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Abstract

Background /Objectives: Depression ranks among the most prevalent mental health disor-
ders worldwide. Numerous studies have linked the C-1019G (rs6295) polymorphism in
the serotonin 1A (5-HT1A) receptor gene to increased susceptibility to depression. In this
study, sociodemographic variables and clinical characteristics were integrated with targeted
genotyping of the C-1019G polymorphism to identify risk factors associated with depres-
sive symptoms in a Mexican cohort. Methods: Sociodemographic and clinical data were
collected from 257 volunteers (202 healthy controls, 55 with depressive symptoms). Geno-
typing for C-1019G was performed using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP). Sociodemographic variables, clinical characteristics,
and genotype frequencies were analyzed relative to Beck Depression Inventory II (BDI-II)
scores. Results: BDI scores were significantly lower among males, participants aged <
40 years, unmarried individuals, and those with a high school education (p < 0.05). Fe-
males were three times more likely to exhibit depressive symptoms than males (p = 0.004;
OR = 3.08). Compared with participants aged < 40 years, those aged 40-65 and >65 years
were two (p = 0.026; OR = 2.19) and five times (p < 0.001; OR = 5.71) more likely to report
depressive symptoms, respectively. Participants with type 2 diabetes mellitus had twice
the odds of depressive symptoms (p = 0.025; OR = 2.38). Odds increased twelvefold among
those with diabetes plus arterial hypertension (p < 0.001; OR = 12.25). Among males, the
C/C genotype was observed exclusively in controls (p = 0.010). Furthermore, the genotypic
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distribution of this study population differed from that of European and Asian popula-
tions. Conclusions: These findings advance the understanding of depressive symptoms’
multifactorial etiology and may inform targeted screening and prevention strategies.

Keywords: depressive symptoms; C-1019G polymorphism; 5-HT1A receptor gene;
sociodemographic variables; clinical characteristics; Mexican population; risk factors

1. Introduction

Depressive disorder represents a major global public health challenge. Globally,
the prevalence of depressive disorders increased by 88.52% from 1990 to 2021, affecting
hundreds of millions of people and producing substantial disability and lost years of healthy
life across regions [1]. Regional data show a pooled lifetime prevalence of depressive
disorder of 12.58% in Latin America [2]. In the Mexican population, the National Health
and Nutrition Survey (ENSANUT) estimated that, overall, 16.7% of adults (aged > 20 years)
screened positive for depressive symptoms, being higher in older adults (>60 years).
Additionally, 45.8% of adolescents reported at least one depressive symptom in the week
before the survey [3].

Risk factors for the onset and persistence of depression are multifactorial. Key factors
such as socioeconomic disadvantages, low educational attainment, unemployment, and
adverse neighborhood conditions consistently predict an increased risk of depressive symp-
toms [4,5]. In Mexico, the ENSANUT [3] and other population-based studies documented a
substantial burden of depressive symptoms that varies by age, sex, urban/rural residence,
and socioeconomic status, highlighting significant gaps in detection and treatment cover-
age. Importantly, these social determinants operate directly and indirectly by modulating
biological susceptibility [6,7].

Drawing on established pathophysiological frameworks—including the monoamine,
neuroendocrine, neurotrophic, and neuroinflammatory theories—numerous studies have
identified candidate genes implicated in depression [8,9]. To date, molecular pathway
analyses have identified at least 11 common genes harboring specific variants significantly
associated with major depressive disorder (MDD). Frequently investigated genes span
multiple biological pathways, including serotonergic (e.g., solute carrier family 6 member
4 (SLC6A4), 5-hydroxytryptamine receptor 1A (5-HT1A) receptor gene, and tryptophan
hydroxylase (I'PH)), dopaminergic (e.g., dopamine transporter 1 (DAT1), dopamine re-
ceptor D4 (DRD4), and catechol-O-methyltransferase (COMT)), vascular and metabolic
(e.g., apolipoprotein E (APOE), angiotensin-converting enzyme (ACE), and methylenete-
trahydrofolate reductase (MTHFR)), glutamatergic (e.g., D-amino acid oxidase activator
(DAOA)), and neurotrophic (e.g., brain-derived neurotrophic factor (BDNF)) systems [10].

The C-1019G (rs6295) polymorphism in the (5-HT1A) receptor gene modifies tran-
scriptional regulation of the 5-HT1A receptor and has been linked, across mechanistic, neu-
roimaging, and clinical studies, to altered amygdala reactivity and mood phenotypes [11].
The C-1019G polymorphism, which leads to increased 5-HT1A autoreceptor expression,
has been associated with depression risk, symptom severity, antidepressant response, and
suicide, while heterogeneity has been noted across populations and study designs [12-15].

Bridging population-level social determinants with molecular variation offers a
promising path to elucidate the mechanisms underlying vulnerability and resilience. This
study aimed to integrate sociodemographic variables, clinical characteristics, and targeted
genotyping of the C-1019G polymorphism to identify risk factors associated with depressive
symptoms in a Mexican cohort.
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2. Materials and Methods
2.1. Participants

All participants were recruited from the central region of Veracruz State, Mexico, en-
compassing Orizaba, Zapoapan, Tuxpanguillo, and Ixtaczoquitldn. Participant recruitment
took place between 2020 and 2023 through structured interviews conducted at two sites: the
Psychology Department of Sanitary Jurisdiction No. 7 Health Center (located in Zapoapan,
Ixtaczoquitldn municipality) and the Orizaba Municipal DIF Clinic.

The surveys provided data on participants’ gender, age, marital status, educational
attainment, and health status. Eligible participants included Mexican adults aged > 18 years
of both sexes with documented local ancestry (defined as having parents and grandparents
born within the same community) who provided a venous blood sample. Exclusion criteria
comprised (i) individuals who had family relationships outside the local population; (ii) pre-
existing chronic conditions, such as renal, hepatic, pulmonary, or cardiac diseases and
severe allergies; and (iii) pregnancy or lactation. Notably, individuals diagnosed with
diabetes mellitus (DM) or arterial hypertension (AH) were intentionally retained in the
study cohort despite these chronic conditions.

2.2. Beck Depression Inventory II (BDI-1I)

The Beck Depression Inventory II (BDI-1I) serves as a validated screening tool for
assessing depressive symptomatology in adult populations. This 21-item self-report ques-
tionnaire quantifies depression severity based on symptoms experienced during the 2 weeks
preceding administration. The total scores range from 0 to 63, with established clinical
thresholds: <13 indicating no depressive symptoms, 14-19 suggesting mild depressive
symptoms, 20-28 reflecting moderate depressive symptoms, and 29-63 signifying severe
depressive symptoms [16]. A psychometric evaluation in a Mexican-American older
adult cohort confirmed the instrument’s reliability (Cronbach’s « = 0.80) and validity [17].
All interviews and questionnaire assessments were conducted by trained mental health
professionals. The complete BDI-II questionnaires were reviewed during the interview
process to assess response consistency and completeness. Participants whose responses
were considered unreliable or inconsistent, based on the clinical judgment of the evaluating
professionals, were excluded from the study.

2.3. Study Design

Sociodemographic characteristics were categorized and analyzed in relation to BDI-II
scores. For the case—control analysis, participants were divided into two groups based on
established BDI-II thresholds: a control group comprising individuals with scores < 13
(n = 202) and a depressive symptoms group comprising those with scores > 14 (n = 55).

2.4. Genotyping

DNA was extracted from blood leukocytes with a Quick-DNA Kit (Zymo Research,
Irvine, CA, USA). The C-1019G polymorphism was genotyped via polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP), following the method-
ology described by Rothe et al. [18], with minor modifications described by Hernandez-
Mixteco et al. [12]. Briefly, a 172-base pair (bp) fragment was amplified via PCR using
the following primers (one modified): forward primer (F-mod): 5'-AGGGAGTAAGGCTG
GACTGT-3'; reverse primer (R): 5-GGAAGAAGACCGAGTGTGTCAT-3'. According to
Kato et al. [19], the G allele resulted in an undigested 172 bp PCR product, while the C
allele generated two fragments of 17 bp and 155 bp.
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2.5. Statistical Analyses

The normality of the data was evaluated using the Shapiro-Wilk test, and the ho-
mogeneity of variances was assessed using the Bartlett test. To determine whether the
data were in Hardy-Weinberg equilibrium, the x? test was used. The following tests were
employed to compare groups: the Mann-Whitney U test for two groups and the Kruskal-
Wallis test for three or more groups. The chi-square (x?) test was used to examine the
genotypes by genotypic distribution (G/G, C/G, and C/C) and allelic frequency (G and
C) and under the recessive model (G/G + C/G vs. C/C) for the C-1019G polymorphism.
Logistic regression was employed to evaluate the risk. The data are displayed as frequen-
cies (with percentages) or means + standard deviations for normally distributed variables
and as medians with interquartile ranges for non-normally distributed variables. Statistical
power was calculated using Pearson’s chi-square test to determine whether the sample
size was sufficient to detect differences between case and control groups, sexes (male vs.
female), and genotypes (G/G, C/G, and C/C). Statistical significance was defined as a
p-value < 0.05. All analyses were performed using Stata 17.0 software (StataCorp LLC,
College Station, TX, USA).

3. Results
3.1. Demographic and Clinical Characteristics of the Study Population

This study included 257 participants. A statistical power analysis indicated 100%
power, demonstrating that this sample size was sufficient to detect differences between
groups and was adequate for genetic analyses. A total of 85 participants (33.1%) were
male, and 172 (66.9%) were female. The mean age was 37.14 (+20.67) years. Over half of
the participants (56%) were under 40 years of age. Demographic analysis indicated that
60.3% were unmarried, and 56.1% reported high school as their highest level of educational
attainment. In terms of health status, 146 participants (56.8%) were classified as healthy; 57
(22.2%) had DM; 29 (11.3%) had AH; 17 (6.6%) had both conditions (DM plus AH); and 8
(3.1%) reported other chronic conditions, including gastrointestinal, musculoskeletal, or
thyroid disorders (Table 1).

Table 1. Characterization of the study population.

Characterization N (%) BDI-II * Score Value
N =257 (Mean + Standard Deviation)

Sex
Male 85 (33.1) 727 +7.31 0.0003 "
Female 172 (66.9) 10.51 + 8.44
Age in years
<40 144 (56.0) 7.45 4+ 7.08 2P 0.0001 *
40 to 65 81 (31.5) 10.92 +7.802 ’
>65 32 (12.5) 14.65 4+ 10.79 b
Marital status
Unmarried 155 (60.3) 787 +£7372 0.0001 *
Married 87 (33.9) 11.80 £ 8.742 ’
Widowed /divorced 15 (5.8) 11.93 +9.96
Level of education
No education 14 (5.4) 16.57 £ 12952
Elementary school 67 (26.1) 12.40 + 8.38 P <0.0001 *+
Middle school 19 (7.3) 9.63 + 6.91 ’
High school 144 (56.1) 7.09 + 6.36 2P
Bachelor’s school 13 (5.1) 12.30 + 11.58
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Table 1. Cont.
Characterization o BDI-II * Score
N =257 N () (Mean + Standard Deviation) ” -Value

Health status
Healthy 146 (56.8) 7.26 + 6.87 ¢
Diabetes mellitus (DM) 57 (22.2) 11.43 4 8.882d 0.0001 *+
Arterial hypertension (AH) 29 (11.3) 10.79 4+ 7.72 0 ’
DM and AH 17 (6.6) 18.11 + 9.57 bed
Others ** 8 (3.1) 11.75 £ 9.22

* Beck Depression Inventory II; ** gastrointestinal, musculoskeletal, or thyroid disorders; * Mann-Whitney U test;
* Kruskal-Wallis test; *9 there is a statistically significant difference between identical letters.

3.2. Association of Demographic and Clinical Characteristics with Depressive Symptoms

The mean depressive symptom score was calculated from the BDI-II scores. It was
found that male participants had lower BDI-II scores than female participants (p = 0.0003;
z = —3.64; statistical power = 99%). Additionally, adults aged under 40 years had a lower
BDI-II score than adults aged 40 to 65 years (p = 0.005) and adults aged over 65 years
(p <0.0001) (p = 0.0001; df = 2; x> = 26.39). Unmarried participants reported lower BDI-II
scores than married or widowed/divorced participants (p = 0.0001; df = 2; x> = 18.45),
and participants with a high school education had lower BDI-II scores than those with
no education (p < 0.001) or elementary school education (p < 0.001) (p = 0.0001; df = 4;
x? = 31.763). Regarding health status, it was found that individuals with DM and AH as
comorbidities had higher BDI-II scores than healthy subjects (p < 0.0001) and individuals
with DM (p = 0.019) or AH (p = 0.021) (p = 0.0001; df = 3; x> = 34.27) (Table 1).

3.3. Risk Analysis Between Demographic and Clinical Characteristics with Depressive Symptoms

Based on cases (subjects with depressive symptoms) and controls (healthy subjects),
no significant differences were found between marital status and educational level as risk
factors for presenting depressive symptoms (p > 0.05). However, it was found that females
were three times more likely to be in the group with depressive symptoms than males
(p = 0.004; odds ratio (OR): 3.08; 95% confidence interval (CI): 1.42-6.65). Additionally,
adults aged 40 to 65 were twice as likely to experience depressive symptoms as those under
40 (p = 0.026; OR: 2.19; 95% CI: 1.09-4.57). Additionally, adults over 65 were five times more
likely to experience depressive symptoms than individuals under 40 (p < 0.001; OR: 5.71;
95% CI: 2.45-13.30). Finally, regarding health status, it was found that individuals with
type 2 DM had twice the risk of being in the group with depressive symptoms compared
with healthy subjects (p = 0.025; OR: 2.38; 95% CI: 1.11-5.11). Of note, the risk of depressive
symptoms increased twelvefold when participants had DM and AH as comorbidities
(p <0.001; OR: 12.25; 95% CI: 4.05-37.01).

3.4. Genotypic Distribution of C-1019G Polymorphism in the 5-HT1A Receptor Gene

The genotype distribution was as follows: G/G (n = 33, 12.84%), C/G (n = 134, 52.14%),
and C/C (n = 90, 35.02%) (Table 2). The genotype frequencies were consistent with the
Hardy-Weinberg equilibrium (p = 0.275, x> = 2.58).
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Table 2. Genotype and recessive model frequencies for the C-1019G (rs6295) polymorphism of the
5-HT1A receptor gene between control and depressive symptom groups.

Genotype Recessive Model
Entire population (N = 257) G/G C/G (C/C p G/G+G/C C/C p
Controls (N = 202) 25 102 75 0.397 * 127 75 0174 *
Individuals with depressive symptoms (N = 55) 8 32 15 ) 40 15 '
Females (N = 172)
Controls (N = 126) 16 65 45 0.645 * 81 45 0.705 *
Individuals with depressive symptoms (N = 46) 4 27 15 : 31 15 :
Males (N = 85)
Controls (N =76) 9 37 30 0.010 * 46 30 0.019 *
Individuals with depressive symptoms (N = 9) 4 5 0 ) 9 0 '

* chi-square test.

3.5. Analysis of Genotype Frequencies and Recessive Model of the C-1019G Polymorphism in
Control and Depressive Symptom Groups

No significant differences were observed in the distributions of the C/C, C/G, and
G/G genotypes of the C-1019G polymorphism between the group with depressive symp-
toms and the control group in the overall study population (p = 0.397). Similarly, no
significant differences were observed in the recessive model (G/G + C/G vs. C/C) analysis
(p = 0.174; statistical power = 99.7%). In the sex-stratified analysis, no significant differences
were observed in females for either genotype frequencies (p = 0.645; statistical power =
97.2%) or the recessive model (p = 0.705). However, in males, the C/C genotype was ob-
served exclusively in the control group (p = 0.010), and this difference remained significant
under the recessive model (p = 0.019; statistical power = 100%). Conversely, no significant
association was observed between the G/G genotype and depressive symptoms (p > 0.05)
(Table 2).

4. Discussion

Our results demonstrate a substantial relationship between demographic, clinical, and
biological characteristics as determinants of depressive symptoms. First, we observed that
male participants had a lower BDI-II score than female participants; additionally, female
participants were three times more at risk of developing depressive symptoms than male
participants. The sex difference between male and female patients can be explained by
several biological, psychological, and social factors. MDD occurs approximately twice as
often in females as in males [20]. Global estimates further support this pattern, reporting
201.27 million cases of depression in females compared with 131.14 million in males in
2021 [1]. This female predominance is observed from early adulthood through to old age,
with higher prevalence and incidence rates reported in females across the lifespan [21,22].
From a biological perspective, sex differences have been partially attributed to genetic and
hormonal factors [21]. The heritability of depression is estimated at 30-40%, with some
evidence suggesting a stronger genetic vulnerability in females than in males [23]. Addi-
tionally, the activational effects of sex hormones beginning at puberty play a crucial role;
hormonal fluctuations during puberty and other reproductive transitions are associated
with an increased risk of depression in females, particularly in those with early pubertal
timing or more advanced pubertal stages [21]. Of note, fluctuations in reproductive hor-
mones may alter GABAergic regulation of the hypothalamic—pituitary—adrenal (HPA) axis,
further contributing to emotional vulnerability in females [21,24]. However, biological
explanations alone are insufficient. Psychosocial and cultural factors also play a significant
role. Females are disproportionately exposed to stressors such as gender-based violence,
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including coercive, sexual, and severe physical partner violence, which are strongly associ-
ated with depression risk [25]. Structural inequalities, including limited access to economic
resources and persistent gender discrimination, further exacerbate this vulnerability [25].
Despite our results, depressive symptoms in males should not be overlooked. Several
studies have examined sex differences in the close relationship between depression and
suicide. Ili¢ et al. [26] found that suicide mortality was higher among males than females
across all age groups in the Serbian population. Furthermore, the WHO reports that the
global suicide rate is 2.2 times higher in men than in women [27]. Moreover, Rice and
Sher [28] found that social distancing and substance use can significantly increase the risk
of suicide among adolescent males compared with their female peers.

We found that older subjects had higher BDI-II scores and a greater risk of experiencing
depressive symptoms. These results are consistent with previous findings. Yang et al. [29]
calculated that the risk of depression was higher in individuals aged 45 to 49 years than in
those in their mid-late 20s. Panza et al. [30] found that in elderly individuals, depression
was the second most common psychiatric disorder, and Hu et al. [31] calculated that the
global prevalence of depression among elderly individuals was as high as 28.8%. Moreover,
old age is associated with various health problems, such as chronic pain, Parkinson’s
disease, DM, heart disease, stroke, chronic physical conditions, and other high-risk illnesses,
which can affect the mental state of older adults and are highly correlated with geriatric
depression [1,31,32]. These findings contrast with those of Kessler et al. [33], who observed
that recent and lifetime major depressive episodes were significantly less frequent among
U.S. adults aged 65 and older than among their younger counterparts. Additionally, they
noted that the prevalence and severity of mental disorders generally declined with age.

The results show that unmarried participants had fewer symptoms of depression
than married or widowed/divorced participants. This result contrasts with Buckman
et al. [34], who evaluated the improvement of depression in adults under treatment, finding
that unmarried participants had a worse prognosis of depression remission than married
ones. Furthermore, two reviews reported better prognoses of depression for married
individuals [35,36].

Regarding our results on educational level and depressive symptoms, we found that
participants with a high school education had lower BDI-II scores than those with no
formal education. This finding is supported by research that has established a strong
correlation between educational attainment and cognitive function. Educational level not
only impacts an individual’s susceptibility to depression but also influences their spouses
and parents [37].

In this study, it was found that the co-occurrence of DM and AH increased the risk
of depressive symptoms. This finding aligns with that of previous research, such as
Read et al. [38], who reported that individuals with multimorbidity had twice the risk
of developing a depressive disorder compared to those with a single chronic condition
and nearly three times the risk compared to those without any chronic physical illness.
The pathway from multimorbidity to depression may be mediated by factors such as
increased symptom burden, functional disability, reduced quality of life, chronic pain,
illness perceptions, and coping strategies [39-41]. Furthermore, metabolic and immune-
inflammatory dysregulation, which are prevalent in many chronic diseases, have also been
linked to depression [38,42].

Regarding biological factors, we found that the C/C genotype of the C-1019G poly-
morphism was present exclusively in males without depressive symptoms (the control
group). These findings are consistent with those of previous studies. Takekita et al. [43]
showed that carriers of the C allele of the C-1019G polymorphism experienced significantly
greater improvement in depressive symptoms than those carrying the G allele. However,
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the results of other studies contrast with our findings. For example, Pawlowski et al. [14]
reported that adult patients with chronic hepatitis C virus infection who carried the C/C
genotype exhibited the highest baseline depression scores and the greatest increase in de-
pressive symptoms during interferon treatment in a Polish cohort. Additionally, Galvao-de
Almeida et al. [44] demonstrated an association between the C/C genotype of the C-1019G
polymorphism and a clinical diagnosis of depression.

No association between the G/G genotype and depressive symptoms was found.
This contrasts with previous studies that identified the G/G genotype as a risk factor
for depression [45,46]. Moreover, Kraus et al. [47] reported that homozygosity for the
G allele predisposed patients to depression. Similarly, Cozzolongo et al. [43] observed
that patients carrying the G allele experienced greater depressive symptoms before and
during interferon treatment, while Herndndez-Diaz et al. [49] found that carriers of the
G/G genotype exhibited an increased risk of suicidal behavior in the general population.

The genotype frequencies observed in our study differ significantly from those re-
ported in populations from Tabasco (Mexico), China, India, Austria, Belgium, France, Italy,
Israel, South Korea, Poland, Turkey, and Iran (p < 0.05) (Table 3). These results indicate that
the genotype frequencies in our study population differ from those in other populations
previously linked to depressive symptoms. Conversely, the allele frequencies are similar
to those reported in populations from Tabasco (Mexico), India, Austria, Belgium, France,
Italy, Israel, and Turkey (Table 3). Research on the C-1019G (rs6295) polymorphism of the
5-HT1A receptor gene in Latin America remains scarce, as most published studies have
focused on European and Asian populations. Consequently, this study in a Mexican cohort
represents one of the first to specifically analyze this polymorphism in the region.

Table 3. Genotypic and allelic frequencies of the rs6295 polymorphism of the 5-HT1A receptor gene
in different populations with depressive symptoms.

Region/Country ;/S C/? G/OG Chi? Allelic Frequency Chi? Reference
(%) N (%) N (%) p-Value C Allele G Allele p-Value
Veracruz, México 90 (35.02) 134 (52.14) 33 (12.84) 0.611 0.389 This study
Tabasco, México 152 (36.54) 183 (43.99) 81(1947)  647,p=0039 0622 0378  0.03,p=0.873 [50]
China 73(6.40) 425 (37.24) 643 (56.36) 241.14,p<0001 025 075  26.58,p<0.001 [51]
China 361 (62.35) 185(31.95) 33(570)  55.15,p<0001 0783 0217  6.93,p=0.008 [52]
India 61(58.0)  32(31.0) 11(11)  1755p<0.001 074 026  3.8,p=0051 [53]
Multicenter study
(A‘;i:;i'e Bftlagll;m 57(23.55) 120 (49.6)  65(26.85) 18.19,p<0.001 0483 0517  3.31,p=0.069 [54]
Israel)
Ttaly 28(25.22) 51 (4596) 32(28.82) 14.13,p=0.001 0481 0519  3.41,p=0.065 [55]
Republic of Korea ~ 12(322) 127 (34.13) 233 (62.65) 195.73,p<0.001 0203 0797  34.49,p<0.001 [56]
Austria 18(2222)  41(50.61) 22(27.17)  1095,p=0004 0475 0525  3.73,p=0.054 [11]
Poland 92 (20.04) 248 (54.04) 119 (2592) 27.94,p<0.001 047 053  4.0,p=0.045 [57]
Turkey 137 (33.82) 179 (4420) 89 (21.98)  9.28,p=0.01 0.56 044  0.54,p=0.464 [58]
Iran 40 (10.13)  175(4430) 180 (45.57) 101.46,p<0.001 0322 0678 1671, p <0.001 [59]

The observed differences in genotype and allele frequencies between populations are
unsurprising and may reflect distinct ancestries, demographic history, and evolutionary
processes such as genetic drift, migration, and natural selection. Human populations ex-
hibit distinct allele frequency distributions that have been shaped by historical geographic
isolation, founder effects, and admixture. These factors are particularly relevant in the
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Mexican population, which is characterized by a complex genetic background resulting
from varying proportions of Native American, European, and African ancestries. Conse-
quently, differences in genetic structure between populations may account for the variability
observed in the distribution of the rs6295 polymorphism across studies [60].

This study has several limitations. First, our findings may vary across populations,
underscoring the need for future research that integrates biological, psychological, and
social dimensions to better understand the mechanisms underlying depressive symptoms.
Second, although we adjusted for various potential confounders, residual confounding
cannot be entirely ruled out. Third, it is important to note that the BDI-II was used to assess
depressive symptoms rather than to establish a clinical diagnosis of depression. Finally,
although our sample size provided adequate statistical power for the analyses, larger
samples are generally preferred in genetic association studies to improve the precision of
effect estimates and enhance the robustness of the findings. Therefore, future studies with
larger cohorts and more diverse genetic backgrounds are needed to validate our results.

5. Conclusions

This preliminary study highlights the multifactorial nature of depression, demonstrat-
ing that social and biological determinants significantly contribute to depressive symptoms
in a rural population, a group historically underrepresented in the literature. In this Mexi-
can cohort, female sex, older age, and the presence of comorbidities were associated with
an increased risk of depressive symptoms. The analysis suggested that the C/C genotype
may confer a protective effect against depressive symptoms in males; however, given the
small sample size of male participants, this finding should be interpreted with caution.
Finally, the genotypic distribution of this study population differed from that of European
and Asian populations.
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