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Abstract
Leptin is an anorexigenic hormone well recognized by its role in mediating energy homeostasis. Recently, leptin has been 
associated with psychiatric disorders and interestingly, leptin treatment has shown antidepressant and anxiolytic effects. We 
examined the association of leptin levels and leptin (LEP) gene rs3828942 polymorphism with anxiety disorders consider-
ing sex differences. A cross-sectional population-based study, including 1067 young adults, of whom 291 presented anxiety 
disorders diagnosed by the Mini International Neuropsychiatric Interview (MINI 5.0). The rs3828942 polymorphism was 
genotyped by real-time PCR and ELISA measured leptin levels. Leptin levels were not associated with anxiety disorders 
after adjusting for sex and body mass index (BMI) [ß = − 0.009 (− 0.090–0.072); p = 0.832]. The distribution of rs3828942 
genotypes was not associated with anxiety disorders. However, in a sex-stratified sample, the A-allele of rs3828942 polymor-
phism was associated with risk for GAD in women even when adjusting for confounding variables [OR = 1.87 (1.17–2.98); 
p = 0.008]. In a subsample of 202 individuals with GAD and control matched by sex and BMI, results suggest an interaction 
between genotypes and GAD diagnosis based on leptin levels only in the male group [F (1, 54) = 6.464; p = 0.0139]. Leptin 
is suggested to be related with the neurobiology of anxiety disorders in a sex-dependent manner since women carrying the 
A-allele of LEP rs3828942 present a higher risk for GAD, while leptin levels seem to be lower in men with GAD carrying 
A-allele. Studies on the relationship between leptin polymorphisms and levels are scarce and, therefore, further research is 
necessary.
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Introduction

Anxiety disorders are chronic and functionally disabling 
conditions that are among the most frequent psychiatric 
disorders. Recent data from the World Health Organiza-
tion (WHO) have pointed out that the segment of the global 
population with a higher prevalence of anxiety disorders is 
women [1]. Although particular symptoms and signs lead to 
differential categories of anxiety disorders, such as the dura-
tion and severity of each clinical diagnosis (e.g., generalized 
anxiety disorder (GAD), agoraphobia, social phobia), some 
symptoms, such as chronic and persistent worry, tension, 
sleep disturbances, and cognitive impairment are similar [1, 
2].

Women have greater susceptibility to develop depression 
and anxiety disorders since they are more sensitive to psy-
chological stress [3–5]. Genetic factors and hormonal regu-
lation may differentially influence women’s environmental 
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responses to stress [6–8]. In this regard, leptin is a polypep-
tide hormone exponentially synthesized in proportion to the 
amount of adipose tissue, which presents a higher secretion 
in women than in men [9]. Leptin has a well-established 
role in regulating food intake and body weight [10–13] and 
recently, an additional role in mood and emotion regulation 
has been demonstrated [14–17].

Indeed, in animal models of depression, chronic stress 
has been associated with decreased leptin levels and leptin 
administration was able to reduce depressive and anxiety-
like behaviors [14, 17–19], and has facilitated the extinction 
of conditioned fear responses [17–20]. In addition, leptin-
knockout mice have exhibited marked increases in depres-
sion and anxiety-related behaviors, which can be reverted 
by leptin administration [21–24]. In the clinical field, leptin 
deregulation has been associated with depressive disorders 
although the findings have been conflicting, showing both 
higher and lower levels of leptin, or none association with 
the disorder [25–27]. Within the context of anxiety disor-
ders, results found in the literature are scarce. Furthermore, 
studies investigating the association of genetic variants in 
LEP and LEPR gene in relation to psychiatric disorders 
are limited, indicating the importance of further research. 
LEP gene located in chromosome 7 was first suggested to 
be associated with behavior disorders in the 1990s [28] and 
LEP D7S1875 repeat polymorphism was then related to 
depression and associated comorbidities [29]. Nowadays, 
LEP rs7799039 is one of the most well-studied polymor-
phisms related to weight gain in psychiatric patients under 
medication although data are still controversial [30–32]. 
Furthermore, this polymorphism has shown to be in higher 
linkage disequilibrium with rs3828942, a polymorphism 
located in intron 2, also associated with higher weight gain 
in schizophrenic patients [30]. However, these studies have 
not evaluated direct associations with psychiatric diagnoses 
and behavioral patterns.

Therefore, according to the emerging relevance of leptin 
for mood and emotion regulation, as the well-known sex 
differences regarding leptin secretion and anxiety preva-
lence, the present study aimed to investigate the association 
of leptin levels and single nucleotide polymorphism (SNP) 
rs3828942 in LEP gene with anxiety disorders considering 
sex differences in a population-based cross-sectional study.

Materials and methods

Subjects and procedures

This research was a cross-sectional population-based study, 
which included 1067 young adult aged 18–35 years from an 
urban area of Pelotas, Southern Brazil, of whom 298 had 
anxiety disorders. Major details of the study design were 

previously described [33]. Home visits were conducted in 
the morning when participants answered a standard ques-
tionnaire to collect sociodemographic information, lifestyle, 
and a blood sample was collected. Additionally, on the 
same day of questionnaire application, researchers meas-
ured the weight and height of participants which were used 
to calculate the body mass index (BMI), and individuals 
were categorized as presenting normal weight (BMI ≥ 18.5 
and ≤ 24.9), overweight (BMI ≥ 25.0 and ≤ 29.9), and obe-
sity (BMI ≥ 30.0) according to the Centers for Disease Con-
trol and Prevention (http://www.cdc.gov). Ethnicity was self-
declared and classified as Caucasian and non-Caucasian, 
the last including African-American, Indian-American, 
and other ethnicities. To determine the presence of current 
and lifetime anxiety disorders including GAD, agoraphobia 
and social phobia, trained psychologists used a structured 
diagnostic instrument, the Mini International Neuropsychi-
atric Interview according to DSM-IV criteria (MINI. 5.0, 
Brazilian version/DSM IV, Medical Outcome Systems Inc., 
Jacksonville, FL, USA). The study was approved by the Eth-
ics Committee of Catholic University of Pelotas, Pelotas, 
Brazil (Protocol number 2010/15), and all participants pro-
vided their informed consent. The inclusion criteria of the 
study comprised the following aspects: age between 18 and 
35 years, residence place in the urban area of Pelotas, and 
acceptance to participate in the study signing the informed 
consent form. The exclusion criteria included individuals 
unable to respond to the interview due to physical or cogni-
tive problems.

After obtaining the preliminary results from the asso-
ciation study, we also analyzed a representative subsample 
of 202 individuals (101 controls and 101 individuals with 
GAD) that were randomly selected from the population-
based study and paired by sex and BMI for the evaluation of 
leptin serum levels according to genotypes.

Sample collection

After the clinical interview, 10 ml of blood was collected 
from each subject by venipuncture into a vacuum tube dur-
ing morning hours (between 8:00 and 11:00 a.m.) which 
were used for the molecular and biochemical analysis. Blood 
samples from anticoagulant-free tubes were immediately 
centrifuged at 3500g for 15 min for serum isolation, which 
were kept frozen at − 80 °C until biochemical analysis was 
performed. Peripheral blood leukocytes from samples col-
lected in EDTA tubes were used for total DNA extraction 
using a standardized salting-out procedure [34].

Molecular analyses

The selection of the LEP rs3828942 (G/A) SNP was based 
on (1) relevance of the LEP gene for cognition and stress 

http://www.cdc.gov
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response; (2) previous results relating this SNP with cog-
nitive performance; (3) allelic frequencies of the variant; 
(4) and technical viability. LEP rs3828942 SNP was geno-
typed using primers (TTA GAG GCT TGG CAG TCA CCT 
GGG T[G/A]CAG GAT ACA AGG GCC TGA GCC AAA G) 
and probes contained in the 40 × Human Custom TaqMan 
Genotyping Assay (Life Technologies, Foster City, CA, 
USA). The reactions were conducted in a 96-well plate, in 
a total 5-ml reaction volume using 2 ng of genomic DNA, 
TaqMan Genotyping Master Mix 1 × (Applied Biosystems), 
and CustomTaqMan Genotyping Assay 1 ×. Then, plates 
were positioned in a real-time PCR thermal cycler (7500 
Fast Real PCR System; Applied Biosystems) and heated for 
10 min at 95 °C, followed by 40 cycles of 95 °C for 15 s 
and 60 °C for 1 min. Fluorescence data files from each plate 
were analyzed using automated allele-calling software (SDS 
2.0.1; Applied Biosystems).

Serum leptin levels measurement

Serum levels of leptin were measured using a specific immu-
noassay kit (DuoSet ELISA Development, R&D Systems, 
Inc., USA). The intra-assay coefficient of variation (CV) was 
less than 5% and the inter-assay CV was less than 10%. All 
samples and standards were measured in duplicate. Serum 
leptin level was expressed in ng/mL.

Statistical analysis

Questionnaires were typed and coded directly into the Epi-
Info6 program at the interview time and statistical analysis 
was performed using SPSS statistical package for Windows, 
version 23.0. Allelic frequencies were determined by gene 
counting and departures from the Hardy–Weinberg equi-
librium were verified using χ2-test. Sociodemographic and 
clinical characteristics were compared by unpaired t test and 
χ2-test, as appropriate. Serum leptin levels showed a skewed 
distribution and were logarithmically transformed before 
unpaired t test and two-way analysis of variance followed 
by Tukey post hoc test. Linear regression was performed to 
verify the association of leptin levels with anxiety disorder 
adjusting for sex, BMI, and age expressed as ß value and 
95% confidence interval. A magnitude measure of effect was 
calculated by binary logistic regression crudely adjusted for 
ethnicity or adjusted for BMI, age, ethnicity, and sex when 
appropriate, and presented as odds ratio (OR) and 95% con-
fidence interval.

Regarding the association analysis, alpha level was cor-
rected for multiple tests using the Bonferroni approach. 
Thus, significant results were those with p values lower than 
0.008 (6 tests). All tests were two-tailed, and those tests 
comprising p values between 0.008 and 0.05 were consid-
ered as suggestive associations.

Results

Our study comprised 1067 participants, of whom 291 
(27.3%) presented anxiety disorders, including GAD, 
social phobia, and agoraphobia. Data described in Table 1 
show that women presented higher prevalence of anxiety 
disorders (31.7%; p < 0.001), and low-income individuals 
were affected in a higher proportion (37.2%; p < 0.001) 
as well as smokers (47.1%; p < 0.001). No significant dif-
ferences were found according to age, ethnicity, BMI, 
and rs3828942 genotype distribution. Leptin levels were 
higher in subjects with anxiety disorders when compared 
to the control group (25.8 ± 33.5 and 20.18 ± 27.8, respec-
tively; p = 0.027), but this association did not remain after 

Table 1  Sociodemographic, clinical and biological characteristics of 
the sample according to anxiety disorder

Values are expressed as mean ± SD or n (%). Values of p < 0.05 were 
considered statistically significant. Anxiety disorder includes general-
ized anxiety disorder, agoraphobia and social phobia. Data were ana-
lyzed by Student t test or χ2-square test

Variables Anxiety disorder p value

No Yes

Gender < 0.001
 Female 424 (68.3%) 197 (31.7%)
 Male 351 (78.9%) 94 (21.1%)

Age 26.00 ± 5.3 26.0 ± 5.2 0.865
BMI 26.05 ± 5.3 26.11 ± 5.8 0.695
Ethnicity 0.139
 Caucasian 595 (73.9%) 210 (26.1%)
 No caucasian 180 (69.0%) 81 (31.0%)

Socioeconomic class < 0.001
 Low 135 (62.8%) 80 (37.2%)
 Intermediate 386 (72.1%) 149 (27.9%)
 High 254 (80.6%) 61 (19.4%)

Smoke < 0.001
 Yes 129 (52.9%) 115 (47.1%)
 No 645 (78.9%) 172 (21.1%)

Leptin levels (ng/ml) 20.18 ± 27.8 25.8 ± 33.5 0.027
rs3828942 genotypes 0.689
 GG 263 (33.9%) 98 (33.7%)
 AG 405 (52.2%) 158 (54.3%)
 AA 108 (13.9%) 35 (12.0%)

Genotypes (dominant model) 1.000
 GG 263 (33.9%) 98 (33.7%)
 AG/AA 513 (66.1%) 193 (66.3%)

Genotypes (recessive model) 0.480
 GG/AG 668 (86.1%) 256 (88.0%)
 AA 108 (13.9%) 35 (12.0%)

Total 776 291



1144 European Archives of Psychiatry and Clinical Neuroscience (2021) 271:1141–1148

1 3

the linear regression adjusted for sex and BMI [ß = − 0.009 
(− 0.090–0.072); p = 0.832].

The genotype distribution of rs3828942 SNP was 
in agreement with the distribution predicted by the 
Hardy–Weinberg equilibrium (χ2 = 0.798; p = 0.371). Dis-
tribution of genotypes differed according to ethnicity with 
a higher proportion of AA genotype (15.3%) in Caucasian 
individuals compared to non-Caucasian (7.7%; p = 0.001). 
However, other sociodemographic and biological charac-
teristics such as sex, socioeconomic level, BMI, and leptin 
levels did not differ according to genotypes distribution (data 
not shown).

Our results revealed no association between the geno-
types distribution of LEP rs3828942 polymorphism 
according to the diagnosis of GAD (p = 0.269), agorapho-
bia (p = 0.171), and social phobia (p = 0.174) (data not 
shown). Data described in Table 2 showed no association 
between rs3828942 polymorphism and agoraphobia or 
social phobia using both dominant and recessive models, 

while a suggestive association was demonstrated between 
the dominant model and GAD with A-allele conferring risk 
[OR = 1.47 (1.008–2.156); p = 0.045]. In addition, subjects 
with GAD presented higher levels of leptin compared to con-
trols (27.66 ± 35.0 and 20.59 ± 27.8, respectively; p = 0.030), 
while no differences were observed for leptin levels con-
sidering social phobia or agoraphobia diagnosis (data not 
shown). However, after adjusting for sex and BMI in the 
linear regression, leptin levels and GAD did not remain asso-
ciated [ß = 0.002 (− 0.099–0.103); p = 0.964].

Moreover, considering the higher prevalence of anxi-
ety disorders in women, we analyzed the dominant model 
according to anxiety diagnosis after sex stratification 
(Table 3). Our results showed that A-allele of rs3828942 
polymorphism confers risk for GAD in women compared 
to controls even after adjusting the logistic regression for 
age, ethnicity, and BMI [OR = 1.87 (1.17–2.98); p = 0.008), 
and no association was observed for men (p = 0.759) as well 
(Table 3). No significant influences of rs3828942 genotypes 

Table 2  Association analysis between the leptin rs3828942 SNP and anxiety disorders

The significant and suggestive results are denoted in bold
*Binary logistic regression adjusted by ethnicity
**Binary logistic regression adjusted by ethnicity, age, sex and BMI and represented as OR (95% CI)/p

GAD Agoraphobia Phobia social

OR (95% CI)/p* OR (95% CI)/p** OR (95% CI)/p* OR (95% CI)/p** OR (95% CI)/p* OR (95% CI)/p**

rs3828942 Genotypes dominant model
 GG 1 1 1 1 1 1
 GA/AA 1.33 (0.931–

1.925)/0.116
1.47 (1.008–

2.156)/0.045
0.85 (0.616–

1.185)/0.346
0.87 (0.625–

1.222)/0.431
1.38 (0.783–

2.432)/0.265
1.33 (0.747–

2.368)/0.332
Recessive model
 GG/AG 1 1 1 1 1 1
 AA 0.99 (0.611–

1.629)/0.993
1.10 (0.661–

1.830)/0.714
0.65 (0.388–

1.104)/0.112
0.61 (0.355–

1.073)/0.087
0.55 (0.195–

1.572)/0.267
0.55 (0.195–

1.572)/0.267

Table 3  Association analysis between the leptin rs3828942 SNP and anxiety disorders in sex-stratified sample

The significant and suggestive results are denoted in bold
*Binary logistic regression adjusted by ethnicity
**Binary logistic regression adjusted by ethnicity, age, sex and BMI and represented as OR (95% CI)/p

GAD Agoraphobia Phobia social

OR (95% CI)/p* OR (95% CI)/p** OR (95% CI)/p* OR (95% CI)/p** OR (95% CI)/p* OR (95% CI)/p**

Woman rs3828942 dominant model
 GG 1 1 1 1 1 1
 GA/AA 1.76 (1.13–

2.75)/0.013
1.87 (1.17–

2.98)/0.008
1.08 (0.71–

1.63)/0.717
1.10(0.72–

1.68)/0.659
1.80 (0.93–

3.49)/0.082
1.63 (0.84–

3.20)/0.149
Men rs3828942 dominant model
 GG 1 1 1 1 1 1
 GA/AA 0.807 (0.42–

1.54)/0.516
0.90 (0.46–

1.75)/0.759
0.59 (0.35–

1.01)/0.056
0.63 (0.36–

1.09)/0.100
0.68 (0.21–

2.17)/0.511
0. 68 (0.21–

2.21)/0.530
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were observed for agoraphobia and social phobia for both 
women and men (Table 3). In the stratified sample by sex, 
leptin levels did not differ according to any anxiety diagnosis 
(data not shown).

In view of the results showing an association between 
rs3828942 SNP and GAD in women, we performed in a 
subsample of individuals, an analysis of the interaction 
between LEP rs3828942 genotypes (GG and GA/AA) and 
GAD considering leptin levels, which revealed no significant 
interaction [F(1, 205) = 1.569; p = 0.2117] (Fig. 1a). How-
ever, when the analysis was performed in a sex-stratified 
sample, a suggestive interaction was observed in the male 
group, where subjects with GAD carrying the GG genotype 
presented lower leptin levels than GG genotype control sub-
jects [F(1, 54) = 6.464; p = 0.0139] with no differences for 
women [F(1, 147) = 0.2158; p = 0.642] (Fig. 1b).

Discussion

Beyond the leptin well-recognized function in metabolism 
homeostasis, our study sought to evaluate the additional 
role of leptin in anxiety disorders, since recent evidence of 
pre-clinical and clinical studies indicate to its regulation in 
depressive and anxiety behavior. Here, we demonstrated 
that leptin levels in anxiety disorders and, specifically GAD, 

are dependent on sex and BMI. Moreover, LEP rs3828942 
A-allele seems to confer a risk factor for GAD in a sex-
dependent manner.

Genetic mouse models have highlighted LEP and LEPR 
genes as important tools to understand the molecular and 
pathophysiological processes involved in complex human 
diseases such as psychiatric disorders. Interestingly, leptin-
deficient (ob/ob) mice presented anxious and depressive-like 
behavior [21–23], which were reversed by administrating 
leptin [22, 23]. Leptin also showed a potential antidepres-
sant-like activity as measured by immobility time in forced 
swimming test in mice which revealed an increasing c-fos 
mRNA expression in the hippocampus [35]. In addition, 
rats exposed to chronic unpredictable stress (CUS) exhib-
ited a hedonic-like deficit in sucrose preference test and low 
plasma leptin levels [35]. Furthermore, leptin administration 
in rats chronically stressed was also effective in reversing 
anxious-like profiles and increasing serum corticosterone 
levels in a dose-dependent manner [18]. Within the context 
of fear conditioning, an animal model for anxiety disor-
ders, both systemic and intra-lateral amygdala administra-
tion of leptin facilitates the extinction of conditioned fear 
responses reducing anxiety symptoms [20]. In fact, leptin 
and its receptors are widely distributed in brain areas which 
are involved in the control of mood and emotion, such as 
the limbic structures. The signaling operated by leptin has 

Fig. 1  a Serum leptin lev-
els according to rs3828942 
genotypes distribution in GAD 
(GG = 25; GA/AA = 79) and 
control subjects (GG = 36; GA/
AA = 69). b Serum leptin levels 
of women and men expressed 
according to rs3828942 
genotypes distribution in GAD 
(women-GG = 16; women-
GA/AA = 59; men-GG = 9; 
men-GA/AA = 20) and control 
subjects (women-GG = 26; 
women-GA/AA = 50; men-
GG = 10; men-GA/AA = 19). 
Leptin levels were expressed in 
ng/ml as mean values. Values 
of p ≤ 0.05 were considered 
statistically significant as 
evaluated by two-way ANOVA 
followed by Tukey post hoc test. 
GAD = Generalized Anxiety 
Disorder
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important functions in the modulation of cognitive pro-
cesses, neurogenesis, synaptogenesis, and neuroprotection 
[15]. Therefore, preclinical results describing the anxiolytic 
and antidepressant effects of leptin have aroused the interest 
of the scientific community in carrying out further clinical 
research.

From a clinical perspective, data evaluating leptin sign-
aling in anxiety disorders are still limited. Epidemiological 
studies have reported controversial results regarding depres-
sive disorders, showing high [36, 37] and low [33, 38, 39] 
peripheral leptin levels or no significant differences between 
depressed and non-depressed subjects [40]. Although data 
concerning anxiety are scarce in the literature, a clini-
cal study evaluating reproductive-aged women with mild 
depression and anxiety showed lower levels of leptin when 
compared to healthy volunteers [41]. Conversely, our results 
demonstrated no consistent data regarding the association 
between leptin levels and anxiety disorders using sex and 
BMI adjusted analysis. As both parameters directly influence 
leptin secretion, it is important to conduct further studies 
according to differential diagnosis. While agoraphobia is 
characterized by intense fear or anxiety triggered by actual 
or predicted exposure to various situations, social phobia 
differs from it concerning the type of situations that elicit 
fear and anxiety. On the other hand, GAD symptoms are 
expressed by anxiety and excessive worry about various 
events or activities. Moreover, the risk factors and progno-
sis for these disorders differ according to individual tem-
perament, environment, genetics, and physiological factors 
(DSM-V).

Studies with genetic variants have shown that polymor-
phisms in the LEP or LEPR genes have been extensively 
investigated regarding metabolic disorders and weight gain 
[42, 43]. The G-allele of rs3828942 SNP in the LEP gene 
was associated with higher fat mass index in adolescents 
who had a lower ponderal index at birth [44]. Conversely, 
our findings demonstrated no association of rs3828942 
variants with BMI in the general sample. Currently, there 
are few studies investigating the potential association of 
SNPs in leptin regulation in the context of psychiatric dis-
orders. In this regard, SNPs already studied in this path-
way have been considered as potential pharmacogenetic 
markers for weight gain associated with antipsychotics, 
such as the SNPs rs1137101, rs8179183, rs1805134, 
and rs1137100 [13]. The rs7799039 SNP is located in 
the promoter region of LEP gene (in the literature usu-
ally referred to as 2548G/A) and has been found in high 
unbalance of binding with the rs3828942 investigated in 
this study, since they are in high linkage disequilibrium. 
However, only two studies have shown the effect of the 
rs3828942 variant in psychiatric patients. One of them 
investigating several SNPs in the LEP gene indicated that 
only rs3828942 G-allele and rs7799039 G-allele were 

associated with higher weight gain in schizophrenic and 
schizoaffective patients treated with antipsychotics [30]. 
Besides that, rs3828942 A-allele remained significantly 
associated with resistance to antidepressant treatment 
response, lower cognitive performance, and BMI after cor-
rection for multiple testing regarding the number of SNPs 
evaluated in depressive patients [45]. In our study, the 
genotype distribution of rs3828942 did not differ between 
groups for all anxiety disorders evaluated. However, after 
sample stratification by sex, our study revealed an asso-
ciation between GAD and the A-allele of LEP rs3828942 
in women even after adjusting for confounding variables, 
suggesting the potential for further research on LEP gene 
SNPs and psychiatric disorders. Most importantly, our 
results are in agreement with previously described results 
for depressive patients, suggesting a risk factor associated 
with A-allele of rs3828942.

Although this study found no association between leptin 
levels and anxiety disorders, our data suggest an interaction 
between leptin levels and rs3828942 SNP in men, corrobo-
rating the differential effect according to sex. In this regard, 
we point out that sex differences in anxiety neurobiology 
have already been mentioned in the literature, and although 
women are twice as likely to develop anxiety disorders, the 
reasons remain unclear. Nevertheless, it is important to high-
light the need for further studies to evaluate this association 
in larger samples. On the other hand, the inclusion of sex as 
a biological variable in research is absolutely essential for 
improving our understanding of disease mechanisms con-
tributing to risk and resilience for anxiety disorders [46].

The present results show that the association of leptin 
levels with anxiety disorders is dependent on sex and BMI 
and that female individual carrying the rs3828942 A-allele 
of LEP gene present a higher risk of developing GAD. Most 
importantly, the results described here indicate the involve-
ment of the leptin system in the neurobiology of anxiety 
in a sex-dependent manner. The importance of our study 
in assessing leptin levels and leptin genetic variants in a 
population-based study, along with the limiting and incon-
sistent findings in this research field, highlights that further 
studies are required to elucidate our findings.

Despite the role of leptin signaling in anxiety disorders 
which has been suggested in this study, our findings should 
be considered in light of some limiting factors. First, the 
study had a cross-sectional design and, therefore, a longitu-
dinal evaluation would be more appropriate to better under-
stand the impact of this polymorphism on leptin levels and 
susceptibility to anxiety. Second, we did not research the 
severity of anxiety symptoms. Third, food intake was not 
controlled in blood sample collection, and fourth, the small 
sample size in each group might have limited in particu-
lar the analysis of leptin levels. Regardless of these limita-
tions, the methodological strengths of this study should be 
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considered when using a higher population-based sample of 
young subjects for leptin evaluation.
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