cycler. A reaction mixture of 10 µl was prepared in a 200 µl PCR

tube, containing 1 µl of genomic DNA, 5 µl of master mix, 0.35 µl of

each primer, and a final volume was made 10 µl by adding nuclease-

free water (NFW). The standardized PCR conditions for BDNF

196C/T included 1 initial cycle of denaturation at 95◦C for 5min,

followed by 34 cycles of denaturation at 95◦C for 40 s, annealing

at 66◦C for 40 s, extension at 72◦C for 30 s, and final extension at

72◦C for 5min. The amplified products were electrophoresed using

2% agarose gel (Supplementary Figure 1). Three different genotypes

were determined in the participants for the BDNF gene rs6265

polymorphism, i.e., CC (Val/Val), CT (Val/Met), and TT (Met/Met).

2.5. Statistical analysis

All the analyses were performed using SigmaPlot 11.0 and

Microsoft Excel, version 2019. Allelic and genotypic frequencies

were calculated by counting the number of alleles, and Hardy-

Weinberg equilibrium (HWE) was assessed using the chi-square test

for identifying the differences in genotype and allele frequencies

between groups. Chi-squared Hardy-Weinberg equilibrium was also

tested manually among the group to find out the deviation of

the population from the Hardy-Weinberg equilibrium. Quantitative

data were presented as mean ± standard deviation (SD), and

differences were tested using the Student’s t-test and one-way

ANOVA. Additionally, the Mann-Whitney Rank Sum test, all

pairwise Dunn’s test, Bonferroni t-test, and Kruskal-Wallis one-

way analysis of variance on ranks were applied wherever suitable.

Qualitative data were presented as frequency and percentage, and

the chi-square test difference was tested between the groups. To

find out the relationship between variables, like age and gender

with IQ, correlation and regression analyses were performed. The

coefficients of correlation (r) and regression (R2) were also calculated.

The association of polymorphism and traits were estimated by

odds ratios (ORs), using co-dominant, recessive, dominant, over-

dominant, and additive models of inheritance, at 95% confidence

intervals (CI) between the groups for those holding the mutant

alleles (46). Statistical significance was defined at the standard 5%

level (p < 0.05).

For the traits recorded, all the participants were categorized into

two groups. For the total population surveyed, the mean values for

VCI, PRI, and FSIQ-4 were 69.56, 81.38, and 75.19, respectively

(Table 1). We further grouped the individuals into the “below average

category (BA)” and “average category (A)” for having their IQ values

below, and equal to, or above the mean values, respectively. The

normal range of BMI was considered 18.5–22.9 kg/m2 (47, 48),
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so the individuals were categorized into “increased BMI (IBMI)”

and “normal BMI (NBMI)” with BMI > 22.9 and BMI ≤ 22.9,

respectively, for additional analysis. SBP (120 mmHg) and DBP

(80 mmHg) were considered normal, and the individuals were

categorized into “decreased (D)” and “normal (N)” according to

their blood pressure readings. Hence, to find out the association of

polymorphism rs6265 with the traits in question, we merged two

categories to obtain better results.

3. Results

3.1. Demographic characteristics of the
population surveyed

A total of 246 healthy individuals were included in this study

from North Indian regions (Aligarh and Ambedkar Nagar). Out of

the total population, approximately 56% were men and 44% were

women (Table 1). The mean age of the participants involved in the

study was 30.37± 12.72 (years), however the age differences between

men and women show a non-significant difference in mean values.

Maximum proportions of the population surveyed were from sub-

urban areas and socioeconomically belonged to the middle class;

however, few of themwere upper and lower classes also. The localities

of the surveyed area comprised different castes like Ashraf (upper

caste, e.g., Syed, Sheikh, Pathan, and Rajpoot) and Ajlaf (lower caste,

e.g., Quraishi and Ansari). The individuals included in the study were

moderately educated, althoughmenwere slightlymore educated than

women. Distribution of genotypes (CC, CT, and TT) among the

studied population showed non-significant differences with gender

(p = 0.1007). Student’s t-test followed by Mann-Whitney Rank Sum

test revealed that male participants were having significantly higher

cognitive values, i.e., VCI, PRI, and FSIQ-4 (p = 0.044, 0.001, and

0.001, respectively) than female participants (Table 1). Regression

and correlation analyses of IQ with age and gender showed low

values of coefficients, i.e., for FSIQ-4, R2 = 0.021, r = −0.14

with age, R2 = 0.0057, r = −0.075 with men, and R2 = 0.0484,

r = −0.22 with women (Supplementary Figures 2–4). In terms of

morphometric parameters, the height (cm) of the men was also

significantly higher (p < 0.001) when compared to women, but

weight showed non-significant differences between the two genders,

although BMI (kg/m2) values observed were greater in the case of

women as compared to men (p = 0.003). The physiometric traits

recorded during the survey also showed significant differences in

the cases of SBP, DBP, and MAP, with p = 0.013, 0.036, and 0.007,

respectively, but non-significant results were observed for PR and PP

(Table 1).

3.2. Genotypic and allelic frequency of
rs6265 polymorphism in BDNF gene

By genotyping the individuals using allele-specific PCR, it was

found that 51.63% individuals of the total population (surveyed)

had a CC genotype, 39.84% had a CT genotype, and only 8.53%

had a TT genotype (Supplementary Table 1). The genotypic and

allelic frequencies were calculated by gene counting and shown

in Supplementary Table 1. The allelic frequency for allele C, i.e.,

f (C) was found to be 0.72 (major allele) and f (T) was 0.28

(minor allele) for allele T. Chi-squared Hardy-Weinberg Equilibrium

analysis for the particular gene revealed non-significant differences

(p > 0.064), suggesting that the studied population did not deviate

from Hardy-Weinberg Equilibrium, meaning that the particular

population was in equilibrium for rs6265 polymorphism of BDNF

gene (Supplementary Table 2).

3.3. Psychometric traits and BDNF gene
polymorphism rs6265 (C>T)

By applying one-way ANOVA followed by all pairwise Dunn’s

test for cognitive values (VCI, PRI, and FSIQ-4) among groups with

different genotypes (CC, CT, and TT), statistically significant (p <

0.001) results were obtained among the groups (Figure 1). In the

case of VCI, the frequency of the rs6265 T allele among BAVCI

individuals (36.51%) was significantly higher than among AVCI

individuals (20 %) with a p-value of <0.001 (Table 2). The statistical

analysis odds ratio revealed a significant association between the

polymorphism rs6265 and BAVCI in recessive (OR = 10.477, p

< 0.001, CI (95%) = 2.384–46.038) and dominant (OR = 2.216,

p = 0.003, CI (95%) = 1.330–3.691) models of inheritance (Table 2).

The other models were sufficiently different from these models, did

not produce a good fit, and could be rejected (Table 2). Similarly,

individuals with BAPRI showed a significantly higher value of T

allele frequency (37.40%) as compared to APRI individuals (p <

0.001) (Table 3). In this case, the recessive model (OR = 10.292,

p < 0.001, CI (95%) = 2.342–45.225) and the dominant model

(OR = 2.634, p < 0.001, CI (95%) =1.573–4.410) both showed

a significant association of BARPI with rs6265 polymorphism of

BDNF gene (Table 3). A similar trend was observed, as the allelic

frequency of T was significantly higher (38.08%) in BAFSIQ-4

individuals compared with AFSIQ-4 ones (17.67%) with a p-value

of <0.001 (Table 4). Like VCI and PRI, FSIQ-4 also showed a

significant association of polymorphism rs6265 with BAFSIQ-4 in

both recessive and dominant models of inheritance (OR = 9.757, p

< 0.001, CI (95%) = 2.220–42.873 and OR = 3.159, p < 0.001, CI

(95%)= 1.873–5.328, respectively). Other suggested models could be

rejected because of producing no good results (Table 4).

3.4. Morphometric traits and BDNF gene
polymorphism rs6265 (C>T)

Kruskal-Wallis one-way analysis of variance on ranks application

on height (Cm) of different genotype categories revealed no

significant association among the groups (p = 0.172) (Figure 2A),

while significant difference (p = 0.015) was observed in the case

of weight (kg) among different genotype categories after applying

Dunn’s method (Figure 2B). One-way ANOVA followed by the

Bonferroni t-test on BMI values revealed a statistically significant

(p < 0.001) difference among different groups (Figure 2C). The

values of significance were found to be different among different

groups for BMI. The individuals with CC homozygous (Val/Val) and

TT homozygous (Met/Met) showed a highly significant difference

with a p-value of <0.001, but between CT heterozygous (Val/Met)

and TT homozygous (Met/Met), it was found to be significant

at only p = 0.002 (Figure 2C). Further analysis of two BMI
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TABLE 1 Characteristics of studied participants (N = 246) in terms of demographic, psychometric, morphometric, and physiometric data.

Attributes Total (N = 246) Male (n = 138) Female (n = 108) P-value

Age (Years) 30.37± 12.72 30.55± 12.46 30.13± 13.09 0.598

Genotype CC (n) 127 78 49

Genotype CT (n) 98 52 46

Genotype TT (n) 21 8 13 0.1007

VCI 69.56± 16.48 71.36± 16.26 67.27± 16.57 0.044∗

PRI 81.38± 18.90 84.52± 18.19 77.37± 19.12 0.001∗

FSIQ-4 75.19± 16.53 77.86± 16.02 71.77± 16.61 0.001∗

Height (cm) 160.96± 11.68 163.89± 11.54 157.22± 10.79 <0.001∗

Weight (kg) 59.57± 12.27 60.17± 12.68 58.80± 11.75 0.485

BMI (kg/m2) 22.86± 3.96 22.24± 3.92 23.65± 3.90 0.003∗

SBP (mmHg) 124.11± 12.61 125.66± 12.04 122.13± 13.09 0.013∗

DBP (mmHg) 82.08± 8.25 82.99± 7.59 80.93± 8.92 0.036∗

PR (bpm) 83.94± 11.99 83.78± 11.32 84.16± 12.86 0.696

PP (mmHg) 42.02± 9.78 42.67± 9.52 41.19± 10.07 0.309

MAP (mmHg) 96.09± 8.78 97.22± 8.16 94.66± 9.35 0.007∗

Data presented as mean± standard deviation, ∗statistically significant at p< 0.05, chi-square test and Student’s t-test followed byMann-Whitney Rank Sum test was applied betweenmale and female.

n, number; VCI, verbal comprehensive index; PRI, perceptual reasoning index; FSIQ-4, full scale intelligence quotient-4; BMI, body mass index; SBP (mmHg), systolic blood pressure (millimeters of

mercury); DBP, diastolic blood pressure; PR, pulse rate; bpm, beats per minute; PP, pulse pressure; MAP, mean arterial pressure.

FIGURE 1

Association of di�erent genotypes (CC, CT, and TT) and psychometric traits shown by the results of ANOVA. (A) Significant di�erence (p < 0.001) was

observed in the case of VCI (verbal comprehensive index) between CC and TT genotype and CC and CT genotype, (B) significant di�erence (p < 0.001)

was observed in the case of PRI (perceptual reasoning index) between CC and TT genotype and CT and TT genotype, and (C) FSIQ-4 (full scale

intelligence quotient-4) showing significant di�erences (p < 0.001) among all three genotypes (*p < 0.05).

categories (IBMI and NBMI) with respect to genotypes showed a

significant association of the rs6265 polymorphism with IBMI in

the recessive (OR=5.172, p=0.002, CI (95%) =1.829-14.627) and

dominant (OR = 2.538, p < 0.001, CI (95%) = 1.507–4.275) models

of inheritance (Table 5). The minor allele T showed higher frequency

(38.37%) in the case of the increased BMI category as compared

to Normal BMI (21.18%) with a p-value of <0.001 (Table 5). Other

models of inheritance did not produce good results and were

therefore rejected.

3.5. Physiometric traits and BDNF gene
polymorphism rs6265 (C>T)

Statistically significant differences were observed in SBP

(p = 0.001), DBP (p = 0.01), and MAP (p = 0.001) values

among different genotypes (CC, CT, and TT) after applying one-

way ANOVA followed by all pairwise Dunn’s test (Figures 3A,

B, E). Kruskal-Wallis one-way analysis of variance on ranks

revealed that PR (p = 0.087) and PP (p = 0.402) values had
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TABLE 2 BDNF gene polymorphism under co-dominant, recessive, dominant, over-dominant, and additive models in individuals with below average VCI

(BAVCI) and average VCI (AVCI).

Genotype/Allele BAVCI
(n = 126)

AVCI
(n = 120)

χ
2

P-value OR CI (95%)

No. % No. %

Co-dominant model

CC
R©

53 42.06 74 61.67

CT 54 42.86 44 36.66 3.447 0.063 0.584 0.343–0.993

TT 19 15.08 02 1.67 15.243 <0.001 0.0754 0.0164–0.338

Recessive model

TT 19 15.08 02 1.67

CC+CT 107 84.92 118 98.33 12.496 <0.001∗ 10.477 2.384–46.038

Dominant model

TT+CT 73 57.94 46 38.33

CC 53 42.06 74 61.67 8.689 0.003∗ 2.216 1.330–3.691

Over-dominant model

CT 54 42.86 44 36.66

CC+TT 72 57.14 76 63.34 0.741 0.389 1.295 0.776–2.162

Additive model

C 160 63.49 192 80

T 92 36.51 48 20 15.654 <0.001∗ 0.435 0.289–0.653

R© , Reference; ∗ , significant value; No, number; OR, odds ratio; CI, confidence interval.

TABLE 3 BDNF gene polymorphism under co-dominant, recessive, dominant, over-dominant, and additive models in individuals below average PRI (BAPRI)

and average PRI (APRI).

Genotype/Allele BAPRI
(n = 127)

APRI
(n = 119)

χ
2

P-value OR CI (95%)

No. % No. %

Co-dominant model

CC
R©

51 40.16 76 63.87

CT 57 44.88 41 34.45 6.482 0.011∗ 0.483 0.283–0.825

TT 19 14.96 02 1.68 16.341 <0.001∗ 0.0706 0.0158–0.316

Recessive model

TT 19 14.96 02 1.68

CC+CT 108 85.04 117 98.32 12.228 <0.001∗ 10.292 2.342–45.225

Dominant model

TT+CT 76 59.84 43 36.13

CC 51 40.16 76 63.87 12.894 <0.001∗ 2.634 1.573–4.410

Over-dominant model

CT 57 44.88 41 34.45

CC+TT 70 55.12 78 65.55 2.369 0.124 1.549 0.926–2.593

Additive model

C 159 62.60 193 81.09

T 95 37.40 45 18.91 19.744 <0.001∗ 0.390 0.258–0.589

R© , Reference; ∗ , significant value; OR, odds ratio; CI, confidence interval.
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TABLE 4 BDNF gene polymorphism under co-dominant, recessive, dominant, over-dominant, and additive models in individuals with below average FSIQ-4

(BAFSIQ-4) and average FSIQ-4 (AFSIQ-4).

Genotype/Allele BAFSIQ-4
(n = 130)

AFSIQ-4
(n = 116)

χ
2

P-value OR CI (95%)

No. % No. %

Co-dominant model

CC
R©

50 38.46 77 66.38

CT 61 46.92 37 31.89 10.683 0.001∗ 0.394 0.229–0.677

TT 19 14.62 02 1.73 16.915 <0.001∗ 0.0684 0.0153–0.306

Recessive model

TT 19 14.62 02 1.73

CC+CT 111 85.38 114 98.27 11.449 <0.001∗ 9.757 2.220–42.873

Dominant model

TT+CT 80 61.54 39 33.62

CC 50 38.46 77 66.38 18.030 <0.001∗ 3.159 1.873–5.328

Over-dominant model

CT 61 46.92 37 31.89

CC+TT 69 53.08 79 68.11 5.165 0.023∗ 1.888 1.21–3.177

Additive model

C 161 61.92 191 82.33

T 99 38.08 41 17.67 24.081 <0.001∗ 0.349 0.229–0.531

R© , Reference; ∗ , significant value; OR, odds ratio; CI, confidence interval.

FIGURE 2

Results of ANOVA among di�erent genotypes for morphometric traits. (A) No significant di�erence (p = 0.172) was observed in the case of height among

genotypes, but (B) showing significant di�erence (p = 0.015) for weight between CT and TT, and (C) BMI between CC and TT (p < 0.001) and CT and TT

(p = 0.002), respectively (*p < 0.05).

non-significant differences among the groups (CC, CT, and TT),

which is clear from Figures 3C, D. Further statistical analyses

were also conducted to test the association of decreased SBP

and DBP with the polymorphism rs6265 in individuals having

different genotypes. Among all the models tested for significance,

the recessive model of inheritance in SBP (OR = 4.338, p = 0.003,

CI (95%) = 1.678–11.215) and DBP (OR = 3.696, p = 0.009, CI

(95%) = 1.433–9.35) showed a significant association of T allele

with a decrease in their values (Tables 6, 7). Dominant models also

showed the same results in both SBP and DBP having OR = 2.051,

p = 0.012, CI (95%) = 1.202–3.502 and OR = 2.162, p=0.006,

CI (95%) = 1.278–3.657, respectively (Tables 6, 7). The frequency

of the minor allele (T) was higher in the cases of decreased SBP

(38.34%) and DBP (37.64%) as compared with normal values
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TABLE 5 BDNF gene polymorphism under co-dominant, recessive, dominant, over-dominant, and additive models in individuals with increased BMI (IBMI)

and normal BMI (NBMI).

Genotype/Allele IBMI
(n = 102)

NBMI
(n = 144)

χ
2

P-value OR CI (95%)

No. % No. %

Co-dominant model

CC
R©

39 38.23 88 61.11

CT 47 46.08 51 35.42 6.260 0.012∗ 0.481 0.278–0.831

TT 16 15.68 05 3.47 14.075 <0.001∗ 0.138 0.0474–0.405

Recessive model

TT 16 15.68 05 3.47

CC+CT 86 84.32 139 96.53 9.897 0.002∗ 5.172 1.829–14.627

Dominant model

TT+CT 63 61.77 56 38.89

CC 39 38.23 88 61.11 11.612 <0.001∗ 2.538 1.507–4.275

Over-dominant model

CT 47 46.08 51 35.42

CC+TT 55 53.92 93 64.58 2.404 0.121 1.588 0.928–2.616

Additive model

C 125 61.27 227 78.82

T 79 38.73 61 21.18 17.204 <0.001∗ 0.425 0.285–0.634

R© , Reference; ∗ , significant value; OR, odds ratio; CI, confidence interval.

of these parameters (p = 0.010 and p < 0.001, respectively)

(Tables 6, 7).

4. Discussion

To evaluate the association of Val66Met polymorphism (rs6265)

of the BDNF gene with IQ (VCI, PRI, and FSIQ-4), BMI, and BP

(SBP and DBP) concomitantly, we incorporated 246 individuals,

comprising 56% men and 44% women (Table 1), and collected their

data and blood samples after obtaining written informed consents.

After genotyping analysis of the Val66Met polymorphism (C>T),

we found that the allelic frequency of the minor allele (T) was

0.28 and the major allele (C) was 0.72 (Supplementary Table 1).

Approximately similar results were obtained from the study (49),

also for south Asian and global populations previously published in

databases (dbSNP, GnomAD_exome, 1000G, dbGaP).

There is mixed research suggesting gender-based differences in

cognitive ability among men and women; similarly, our results also

showed a significant difference in cognitive values between men and

women (Table 1). This difference might be due to the influence of the

environment and other genes or may be due to sex hormones (50–

52). Although regression and correlation analyses of IQ (VCI, PRI,

and FSIQ-4) with respect to age and gender revealed non-significant

results, suggesting that there was no age- or gender-specific difference

in the population surveyed (Supplementary Figures 2–4). So, age

and gender were not considered confounding variables in this case;

thus, this aspect was not followed up in further analysis. Men and

women in this study also showed significant differences in height

and BMI (Table 1); height in men tends to be higher as compared

to that in women, but BMI was found to be higher in women

than men (53). For physiometric traits, male participants showed

significantly higher blood pressure (SBP, DBP, and MAP) compared

to female participants (Table 1), as also suggested by findings of

studies from other populations worldwide (54–56). This difference

in blood pressure is due to the protective nature of some biological

and behavioral factors against hypertension in women. These factors

include sex hormones, chromosomal differences, and other biological

sex differences (57).

Various studies have reported the association of the missense

SNP rs6265 (Val66Met) of the BDNF gene with brain development,

cognition, learning, memory, numerous clinical disorders, food

intake, appetite regulation, cardiovascular risks, blood pressure,

and mortality (10, 15, 22, 37). Thus, BDNF, the most prevalent

growth factor in the central nervous system, serves as a potential

marker for psychiatric diseases and mental illnesses and is widely

implicated in schizophrenia, major depressive disorder (MDD),

and bipolar disorder (58–63). This SNP (rs6265) is responsible for

the downregulation of the BDNF gene, causing decreased BDNF

concentration and hence affecting many quantitative traits like

psychometric, morphometric, and physiometric traits. Our work

indicates that individuals with Met/Met homozygosity have below-

average verbal IQ (VCI) or higher verbal recall errors, but Val/Val

and Val/Met have average values for the same, supported by the fact

that there is a decrease in gray matter volume of the hippocampus

in BDNF Met allele carriers compared to BDNF Val/Val individuals

as reported earlier (10). Since, the frequency of allele T was higher

in individuals having BAVCI (36.51%) than for AVCI (20%) as

mentioned earlier, therefore, using recessive and dominant genetic

models, we analyzed that this polymorphism confers 10.477 and
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FIGURE 3

Box plots deciphering the results of ANOVA among di�erent genotypes (CC, CT, and TT) for physiometric traits. (A, B, E) Significant di�erences were

observed between genotypes CC and TT with SBP (p = 0.001), DBP (p = 0.001), and MAP (p = 0.001); (C, D) non-significant di�erences were observed for

PR (p = 0.087) and PP (p = 0.402), respectively (*p < 0.05).

2.216-fold increased risk for the development of lower VCI values,

respectively (Table 2). Similarly, after implementing the recessive and

dominant genetic model of inheritance for the association analysis

of PRI, it could be inferred that minor allele T is responsible for

10.292- and 2.634-fold increased risk of a lower PRI, respectively.

Hence, participants having a TT orMet/Met homozygous state have a

significantly lower PRI as compared with CT (Val/Met) heterozygous

and CC (Val/Val) homozygous individuals. The frequency of the

minor allele was higher in individuals having significantly lower PRI

values (37.40 %) than in normal PRI (18.91%) individuals (Table 3).

These results are consistent with a recent study, where scientists

found a significant positive correlation (r = 0.424 and p = 0.001)

between BDNF level and performance IQ (PRI) (64).

Likewise, FSIQ-4 or GCA or “g” also shows an association

of the minor allele T with 9.757- and 3.159-fold increased risk

of below-average IQ under both recessive and dominant models

of inheritance (Table 4). So far, a number of studies have advised

that the BDNF Val66Met polymorphism leads to impairments in

hippocampal and cortical function, which are specifically related

to learning and memory processes and lead to worse cognitive

performance in healthy individuals and psychiatric populations (17,

19, 20). Our investigation also goes with the trend that Met/Met

individuals have below-average IQ than the other two groups

(10). The allelic frequency of the minor allele (T) is found to be

significantly higher (38.08%) values among individuals having below

average IQ as compared to the other group (Table 4), supporting

the association of the T allele in lowering down the cognitive

ability of individuals. Similar studies also reported the association

of this polymorphism with poor episodic memory, abnormal

hippocampal activation, abnormal intracellular trafficking and

dysregulation of BDNF secretion, poorer neurocognitive function,

worse cognitive performance, especially in overall intelligence, verbal

comprehension, and perceptual reasoning (13, 65, 66).

Evidence suggests that BDNF may play a role in appetite,

weight, and metabolic control since carriers of the Val66Met

BDNF Met-alleles showed substantially greater C-reactive protein

and calorie intake in the form of fat and protein compared

to carriers of the Val-allele hence leading to an increase in

BMI (22). Our study produces analogous results, i.e., 5.172- and

2.538-fold increased BMI observed in Met/Met individuals as

compared to Met/Val and Val/Val individuals under the recessive

and dominant model of inheritance, respectively (Table 5). Higher
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TABLE 6 BDNF gene polymorphism under co-dominant, recessive, dominant, over-dominant, and additive models in individuals with decreased SBP (DSBP)

and normal SBP (NSBP).

Genotype/Allele DSBP
(n = 85)

NSBP
(n = 161)

χ
2

P-value OR CI (95%)

No. % No. %

Co-dominant model

CC
R©

34 40 93 57.76

CT 37 43.53 61 37.89 2.602 0.107 0.603 0.342–1.062

TT 14 16.47 07 4.35 11.331 <0.001∗ 0.183 0.0680–0.491

Recessive model

TT 14 16.47 07 4.35

CC+CT 71 83.53 154 95.65 8.976 0.003∗ 4.338 1.678–11.215

Dominant model

TT+CT 51 60 68 42.24

CC 34 40 93 57.76 6.336 0.012∗ 2.051 1.202–3.502

Over-dominant model

CT 37 43.53 61 37.89

CC+TT 48 56.47 100 62.11 0.522 0.470 1.264 0.741–2.156

Additive model

C 105 61.76 247 76.70

T 65 38.34 75 23.30 6.685 0.010∗ 1.864 1.184–2.935

R© , Reference; ∗ , significant value; OR, odds ratio; CI, confidence interval.

TABLE 7 BDNF gene polymorphism under co-dominant, recessive, dominant, over-dominant, and additive models in individuals with decreased DBP (DDBP)

and normal DBP (NDBP).

Genotype/Allele DDBP
(n = 93)

NDBP
(n = 153)

χ
2

P-value OR CI (95%)

No. % No. %

Co-dominant model

CC
R©

37 39.79 90 58.82

CT 42 45.16 56 36.60 3.990 0.046∗ 0.584 0.315–0.954

TT 14 15.05 07 4.58 9.640 0.002∗ 0.206 0.0768–0.550

Recessive model

TT 14 15.05 07 4.58

CC+CT 79 84.95 146 95.42 6.847 0.009∗ 3.696 1.433–9.35

Dominant model

TT+CT 56 60.21 63 41.18

CC 37 39.79 90 58.82 7.650 0.006∗ 2.162 1.278–3.657

Over-dominant model

CT 42 45.16 56 36.60

CC+TT 51 54.84 97 63.40 1.429 0.232 1.426 0.844–2.410

Additive model

C 116 63.36 236 77.13

T 70 37.64 70 22.87 11.663 <0.001∗ 0.492 0.330–0.732

R© , Reference; ∗ , significant value; OR, odds ratio; CI, confidence interval.
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allelic frequency (38.73 %) of the minor allele (T) in the case

of individuals with increased BMI than normal BMI individuals

showed statistical significance (p < 0.001). Numerous studies

have recommended the role of BDNF (rs6265) in the progression

of obesity or a significant increase in BMI. Lower levels of

circulating BDNF increase food intake, weight gain, and adiposity,

and hence can be considered a genetic determinant of obesity or

IBMI (67–71).

Despite its role in cognition, memory, clinical disorders, and

appetite regulation, BDNF is responsible for the alteration of some

physiometric traits and appeared to be involved in the progression

of altered events in the cardiovascular system, hence affecting the

BP among individuals (15, 37, 40, 41). Our present investigation

revealed a significant positive association of a decrease in blood

pressure (SBP and DBP) with Met/Met under recessive (OR = 4.338

and OR = 3.696, respectively) and dominant (OR = 2.051 and

OR = 2.162, respectively) models of inheritance (Tables 6, 7). Our

results are in concordance with previous studies, reporting a decline

in SBP with decreasing BDNF level due to the homozygous T allele

(TT genotype or Met/Met) (42), and a decrease in DBP due to

the Met/Met homozygous condition (43). The allelic frequency of

minor allele T was found to be significantly higher in individuals

having lower values of SBP (38.34%) and DBP (37.64%) than in

individuals with normal blood pressure (Tables 6, 7). Hence, an

association between low levels of BDNF in the serum and an

increase in cardiovascular risk, severe cardiac diseases, coronary heart

disease (CHD), and the growth factor is seen, which directs the

response of the cardiovascular system to acute and chronic injury

(32, 72–74).

5. Conclusion

This is a novel investigation linking the BDNF rs6265 (Val66Met,

C196T) polymorphism with a range of quantitative traits in

the North Indian population. We genotyped 246 individuals

from two North Indian districts and recorded their parameters

related to psychometric, morphometric, and physiometric traits

using standard measures. We observed a significant association

between carriers of the Met-alleles with a decrease in cognitive

ability (VCI, PRI, and FSIQ-4), an increase in BMI, and a

decrease in blood pressure (SBP and DBP), as compared to

Val-allele carriers. We also noted an increased frequency of

allele T in the individuals with altered values of the nominated

traits. Hence, we suggest that the BDNF polymorphism rs6265

can be used as an early biomarker for the identification of

intellectual disability, predisposition to obesity, and increased risk

for cardiovascular events. However, future research is desirable

to endorse our conclusions and determine whether carriers of

this BDNF polymorphism are genetically predisposed to increased

energy intake, weight gain, and metabolic complications. In the

era of personalized medicine, this evidence would be crucial to

advise early intervention tactics intended to improve cognitive

power, optimize obesity, and realize chronic cardiovascular disease

prevention and management.
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with multipotent impact on brain signaling and synaptic plasticity. Cell Mol Neurobiol.
(2018) 38:579–93. doi: 10.1007/s10571-017-0510-4

5. Miranda M, Morici JF, Zanoni MB, Bekinschtein P. Brain-derived neurotrophic
factor: a key molecule for memory in the healthy and the pathological Brain. Front Cell
Neurosci. (2019) 13:363. doi: 10.3389/fncel.2019.00363

6. Rosenfeld RD, Zeni L, Haniu M, Talvenheimo J, Radka SF, Bennett L, et al.
Purification and identification of brain-derived neurotrophic factor from human serum.
Protein Expr Purif. (1995) 6:465–71. doi: 10.1006/prep.1995.1062

7. Passaro A, Dalla Nora E, Morieri ML, Soavi C, Sanz JM, Zurlo A, et al. Brain-derived
neurotrophic factor plasma levels: relationship with dementia and diabetes in the elderly
population. J Gerontol Ser A. (2015) 70:294–302. doi: 10.1093/gerona/glu028

8. Allen SJ, Watson JJ, Dawbarn D. The neurotrophins and their role in Alzheimer’s
disease. Curr Neuropharmacol. (2011) 9:559–73. doi: 10.2174/157015911798376190

9. Chen ZY, Patel PD, Sant G, Meng CX, Teng KK, Hempstead BL, et al. Variant
brain-derived neurotrophic factor (BDNF) (Met66) alters the intracellular trafficking
and activity-dependent secretion of wild-type BDNF in neurosecretory cells and cortical
neurons. J Neurosci. (2004) 24:4401–11. doi: 10.1523/JNEUROSCI.0348-04.2004

10. Dincheva I, Glatt CE, Lee FS. Impact of the BDNF Val66Met polymorphism
on cognition: implications for behavioral genetics. Neuroscientist. (2012) 18:439–
51. doi: 10.1177/1073858411431646

11. Anastasia A, Deinhardt K, Chao MV, Will NE, Irmady K, Lee FS, et al. Val66Met
polymorphism of BDNF alters prodomain structure to induce neuronal growth cone
retraction. Nat Commun. (2013) 4:2490. doi: 10.1038/ncomms3490

12. Chen R, Dharmarajan K, Kulkarni VT, Punnanithinont N, Gupta A, Bikdeli B,
et al. Most important outcomes research papers on hypertension. Circulation. (2013)
6:e26–35. doi: 10.1161/CIRCOUTCOMES.113.000424

13. Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS, Bertolino
A, et al. The BDNF val66met polymorphism affects activity-dependent secretion
of BDNF and human memory and hippocampal function. Cell. (2003) 112:257–
69. doi: 10.1016/S0092-8674(03)00035-7

14. Kaess BM, Preis SR, Lieb W, Beiser AS, Yang Q, Chen TC, et al. Circulating brain-
derived neurotrophic factor concentrations and the risk of cardiovascular disease in the
community. J Am Heart Assoc. (2015) 4:e001544. doi: 10.1161/JAHA.114.001544

15. Martens L, Herrmann L, Colic L, Li M, Richter A, Behnisch G, et al. Met carriers of
the BDNFVal66Met polymorphism show reduced Glx/NAA in the pregenual ACC in two
independent cohorts. Scientific Reports. (2021) 11:6742. doi: 10.1038/s41598-021-86220-3

16. da Silveira Alves CF, Caumo W, Silvestri JM, Zortea M, dos Santos VS,
Cardoso DF, et al. Pain catastrophizing is associated with the Val66Met polymorphism
of the brain-derived neurotrophic factor in fibromyalgia. Adv Rheumatol. (2020)
60:39. doi: 10.1186/s42358-020-00141-9

17. Boscutti A, Pigoni A, Delvecchio G, Lazzaretti M, Mandolini GM, Girardi
P, et al. The influence of 5-HTTLPR, BDNF Rs6265 and COMT Rs4680
polymorphisms on impulsivity in bipolar disorder: the role of gender. Genes. (2022)
13:482. doi: 10.3390/genes13030482

18. Kambeitz JP, Bhattacharyya S, Kambeitz-Ilankovic LM, Valli I, Collier DA,
McGuire P. Effect of BDNF val66met polymorphism on declarative memory and
its neural substrate: a meta-analysis. Neurosci Biobehav Rev. (2012) 36:2165–
77. doi: 10.1016/j.neubiorev.2012.07.002

19. Mandolini GM, Lazzaretti M, Pigoni A, Delvecchio G, Soares JC, Brambilla P. The
impact of BDNF Val66Met polymorphism on cognition in Bipolar Disorder: a review:
Special Section on “Translational and Neuroscience Studies in Affective Disorders”
Section Editor, Maria Nobile MD, PhD. This Section of JAD focuses on the relevance
of translational and neuroscience studies in providing a better understanding of the
neural basis of affective disorders The main aim is to briefly summaries relevant research
findings in clinical neuroscience with particular regards to specific innovative topics in
mood and anxiety disorders. J Affect Disord. (2019) 243:552–8. doi: 10.1016/j.jad.2018.
07.054

20. Toh YL, Ng T, Tan M, Tan A, Chan A. Impact of brain-derived neurotrophic
factor genetic polymorphism on cognition: a systematic review. Brain Behav. (2018)
8:e01009. doi: 10.1002/brb3.1009

21. Di Rosa MC, Zimbone S, Saab MW, Tomasello MF. The pleiotropic potential of
BDNF beyond neurons: implication for a healthy mind in a healthy body. Life. (2021)
11:1256. doi: 10.3390/life11111256

22. Goldfield GS, Walsh J, Sigal RJ, Kenny GP, Hadjiyannakis S, De Lisio M,
et al. Associations of the BDNF Val66Met polymorphism with body composition,

cardiometabolic risk factors, and energy intake in youth with obesity: findings from the
HEARTY study. Front Neurosci. (2021) 15:715330. doi: 10.3389/fnins.2021.715330

23. Krabbe KS, Nielsen AR, Krogh-Madsen R, Plomgaard P, Rasmussen P, Erikstrup C,
et al. Brain-derived neurotrophic factor (BDNF) and type 2 diabetes. Diabetologia. (2007)
50:431–8. doi: 10.1007/s00125-006-0537-4

24. Lebrun B, Bariohay B, Moyse E, Jean A. Brain-derived neurotrophic factor
(BDNF) and food intake regulation: a minireview. Auton Neurosci. (2006). 126–127:30–
8. doi: 10.1016/j.autneu.2006.02.027

25. Matthews VB, Aström MB, Chan MHS, Bruce CR, Krabbe KS, Prelovsek O, et al.
Brain-derived neurotrophic factor is produced by skeletal muscle cells in response to
contraction and enhances fat oxidation via activation of AMP-activated protein kinase.
Diabetologia. (2009) 52:1409–18. doi: 10.1007/s00125-009-1364-1

26. Tsuchida A, Nakagawa T, Itakura Y, Ichihara J, OgawaW, KasugaM, et al. The effects
of brain-derived neurotrophic factor on insulin signal transduction in the liver of diabetic
mice. Diabetologia. (2001) 44:555–66. doi: 10.1007/s001250051661

27. Yamanaka M, Tsuchida A, Nakagawa T, Nonomura T, Ono-Kishino
M, Sugaru E, et al. Brain-derived neurotrophic factor enhances glucose
utilization in peripheral tissues of diabetic mice. Diabetes Obes Metabol. (2007)
9:59–64. doi: 10.1111/j.1463-1326.2006.00572.x

28. Zhao J, Bradfield JP, Li M, Wang K, Zhang H, Kim CE, et al. The role of obesity-
associated loci identified in genome-wide association studies in the determination of
pediatric BMI. Obesity. (2009) 17:2254–7. doi: 10.1038/oby.2009.159

29. Gray J, Yeo GSH, Cox JJ, Morton J, Adlam A-LR, Keogh JM, et al. Hyperphagia,
severe obesity, impaired cognitive function, and hyperactivity associated with functional
loss of one copy of the brain-derived neurotrophic factor (BDNF) gene. Diabetes. (2006)
55:3366–71. doi: 10.2337/db06-0550

30. Kernie SG, Liebl DJ, Parada LF. BDNF regulates eating behavior and locomotor
activity in mice. EMBO J. (2000) 19:1290–300. doi: 10.1093/emboj/19.6.1290

31. DonovanMJ, Lin MI, Wiegn P, Ringstedt T, Kraemer R, Hahn R, et al. Brain derived
neurotrophic factor is an endothelial cell survival factor required for intramyocardial
vessel stabilization. Development. (2000) 127:4531–40. doi: 10.1242/dev.127.21.4531

32. Kermani P, Hempstead B. Brain-derived neurotrophic factor: a
newly described mediator of angiogenesis. Trends Cardiovasc Med. (2007)
17:140–3. doi: 10.1016/j.tcm.2007.03.002

33. Usui T, Naruo A, Okada M, Hayabe Y, Yamawaki H. Brain-derived
neurotrophic factor promotes angiogenic tube formation through generation
of oxidative stress in human vascular endothelial cells. Acta Physiol. (2014)
211:385–94. doi: 10.1111/apha.12249

34. Kermani P, Hempstead B. BDNF Actions in the cardiovascular system:
roles in development, adulthood and response to injury. Front Physiol. (2019)
10:455. doi: 10.3389/fphys.2019.00455

35. Chaldakov GN, Fiore M, Stankulov IS, Manni L, Hristova MG, Antonelli A, et al.
Neurotrophin presence in human coronary atherosclerosis and metabolic syndrome: a
role for NGF and BDNF in cardiovascular disease? Prog Brain Res. (2004) 146:279–
89. doi: 10.1016/S0079-6123(03)46018-4

36. JiangH, Liu Y, Zhang Y, Chen ZY. Association of plasma brain-derived neurotrophic
factor and cardiovascular risk factors and prognosis in angina pectoris. Biochem Biophys
Res Commun. (2011) 415:99–103. doi: 10.1016/j.bbrc.2011.10.020

37. Jin H, Chen Y, Wang B, Zhu Y, Chen L, Han X, et al. Association
between brain-derived neurotrophic factor and von Willebrand factor levels in
patients with stable coronary artery disease. BMC Cardiovasc Disord. (2018)
18:23. doi: 10.1186/s12872-018-0762-z

38. Lee IT, LeeWJ, Tsai IC, Liang KW, Lin SY,Wan CJ, et al. Brain-derived neurotrophic
factor not associated with metabolic syndrome but inversely correlated with vascular
cell adhesion molecule-1 in men without diabetes. Clin Chim Acta. (2012) 413:944–
8. doi: 10.1016/j.cca.2012.02.013

39. Manni L, Nikolova V, Vyagova D, Chaldakov GN, Aloe L. Reduced plasma levels
of NGF and BDNF in patients with acute coronary syndromes. Int J Cardiol. (2005)
102:169–71. doi: 10.1016/j.ijcard.2004.10.041

40. Monnier A, Garnier P, Quirie A, Pernet N, Demougeot C, Marie C,
et al. Effect of short-term exercise training on brain-derived neurotrophic
factor signaling in spontaneously hypertensive rats. J Hypertens. (2017)
35:279–90. doi: 10.1097/HJH.0000000000001164

41. Smith AJ, Malan L, Uys AS, Malan NT, Harvey BH, Ziemssen T. Attenuated brain-
derived neurotrophic factor and hypertrophic remodelling: the SABPA study. J Hum
Hypertens. (2015) 29:33–9. doi: 10.1038/jhh.2014.39

42. Hong KW, Jin HS, Lim JE, Cho YS, Go MJ, Jung J, et al. Non-synonymous single-
nucleotide polymorphisms associated with blood pressure and hypertension. J Hum
Hypertens. (2010) 24:763–74. doi: 10.1038/jhh.2010.9

43. Bathina S, Das UN. Brain-derived neurotrophic factor and its clinical implications.
Arch Med Sci. (2015) 11:1164–78. doi: 10.5114/aoms.2015.56342

44. Chauhan W, Fatma R, Wahab A, Afzal M. Cataloging the potential SNPs (single
nucleotide polymorphisms) associated with quantitative traits, viz. BMI (body mass

Frontiers inNeurology 12 frontiersin.org

https://doi.org/10.3389/fneur.2022.1035885
https://doi.org/10.1002/j.1460-2075.1990.tb07423.x
https://doi.org/10.1080/08977190410001723308
https://doi.org/10.1146/annurev.neuro.24.1.677
https://doi.org/10.1007/s10571-017-0510-4
https://doi.org/10.3389/fncel.2019.00363
https://doi.org/10.1006/prep.1995.1062
https://doi.org/10.1093/gerona/glu028
https://doi.org/10.2174/157015911798376190
https://doi.org/10.1523/JNEUROSCI.0348-04.2004
https://doi.org/10.1177/1073858411431646
https://doi.org/10.1038/ncomms3490
https://doi.org/10.1161/CIRCOUTCOMES.113.000424
https://doi.org/10.1016/S0092-8674(03)00035-7
https://doi.org/10.1161/JAHA.114.001544
https://doi.org/10.1038/s41598-021-86220-3
https://doi.org/10.1186/s42358-020-00141-9
https://doi.org/10.3390/genes13030482
https://doi.org/10.1016/j.neubiorev.2012.07.002
https://doi.org/10.1016/j.jad.2018.07.054
https://doi.org/10.1002/brb3.1009
https://doi.org/10.3390/life11111256
https://doi.org/10.3389/fnins.2021.715330
https://doi.org/10.1007/s00125-006-0537-4
https://doi.org/10.1016/j.autneu.2006.02.027
https://doi.org/10.1007/s00125-009-1364-1
https://doi.org/10.1007/s001250051661
https://doi.org/10.1111/j.1463-1326.2006.00572.x
https://doi.org/10.1038/oby.2009.159
https://doi.org/10.2337/db06-0550
https://doi.org/10.1093/emboj/19.6.1290
https://doi.org/10.1242/dev.127.21.4531
https://doi.org/10.1016/j.tcm.2007.03.002
https://doi.org/10.1111/apha.12249
https://doi.org/10.3389/fphys.2019.00455
https://doi.org/10.1016/S0079-6123(03)46018-4
https://doi.org/10.1016/j.bbrc.2011.10.020
https://doi.org/10.1186/s12872-018-0762-z
https://doi.org/10.1016/j.cca.2012.02.013
https://doi.org/10.1016/j.ijcard.2004.10.041
https://doi.org/10.1097/HJH.0000000000001164
https://doi.org/10.1038/jhh.2014.39
https://doi.org/10.1038/jhh.2010.9
https://doi.org/10.5114/aoms.2015.56342
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Fatma et al. 10.3389/fneur.2022.1035885

index), IQ (intelligence quotient) and BP (blood pressure): an updated review Egyptian. J
Med Hum Genet. (2022) 23:57. doi: 10.1186/s43042-022-00266-0

45. Thomas JC, Khoury R, Neeley CK, Akroush AM, Davies EC. A fast CTABmethod of
human DNA isolation for polymerase chain reaction applications. Biochem Educ. (1997)
25:233–5. doi: 10.1016/S0307-4412(97)00122-2

46. Lettre G, Lange C, Hirschhorn JN. Genetic model testing and statistical power
in population-based association studies of quantitative traits. Genet Epidemiol. (2007)
31:358–62. doi: 10.1002/gepi.20217

47. Aziz N, Kallur SD, Nirmalan PK. Implications of the revised consensus body
mass indices for asian indians on clinical obstetric practice. J Clin Diagnostic Res.
(2014) 8:OC01–03. doi: 10.7860/JCDR/2014/8062.4212

48. Pan WH, Yeh WT. How to define obesity? Evidence-based multiple action
points for public awareness, screening, and treatment: an extension of Asian-Pacific
recommendations. Asia Pac J Clin Nutr. (2008) 17:370–4.
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