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Purpose: Major depressive disorder (MDD) is a widespread mental health condition with significant global impact. Exploring the
gender differences in the interplay between thyroid function, aggression, and impulsivity offers valuable insights into its multifactorial
nature and management.

Patients and Methods: A cross-sectional study was conducted at Anhui Mental Health Center and included 113 MDD patients (56
males, 57 females) and 102 healthy controls (45 males and 57 females). Thyroid function was assessed through serum thyroid
hormone levels, and impulsivity and aggression were measured using the Buss-Perry Aggression Questionnaire (BPAQ) and Barratt’s
Impulsiveness Scale version 11 (BIS). Potential confounding factors such as age, education, and Hamilton Depression Rating Scale
(HAMD) scores were adjusted for.

Results: Both male and female MDD patients showed significant changes in serum thyrotropin levels (F(1,213)=10.996, p=0.001),
impulsivity (F(1,213)=151.521, p<0.05), and aggression (F(1,213)=44.411, p<0.05) compared to healthy controls. MANCOVA
revealed significant differences in attentional impulsivity, motor impulsivity, physical aggression, anger, hostility, and self-directed
aggression (all p<0.05). Moreover, significant differences between genders were observed in these areas (all p<0.05). In males, TSH
levels were inversely related to several behavioral dimensions (all p<0.05), while no such correlation was found in females.
Conclusion: This study highlights the role of thyroid function, especially TSH levels, in influencing impulsivity and aggression in
male MDD patients, suggesting a gender-specific physiological-behavioral relationship. The findings contribute to the development of
gender-specific treatment strategies. In the future, longitudinal studies with larger sample sizes should be conducted to explore
molecular mechanisms for more personalized treatments.
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Introduction

Major depressive disorder (MDD) is a primary contributor to global disability, impacting upwards of 300 million
individuals." Amidst improvements in living standards, MDD has emerged as a substantial health concern due to its
high incidence, recurrence, and disability rates, while imposing a considerable economic burden.? However, the under-
lying pathophysiological mechanisms remain poorly understood. Management of the acute phase of MDD has improved
over the past years, but its long-term treatment remains suboptimal, involving inadequate medication dosage and
duration, recurrent and unwarranted modifications to drug therapy, and poor treatment adherence.” Antidepressants
utilized in clinical settings mainly function by targeting neurotransmitters such as monoamine, serotonin, and

noradrenaline.* This approach addresses certain biochemical aspects of MDD; however, numerous research studies
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have reported that MDD is a multifaceted disorder, involving disturbances in neuroendocrine systems and immune-
inflammatory and metabolic abnormalities, suggesting the necessity for comprehensive treatment strategies.”

Numerous brain-centric mechanisms have been postulated for this multifaceted disease, emphasizing disruptions
within the hypothalamus-pituitary-thyroid (HPT) axis, modifications in thyroid hormone (TH) synthesis and regulation,
and subsequent implications on neuroplasticity and neural circuit functionality.®® HPT axis dysfunction influences both
physiological and psychological aspects of health and behavior.” Emotional and psychotic symptoms may be precipitated
through possible disruptions in metabolic processes and intracellular signaling pathways, and personality traits like
impulsivity and aggression are altered.'” Therefore, investigating the specific dynamics through which this dysfunction
modulates such behaviors in the context of MDD holds significance.'"'* Research shows a complex link between MDD,
aggression, and impulsivity.'> About one-third of MDD patients show signs of aggression, shifting the typical view of
MDD away from only psychomotor inhibition to include visible behavioral changes like anger attacks.'*'> Nonetheless,
aggression and impulsivity are not only symptoms but also affect the progression of the condition, requiring further study
to understand how they influence each other.

The multifaceted nature of MDD invites consideration of various physiological mechanisms, particularly the potential
influence of thyroid function abnormalities on behavior.'® Recent studies have found that thyroid dysfunction, particu-
larly elevated thyroid peroxidase antibodies (TPOAD) and thyroglobulin antibodies (TGAD), is significantly associated
with an increased risk of suicidal behavior in MDD patients.'”'® This suggests that impulsivity and aggression, potential
traits of suicidal behavior, may be linked to thyroid abnormalities. An emerging hypothesis posits that thyroid dysfunc-
tion, notably in thyroid stimulating hormone (TSH) and thyroxine (T4) levels, may be intricately tied to escalated
impulsivity and aggression observed in MDD.'*?® While neuroinflammation and oxidative stress have been traditionally
implicated in MDD’s pathophysiology, the exploration of neuroendocrine dimensions.”’ Specifically, the interplay
between hormonal levels and behavioral manifestations introduces a novel frontier in comprehending and potentially
targeting aggressive and impulsive behaviors in the context of depressive disorders.

Notably, the interaction between thyroid function and gender differences in MDD has received limited attention.
Understanding how thyroid dysfunction manifests differently in men and women is essential, as thyroid issues are known
to affect mood and behavior in gender-specific ways.?***> The gap in the literature lies in the insufficient exploration of
how thyroid function, particularly TSH and T4 levels, is associated with aggressive and impulsive behaviors in MDD,
with gender differences remaining underexamined. This observational study aims to address this gap by examining how
thyroid function relates to these behaviors in MDD patients, with a focus on gender differences.

Material and Methods

Participants

A total of 113 individuals (56 males, 57 females) diagnosed with MDD according to the Diagnostic and Statistical
Manual of Mental Disorders (DSM-1V) and in good physical health were recruited between 2018 and 2021. The
diagnostic evaluations were carried out by two experienced psychiatrists. Patients with a 17-item Hamilton Rating
Scale for Depression (HAMD-17) score >18 were included in the study, indicating moderate to severe depressive
symptoms. The exclusion criteria were: (1) Patients with other severe somatic or known thyroid diseases, including
hyperthyroidism, hypothyroidism, and Hashimoto’s thyroiditis; (2) Those suffering from severe nervous system dis-
orders; (3) alcohol or drug abuse or dependence; (4) pregnancy or breastfeeding. Additionally, subjects with abnormal
thyroid function were excluded from participation.

Meanwhile, 102 (45 males, 57 females) healthy controls were recruited from local communities. The healthy controls
were thoroughly evaluated by the research psychiatrist, excluding any lifetime psychiatric disorders. Unstructured
psychiatric interviews were conducted with healthy controls to identify and eliminate Axis I disorders. Subjects with
current mental health issues, psychiatric histories, and family psychiatric histories were excluded. A thorough medical
history and physical examination were conducted to ensure that all subjects were in good physical health. Study
participants with severe medical problems, histories of organic brain diseases, substance abuse, or dependence within
six months before the study were also excluded.
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The sample size was determined based on our previous study.?* This cross-sectional study was conducted at the
Anhui Mental Health Center. The research protocol was approved by the Medical Ethics Review Committee of the Anhui
Mental Health Center (83230230), and all the subjects provided signed informed consent. In addition, the study was
conducted in accordance with the Declaration of Helsinki. This study aimed to examine the relationship between thyroid
function, aggression, and impulsivity in MDD patients and explore potential gender differences.

Clinical Measures

Each subject filled out a detailed questionnaire, including information about their age, gender, education level, marital
status, and medical and psychological conditions. Data on the onset of illness, duration of illness, and hospitalizations of
patients were also obtained by consulting their medical records and by interview. The severity of depression was assessed
using the HAMD-17. Two blinded psychiatrists used an appropriate scale to evaluate the participants’ psychopathology.
Specially, an interobserver correlation coefficient exceeding 0.8 was obtained after repeated assessments of HAMD-17
total scores.

Serum THs Level Assessments

Peripheral blood samples were collected after subjects had undergone an overnight fast of 8 hours. The electrochemical
luminescence method (Roche company Cobas E601 automatic immunoassay) was utilized to measure the TSH, free
tritodothyronine (FT3), and free thyroxine (FT4) levels. The reference interval of TSH was 0.27—4.2 mIU/L. The

reference interval of FT4 values was 12-22 pmol/L. The reference interval of FT3 values was 3.1-6.8 pmol/L.>*?*

Assessment of Aggression and Impulsivity

Aggression and impulsivity were the co-primary outcome measures. The Chinese version of the Buss-Perry Aggression
Questionnaire (BPAQ)*° and Barratt’s Impulsiveness Scale version 11 (BIS) were used to assess trait aggression and trait
impulsivity. The BPAQ comprises 30 self-reported questionnaire items, measuring five domains of aggression: physical
aggression (seven items), verbal aggression (five items), anger (six items), hostility (seven items), and self-aggression
(five items). Each item is rated on a 5-point Likert scale ranging from 1 (“extremely uncharacteristic of m”) to 5
(“extremely characteristic of me”). The score for each sub-scale was calculated by summing the scores of the
corresponding items, with higher scores indicating higher levels of aggression.

The Barratt Impulsiveness Scale-version 11 (BIS-11), a self-reported measure, was utilized to evaluate impulsive
traits.”” This 30-item scale consists of three subscales: attentional impulsivity, motor impulsivity, and non-planning
impulsivity. The scale assesses impulsivity, with higher scores indicating stronger impulsivity. Participants rate them-
selves on statements using a 4-point scale: rarely/never, occasionally, often or almost always. Both the BPAQ and BIS-
11 have been applied in Chinese patient populations,”®*’ demonstrating their validity and reliability in this context.

Statistical Analysis

The skewness-kurtosis test was used to assess the normality of data distribution before proceeding with further statistical
analyses. Continuous variables conforming to a normal distribution were presented as the means £ SD, continuous
variables not conforming to a normal distribution were presented as median (interquartile range), and categorical
variables were displayed as percentages.

In the analysis comparing the BIS-11 and BPAQ assessments, age and education were included as covariates in the
multivariate analyses of covariance (MANCOVA). The purpose was to examine significant gender differences across the
dependent measures, including the total score and subscales of the BIS-11 and BPAQ. The independent predictors
considered in the analysis included gender (male vs female), diagnosis (patients vs healthy controls), and the interaction
between gender and diagnosis. Group comparisons between demographic characteristics and clinical variables among
male and female patients were conducted by using two-sample t-tests for continuous variables and chi-square tests for
categorical variables. Bonferroni correction was applied in the post hoc analyses to control for the increased risk of Type
I errors due to multiple comparisons.
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To determine the relationship between thyroid function (TSH, FT3, FT4) and total scores, as well as the subscales, of
BIS-11 and BPAQ, separate multiple regression analyses using stepwise forward entry were conducted for males and
females. These analyses were adjusted for age, education, and HAMD-17 total score. Two-tailed significance levels were
set at 0.05. Statistical analysis was performed using SPSS 19.0.

Results

Characteristics of Subjects

A total of 113 patients with MDD and 102 healthy controls (HCs) were recruited. The demographic data are shown in
Table 1. No significant sex differences were observed between HCs and MDD patients in terms of age (F;, 2,3 = 0.915,
p = 0.340) and education (F;, »;3 = 0.198, p = 0.657).

Symptom Profiles in MDD Patients

No significant results were observed in terms of age ( = 0.817, p = 0.416), education (¢ = 1.199, p = 0.233), marriage (2
=0.071, p = 0.790), recurrence (y2 = 0.008, p = 0.928), age of onset (= 0.087, p = 0.931), and HAMD-17 total scores (-
= 1.761, p = 0.080) (Table 2).

Thyroid Function in MDD Patients and Healthy Controls

MANCOVA revealed significant differences in TSH levels between the patient group and the control group (£ 23 =
10.996, p = 0.001, partial n> = 0.062). Moreover, sex effects in FT3 (F; 53 = 23.866, p < 0.001, partial n> = 0.116) and
TSH levels (F;2,3 = 8.019, p = 0.005, partial n> = 0.039).

Table | Demographics, BIS, BPAQ Total Scores in MDD Patients and Healthy Controls Grouped by Sex

MDD Patients Healthy Controls Diagnose Sex Diagnose*Sex
F (p-value)® F (p-value)® F (p-value)
Male (n=56) Female (n=57) Male (n=45) Female (n=57)

Age (years) 30.3+11.2 28.6+10.5 32.1+8.0 31.2485 2.767(0.098) 0.915(0.340) 0.088(0.766)

Education (years) | 13.842.9 13.1£2.8 15.1£2.2 15.5£1.8 28.864(<0.001) 0.198(0.657) 2.070(0.152)

FT3 4.81£0.50 4.4£0.5 4.610.6 4.4£0.4 0.295(0.588) 23.866(<0.001) 3.462(0.064)

FT4 16.4£2.7 15.742.6 16.742.2 16.74£2.9 1.303(0.255) 0.991(0.321) 0.390(0.533)

TSH 1.9(1.1, 2.2) 2.2(1.4, 3.1) 2.0(1.7, 2.2) 2.3(1.9, 3.4) 10.996(0.001) 8.019(0.005) 1.729(0.190)

BIS-total score | 94.0(88.0, 100.0) | 93.0(84.0, 99.0) 96.0(91.5, 101.0) | 97.0(92.5, 102.0) | 51.521(<0.001) 3.496(0.063) 0.655(0.419)

Attentional 33.4+54 31,1452 30.6+2.6 30.7+2.7 8.705(0.004) 3.071 (0.081) 3.782(0.053)

impulsivity

Motor 27.1£5.7 25.9+4.8 21.5+7.0 19.4£2.7 71.141(<0.001) 1.296(0.256) 0.712(0.400)

impulsivity

Non-planning 30.9+7.7 30.1£7.8 29.2+3.8 29.4+3.3 5.627(0.019) 0.011(0.915) 0.140(0.708)

impulsivity

BPAQ-total 747+19.9 65.5£17.9 56.5£14.8 51.5£12.3 44.411(<0.001) 9.170(0.003) 0.762(0.384)

score

Physical 16.24£5.2 12.6+4.1 13.3£3.6 11.6£3.3 10.458(0.001) 20.547(<0.001) 2.584(0.109)

aggression

Verbal aggression | 11.8+3.7 10.843.6 11.1£3.3 9.943.1 3.352(0.069) 4.382(0.038) 0.023(0.880)

Anger 14.9+5.6 15.1£5.4 11.4£4.0 11.744.2 20.420(<0.001) 0.169(0.681) 0.002(0.960)

Hostility 20.2%5.5 16.3£5.6 12.8+4.6 11.3£2.9 79.729(<0.001) 15.998(<0.001) 2.953(0.087)

Self-directed 9.0(6.0, 14.0) 8.0(6.0, 10.3) 7.0(6.0, 9.5) 6.0(5.0, 8.0) 49.417(<0.001) 4.206(0.042) 0.024(0.878)

aggression

Notes: “The p-values for all cognitive tests were adjusted for education as covariate.
Abbreviations: FT3, free Triiodothyronine; FT4, free thyroid stimulating hormone; TSH, thyroid stimulating hormone. BIS, Barratt Impulsiveness Scale; BPAQ, Buss-Perry
Aggression Questionnaire; MDD, major depressive disorder.
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Table 2 Sex Differences of Clinical Characteristics in Patients with MDD Mean + SD

Male (n=56) Female (n=57) | tor y2 | P-value
Age (years) 30.27 £ 11.20 | 28.60 + 10.54 0817 0.416
Education (years) 13.79 £ 2.90 13.14 + 2.83 1.199 0.233
Married (n %) 35 (62.5%) 37 (64.9%) 0.071 0.790
Recurrence (n %) 27(48.2%) 27 (47.4%) 0.008 0.928
Age of onset (years) 29.05 + 1041 | 28.89 * 10.32 0.087 0.931
HAMD-17 total scores | 21.19+5.55 22.56+6.06 —1.761 0.080

Abbreviations: HAMD-17, 17-item Hamilton Rating Scale for Depression; SD, standard deviation.

Sex Differences in Aggression and Impulsivity in Different Groups

As shown in Table 1, MANCOVA indicated significant differences between patients and controls after adjusting for age
and education. Specifically, significant group differences were observed in attentional impulsivity (F; 2,3 = 8.705, p =
0.004, partial n?> = 0.040), motor impulsivity (F;, 2,3 = 36.999, p < 0.001, partial n?> = 0.150), non-planning impulsivity
(Fa, 213 = 5.627, p = 0.019, partial n> = 0.026), BIS-total scores (F;, >3 = 41.899, p < 0.001, partial n> = 0.060),
physical aggression (F;, ;3 = 10.458, p = 0.001, partial n*> = 0.048), anger (F(;, »;3 = 20.420, p < 0.001, partial n*> =
0.089), hostility (F;, 273 = 79.729, p < 0.001, partial n* = 0.276), self-directed aggression (F; »;3 = 49.417, p < 0.001,
partial 12 = 0.191), and BPAQ total scores (F; 23 = 44.411, p < 0.001, partial n> = 0.175). In the gender subgroup
analysis, significant differences in physical aggression (F; ;3 = 20.547, p < 0.001, partial n* = 0.090), verbal
aggression (F; 273 = 4.382, p = 0.038, partial n> = 0.21), hostility (F(;, »;3 = 15.998, p < 0.001, partial n> = 0.090), self-
directed aggression (F;, 23 = 4.206, p = 0.042, partial n* = 0.020), and BPAQ total scores (F; 2,3 = 9.170, p = 0.003,
partial n? = 0.042) were observed.

Correlations of Thyroid Function with Impulsivity and Aggression in Male and Female
MDD Patients

Multiple linear regression analyses were conducted for male and female patients, with the impulsivity and aggression
measures (total and subscale scores) as dependent variables. The serum levels of thyroid hormones were set as
independent variables, while age, education duration, and HAMD scores were included as covariates.

In male patients, TSH levels were inversely associated with motor impulsivity (§ = —0.359, ¢t = —2.712, p = 0.009)
(Table 3). Further multivariate regression analyses revealed a negative association between the TSH levels and hostility

Table 3 Impact of Thyroid Function on Impulsivity in Male MDD Patients

Variables | B 95% ClI t P
Lower limit | Upper limit

BIS-total score Age 0.087 | -0.218 0.408 0.610 | 0.408
Education | 0.610 | —0.634 1.853 0.985 | 0.329
HAMD 0.067 | —0.641 0.774 0.189 | 0.851
FT3 —3.028 | —10.428 4.372 —0.822 | 0415
FT4 —0.565 | —1.862 0.733 —0.875 | 0.386
TSH —2.084 | —5.502 1.333 —1.226 | 0.226
Motor impulsivity Age 0.070 | —0.101 0.173 0.526 | 0.602
Education | 0.187 | —0.175 0913 1.364 | 0.179
HAMD —0.333 | —0.660 —0.041 —2.273 | 0.027
FT3 —0.120 | —4.610 1.865 —0.852 | 0.398
FT4 0.063 | —0.436 0.699 0.465 0.644
TSH —0.359 | -3.513 —0.523 —2.712 | 0.009
(Continued)
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Table 3 (Continued).

Variables | f 95% CI t P
Lower limit | Upper limit

Attentional impulsivity Age —0.096 | —0.190 0.094 —0.673 | 0.504
Education | 0.065 | —0.439 0.689 0.446 | 0.657
HAMD 0.112 | -0.207 0.434 0.711 0.481
FT3 —0.084 | —4.285 2.429 —0.556 | 0.581
FT4 —0.195 | —0.985 0.193 —1.352 | 0.183
TSH —0.048 | —1.809 1.292 —0.335 | 0.739

Non-planning impulsivity | Age 0.188 —0.061 0.318 1.362 0.179
Education | 0.122 | —0.429 1.075 0.863 0.393
HAMD 0.174 | —0.183 0.673 1.151 0.255
FT3 —0.049 | —5.234 3.724 —0.339 | 0.736
FT4 —0.142 | —1.187 0.384 —-1.027 | 0.309
TSH 0.013 | —1.970 2.167 0.096 | 0.924

Abbreviations: FT3, free Triiodothyronine; FT4, free thyroid stimulating hormone; TSH, thyroid stimulating hormone;
HAMD, Hamilton Rating Scale for Depression; BIS, Barratt Impulsiveness Scale.

(p =—0.445, t = —3.513, p = 0.001), self-directed aggression (f = —0.349, ¢ = —2.600, p = 0.012), and the BPAQ total
scores (f = —0.394, t = —3.003, p = 0.004) (Table 4). In the female patients, no significant associations were found
between thyroid function and the scores on the BIS-11 and BPAQ scores (all p >0.05).

Table 4 Impact of Thyroid Function on Aggression in Male MDD Patients

Variables | B 95% CI t P
Lower limit | Upper limit

BPAQ-total score Age 0.076 —0.0339 0.608 0.572 0.570
Education | 0.150 | —0.842 2918 1.109 | 0.273
HAMD 0.034 | -0.945 1.195 0.234 | 0.8l6
FT3 0.002 | —11.118 11.268 0.014 | 0.989
FT4 0.110 | —1.155 2.770 0.827 | 0412
TSH —0.394 | —12.893 —2.556 —3.003 | 0.004
Physical aggression Age 0.058 —0.101 0.173 0.526 0.602
Education | 0.131 —0.089 0.144 0.470 | 0.64l
HAMD 0.283 —0.225 0.699 1.031 0.308
FT3 0.090 | 0.008 0.535 2.074 | 0.043
FT4 0.086 | —1.813 3.689 0.685 0.496
TSH -0.379 | -0.317 0.647 0.687 | 0.495
Verbal aggression Age 0.187 —0.032 0.155 1.323 0.192
Education | 0.061 —0.294 0.450 0.421 0.676
HAMD -0.102 | —0.281 0.142 —0.658 | 0.514
FT3 —0.109 | -3.019 1.409 —0.731 | 0.468
FT4 0.087 | —-0.269 0.507 0.615 0.541
TSH -0.242 | —-1.900 0.144 —-1.726 | 0.091
Anger Age -0.062 | —-0.172 0.110 —0.437 | 0.664
Education | —0.028 | —0.613 0.507 —0.191 | 0.849
HAMD -0.009 | —0.328 0.309 —0.061 | 0.952
FT3 —0.076 | —4.176 2.490 —0.508 | 0.614
FT4 0.170 | -0.237 0.932 1.196 | 0.237
TSH —0.224 | —2.767 0.311 —1.603 | 0.115
(Continued)
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Table 4 (Continued).

Variables | B 95% CI t P
Lower limit | Upper limit

Hostility Age 0.133 —0.061 0.192 1.039 | 0.304
Education | 0.194 | —0.131 0.874 1.484 | 0.144
HAMD 0.084 | —0.201 0.371 0.598 | 0.553
FT3 0.0l6 | —2.814 3.172 0.120 | 0.905
FT4 0.010 | —0.505 0.544 0.075 0.941
TSH —0.445 | —3.798 —-1.034 —-3.513 | 0.00I

Self-directed aggression | Age 0.020 —0.119 0.138 0.146 0.884
Education | 0.254 | —0.041 0.975 1.848 | 0.071
HAMD —0.076 | —0.365 0.217 —0.510 | 0.612
FT3 —0.010 | -3.139 2.923 —0.072 | 0.943
FT4 0.086 | —0.361 0.697 0.637 | 0.527
TSH —0.349 | —3.265 —0.418 —2.600 | 0.012

Abbreviations: FT3, free Triiodothyronine; FT4, free thyroid stimulating hormone; TSH, thyroid stimulating hor-
mone; HAMD, Hamilton Rating Scale for Depression; BPAQ, Buss-Perry Aggression Questionnaire.

Discussion

To the best of our knowledge, this study was the first to conduct a subgroup analysis based on gender to investigate the
relationship between thyroid function and behavioral manifestations, such as aggression and impulsivity traits, in patients
with MDD. The primary findings of this study include: (1) Significant differences in TSH levels between MDD patients
and healthy controls were observed, with marked gender-related variations, particularly in FT3 and TSH levels. (2)
Significant sex differences were identified in several domains of aggression and impulsivity were found between the male
and female groups, as determined by the BIS-11 and BPAQ. (3) In male MDD patients, our multivariate regression
analysis revealed that TSH levels could predict impulsivity and aggressive behaviors, underscoring a notable relationship
between thyroid function and behavioral outcomes. This specific relationship was not discernible in female MDD
patients. These findings suggest that assessing and managing thyroid function in a gender-specific manner could be
crucial for addressing behavioral issues in MDD patients.

In the present study, thyroid function, particularly regarding TSH and FT3 levels, emerged as a significant difference
between MDD patients and healthy controls. Our findings indicate that MDD patients exhibited significantly lower serum
TSH levels compared to HCs, which was consistent across both genders, reflecting the results of previous research
findings.?® One potential explanation for the lower TSH levels observed in MDD patients, particularly in males, may
involve a decreased sensitivity to TRH stimulation in the male demographic. This phenomenon has been observed in
previous studies, suggesting a unique neuroendocrine profile in males with MDD.?' Furthermore, the interaction between
thyroid hormones and serotonin is a critical area to explore. Both thyroid hormones and serotonin play essential roles in
regulating mood and behavior, and disturbances in their interplay could exacerbate behavioral symptoms such as
impulsivity and aggression.’*”> An extensive, community-based study reported similar findings, revealing lower
serum TSH concentrations were lower in males compared to females MDD patients.** This gender-based difference
could also be associated with the divergent effects of thyroid hormones on the central nervous system, with estrogen in
females possibly conferring protective effects on thyroid function, influencing the overall gender differences observed in
MDD patients.*® Furthermore, our prior research indicated that female depressive inpatients exhibited double the rate of
subclinical hypothyroidism compared to their male counterparts.”® This discrepancy might be linked to TRH hypersecre-
tion, acting as a compensatory mechanism for serotonin and thyroid hormone regulation. These findings underscore the
critical need for gender-specific considerations when assessing thyroid functions in MDD patients.

Multifactorial variance analysis highlighted markedly elevated scores on the BIS-11 scale for MDD patients across
various subscales compared to their healthy counterparts. Consistent with prior research, our results emphasize the
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profound interplay between MDD and increased impulsivity, supporting the argument for impulsivity as a transdiagnostic
factor prevalent in numerous psychiatric disorders.**>° Moreover, the heightened impulsivity observed in MDD patients
might indicate a trait-like endophenotype, reflecting the disorder’s more profound genetic or inherent attributes of the
disorder.”® These findings imply that targeting impulsivity through behavioral interventions or medication could be
effective in managing MDD. Additionally, understanding the genetic basis of impulsivity in MDD could promote the
development of personalized treatment plans, potentially improving patient outcomes by addressing underlying genetic
predispositions.

Notably, within these sub-scales, ‘motor impulsiveness’ exhibited a distinct gender disparity. This term refers to
a behavioral trait characterized by acting on the spur of the moment, without forethought, often in a manner that is
socially nonconforming or risky.*' Specifically, men, being generally more predisposed to impulsivity and aggressive
behaviors than women, showcase a propensity to engage in unrestrained motor actions, potentially as a coping mechan-
ism to stress and negative emotions.**** The male tendency towards higher motor impulsiveness could be attributed to
both hormonal factors, particularly the influence of testosterone, and neurobiological differences. Testosterone has been
shown to promote impulsive behavior,** and male-specific differences in brain structure, particularly in regions like the

ventrolateral prefrontal cortex (VLPFC),*>%¢

might further contribute to heightened motor impulsiveness in males with
MDD. These findings highlight the need for further research to explore the neural mechanisms underlying motor
impulsiveness in MDD, particularly in male patients. Understanding these mechanisms could inform the development
of targeted interventions to reduce impulsive behaviors.

Furthermore, considering the critical role of the serotonin (5-HT) system in modulating impulsivity and aggression,
particularly its pronounced involvement in male impulsivity as evidenced by Marazziti et al,*” adds an intriguing layer of
complexity is added to our understanding of the neurobiological substrates underlying male-specific motor impulsiveness
in MDD. This emphasizes the need to investigate the multifaceted interplay between serotonin, thyroid function, and
behavioral tendencies. Intriguingly, the present research unveils a pivotal discovery, delineating a negative correlation
between TSH levels and motor impulsiveness in male patients with MDD. A recent cross-sectional study echoes our
findings, revealing a link between aberrant thyroid function and the risk of suicide attempts in males with MDD, thereby
partially validating our innovative discovery.*® This confluence of findings provides a new perspective that enhances our
understanding of the intricate relationships between thyroid function and behavioral tendencies in male MDD, under-
scoring the imperative of delving deeper into the neuroendocrine mechanisms involved.

Significantly, our findings align with existing research, highlighting an evident increase in aggressive behavior among
individuals with MDD and thereby solidifying the well-established link between MDD and amplified aggression.
Notably, the interplay between MDD and aggression is not merely symptomatic;*’ aggression dysregulation is hypothe-
sized to play a pivotal role in the disorder’s progression, potentially acting as a pacemaker through aggression
dysregulation.'>3%*! Furthermore, our study unveils crucial gender differences, illustrating distinct aggression manifes-
tations between males and females within the context of MDD. Research by Dumais et al’ showed that men tend to opt
for violent suicide methods, which is linked to a history of impulsive-aggressive behaviors.>® This pattern, more common
in males, could shed light on the higher aggression levels in our male MDD subjects. It suggests an intricate relationship
between aggressive predilections and the comprehensive severity and expression of depressive disorders, particularly
within the male population.>® Therefore, both the mechanistic and psychosocial factors propelling this gender-distinct
divergence in aggression and suicidal behaviors within MDD should be meticulously explored, highlighting the need for
gender-specific diagnostic tools and therapeutic strategies. Tailored interventions could potentially mitigate aggression
and suicidal tendencies more effectively, thereby improving treatment outcomes and overall patient well-being.

Recent research has expanded our understanding of MDD and its association with aggressive behaviors, pointing to
brain alterations influenced by disrupted myelination, oxidative stress, and neuroinflammation.’> > Our study introduces
a novel perspective by uncovering a potential connection between thyroid function and aggression in male MDD patients.
Notably, a significant relationship was observed between TSH levels and distinct aggression sub-scales in this demo-
graphic, thereby highlighting an intriguing pathway that merits further investigation in the nexus between hormonal
levels, MDD, and aggression. Previous research highlights a link between thyroid function, explicitly involving TSH and
T4, and behavioral outcomes such as impulsivity and aggression, especially in various psychiatric disorders.”’
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Specifically, low TSH levels and sometimes high T4 have been associated with greater impulsivity, aggression, and even
suicidal tendencies in different psychiatric conditions.'*-¢%¢!

Moreover, disrupted thyroid function has been correlated with increased severity in depressive disorders, possibly
through mechanisms involving neurotransmitter changes in brain structure and function, direct impacts on emotion and
behavior, and interplay with other endocrine systems.®>®* Thyroid hormones play a crucial role in the central nervous
system, particularly in regulating neurotransmitters such as dopamine and serotonin. Disruption in thyroid function may
imbalance these neurotransmitters, influencing impulsivity and aggression.®**> Additionally, thyroid dysfunction can
lead to alterations in specific brain regions, such as the prefrontal cortex, which play essential roles in impulse control
and the regulation of aggressive behavior.°*®” This complex interplay between thyroid function and aggression in MDD
indicates a need for future research to unravel the precise mechanisms involved, potentially opening avenues for
hormone-targeted therapeutic strategies in managing aggressive behaviors in MDD.

Nevertheless, the limitations of the study should be acknowledged. Firstly, causal relationships between thyroid
function, aggression, and MDD cannot be determined due to the cross-sectional study design. Secondly, the varied self-
report and behavioral tools used to measure the multifaceted concept of impulsivity and aggression may introduce
potential biases and affect the comparability of our findings. Thirdly, our focus on specific thyroid markers, TSH and T4,
may overlook other biochemical or endocrine factors involved in the psychiatric and behavioral observations. Fourthly,
the menstrual cycle phase during blood collection for female participants was not accounted for, which could influence
thyroid hormone levels and affect the study results. Fifth, the participants were limited to a particular demographic and
geographic location, so our findings cannot be extrapolated to other populations becomes restricted, thereby limiting our
findings’ universality. Sixth, anxiety symptoms, which can influence aggression and impulsivity, were not assessed using
a standardized tool like the Hamilton Anxiety Rating Scale (HAMA). Future studies should include such assessments to
provide a more comprehensive understanding of these relationships. Seventh, our modest sample size limits the statistical
strength and applicability of the findings, requiring validation from more extensive and diverse study populations.
Finally, while the research introduces connections and proposes pathways between hormonal levels and behavioral
outcomes, the mechanisms at the biological level remain speculative, warranting further investigation to unravel the exact
biological underpinnings of these observations.

Conclusion

In summary, our study reveals notable links between thyroid function and behaviors, such as aggression and impulsivity,
in MDD patients, with distinct variations between genders. A significant negative correlation was found between TSH
levels and certain behavioral aspects, particularly in male patients. The observed sex differences in aggression and
impulsivity domains highlight the necessity for gender-specific approaches in understanding and managing MDD. Future
research should further explore the underlying mechanisms underlying these findings, analyzing the relationship between
gender, thyroid function, and behavioral tendencies in MDD management and research.
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