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Association of four metalloids in
the serum and urine of
individuals with major depressive
disorders: a case–control study
Lei He1†, Shilong Li1†, Yan Huang2, Yuxing Zhu1, Lingzi Fan1,
Hongwei Zhang1, Xiaofang Hou1, Xiaoxin Li1, Hongxin Deng1,
Xueli Guo1, Chunxiao Liu1, Chen Hu1 and Bing Cao2*

1Zhumadian Second People’s Hospital, Brain Hospital Affiliated to Zhengzhou University,
Zhumadian, China, 2Key Laboratory of Cognition and Personality, Faculty of Psychology, Ministry of
Education, Southwest University, Chongqing, China
Background: Major depressive disorder (MDD) pathogenesis may involve

metalloids in a significant way. The aim of our study was to identify potential

links between MDD and metalloid elements [boron (B), germanium (Ge), arsenic

(As), antimony (Sb)].

Methods: A total of 72 MDD cases and 75 healthy controls (HCs) were recruited

from Zhumadian Second People’s Hospital in Henan Province, China. The levels

of four metallic elements (B, Ge, As, and Sb) in the serum and urine were

measured using inductively coupled plasma mass spectrometry (ICP-MS).

Results: In comparison to the HCs, the B, As, and Sb levels were considerably

lower in the MDD group (p < 0.05) in the serum; the MDD group had significantly

higher (p < 0.05) and significantly lower (p < 0.001) B and Sb levels in the urine.

After adjusting for potential confounders, serum B (OR = 0.120; 95% CI, 0.048,

0.300; p < 0.001) and Sb (OR = 0.133; 95% CI, 0.055, 0.322; p < 0.001) showed a

negative correlation with MDD. Urine B had a negative correlation (OR = 0.393;

95% CI, 0.193, 0.801; p = 0.01) with MDD, while urine Sb had a positive

correlation (OR = 3.335; 95% CI, 1.654, 6.726; p = 0.001) with MDD.

Conclusion: Our current research offers insightful hints for future investigation

into the function of metalloids in connection to MDD processes.
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1 Introduction

Depression is one of the most common mental illnesses in

modern society (1) and has affected more than 300 million

individuals worldwide (2). The average lifetime prevalence of

major depressive disorder (MDD) is projected to be 14.6% in

high-income nations and 11.1% in low- and middle-income

countries worldwide (3). A persistently depressed mood, together

with symptoms like anxiety, agitation, sleeplessness, decreased

appetite, and hallucinations, is the hallmark of MDD. In severe

cases, some patients may even exhibit suicidal behaviors (4). For

individuals, MDD carries the heaviest burden of disability among

mental and behavioral disorders. Thus, MDD places a tremendous

burden on sufferers, families, and society (5). According to

projections by the World Health Organization, depression will

account for the greatest global disease burden by 2030 (6).

Metalloids, which include boron (B), silicon (Si), germanium

(Ge), arsenic (As), antimony (Sb), tellurium (Te), polonium (Po),

and astatine (As), are elements that fall between metallic and non-

metallic elements and have certain metallic and non-metallic

properties. For these metalloids, the human body has relatively

small concentrations of Te and At. The analysis of Si requires

specific experimental conditions, while Po is a radioactive element

that is not normally found in the human body. Thus, this paper

primarily focuses on four metalloids, i.e., B, Ge, As, and Sb.

Metalloids play important roles in maintaining the physical and

mental health of the human body (7). For example, low B

concentrations have been linked to immunological dysfunction,

osteoporosis, cognitive decline, and an increased risk of death (7).

Several studies have stated that autism is associated with the

dysregulation of Ge in the serum and urine (8). Furthermore,

peripheral neuropathy and impaired sensory function were

reported to be associated with high concentrations of As in

human urine (9). In a case–control study, an increased risk of

developing attention deficit disorder was associated with

dimethylarsinic acid (DMAV, low) and urinary levels of As (high)

(10). Many additional pieces of research also suggest a strong

correlation between changes in As and mental health (11). With

regard to Sb, one of the metalloid elements, its levels in the urine are

linked to cognitive function, according to an intentional study of

older Americans (12). The concentration of Sb in urine was

reported to be positively correlated with the symptoms of

MDD (13).

Currently, the available data on the processes between metalloid

elements and MDD are limited. Additionally, there are only a few

research studies that have thoroughly investigated the association

between the levels of metalloid elements in blood and urine and

MDD. To further examine the role of metalloids in the

pathophysiology of MDD, our study analyzed the levels of four

specific metalloids (namely, B, Ge, As, Sb) in patients diagnosed

with MDD and a control group of healthy adults (HCs). The current

study investigated the association between MDD and the levels of

four metalloids in serum and urine, which could provide a

comprehensive understanding of metalloid profiles in MDD

individuals. This approach adds new research evidence by

simultaneously measuring multiple metalloids in both serum and
Frontiers in Psychiatry 02
urine samples within a single study. By uncovering potential

correlations and distinct concentration patterns, our research

sheds new light on the relationship between metalloid exposure

and MDD pathogenesis. This provides vital information for

future studies on identifying biomarkers and developing

therapeutic approaches.
2 Methods

2.1 Ethical approval

The study protocols have undergone scrutiny and received

approval from the Medical Ethics Committee of Zhumadian

Second People’s Hospital in Henan Province (Approval no. IRB-

2021–006-02). Prior to their participation in the study, the MDD

cases and HCs signed a written informed consent form. All

procedures adhered to the Helsinki Declaration standards.
2.2 Study population

A total of 72 persons diagnosed with MDD and 75 healthy

participants from Zhumadian Second People’s Hospital in Henan

Province were selected as the case and control group, respectively.

The inclusion criteria were as follows: 1) must meet the criteria

outlined in the Diagnostic and Statistical Manual of Mental

Disorders, 5th edition (DSM-5); 2) must not have taken

antidepressants or antipsychotics within the past month; 3) must

have an education level at or above primary school; 4) Hamilton

Depression Scale (HAMD) - 24 version score ≥20; and 5) must be

between the ages of 18 and 60, with no sex restrictions. The

inclusion criteria of HCs were as follows: 1) must match the sex,

age, and place of residence of the case group; 2) must have an

education level at or above primary school; and 3) routine

hematology, urine and feces, liver function, fasting blood glucose,

renal function, chest X-ray, electrocardiogram, etc. are normal.

The exclusion criteria of the HC group are similar to the MDD

group. The exclusion criteria for all participants are as follows: 1)

previous occurrence of organic brain disease or diagnosed neurologic

disorder (e.g., Parkinson’s, cerebral hemorrhage, massive cerebral

infarction, encephalitis, epilepsy); 2) presence of severe medical

conditions that are clinically significant or unstable, including the

liver, kidneys, gastrointestinal system, respiratory system,

cardiovascular system, endocrine system, blood, neurological

system, genitourinary system, musculoskeletal system, or metabolic-

related issues; 3) intellectual disabilities; 4) history of alcohol, drugs,

chemicals, substances, or psychoactive substance abuse; 5) visual or

auditory impairments; and 6) currently pregnant or breastfeeding.
2.3 Basic and clinical
information collection

This study collected general information about all participants,

including their sex, age, education level, drinking and smoking
frontiersin.org
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status, body mass index, and marital status. The degree of pleasure

deficit was measured using the Snaith-Hamilton Pleasure Scale

(SHAPS), while the physical and mental health index was

measured using the World Health Organization-Five Well-Being

Index (WHO-5). The HAMD-24 was employed to assess the

severity of psychiatric symptoms, while the Clinical Global

Impression Severity (CGI-S) and Improvement (CGI-I) scores

were utilized to appraise particular symptom domains linked

to MDD.
2.4 Serum and urinary sample preparation
and measurement

Blood samples of approximately 8.5 mL were collected from

fasting individuals during the morning hours (7–9 a.m.) on the

following day. The blood was extracted using venipuncture and

placed into gel-separator tubes to obtain serum. Following

coagulation for 1 h at 4°C, the upper layer of the serum was

isolated by centrifugation at 3,000×g for 10 min at 4°C. The

separated serum samples were promptly transferred into cryovials

with a volume of 5 mL. A urine collection tube was utilized to gather

approximately 10 mL of urine in the morning. The samples were

stored at a temperature of −80°C for further examination

of metalloids.

The operations of the experiment were as follows: taking 0.1 mL

of serum (or urinary) sample into a 2-mL centrifuge tube, putting

0.1 mL of combined internal standard indium (In) and rhenium

(Re) and adding 1% nitric acid, shaking well, and then measuring

on a machine. We used Perkin-Elmer Sciex’s Elan DRC II

inductively coupled plasma mass spectrometer (ICP-MS) and

Agilent’s 7700x ICP-MS to analyze the metalloids.
2.5 Statistical analysis

Descriptive statistics were performed, with continuous variables

summarized as the mean and standard deviation (SD) or median

and interquartile range (IQR) and categorical variables summarized

as frequencies and proportions. The independent samples t-test was

used to compare the differences between the two groups for

normally distributed continuous variables. The Mann–Whitney U

test was used to compare the differences between the two groups for

non-normally distributed continuous variables. Due to the non-

normal distribution of the metalloids’ concentrations, the

concentrations of all metalloids were represented by the median

along with the upper and lower quartiles (P25–P75). Unconditional

logistic regression models were used to explore the relationships

between patients and healthy controls and the metalloid levels. The

median value of the metalloid concentrations in HCs was used as

the cutoff value in the logistic regression analysis. Odds ratios

(ORs), b-values, and their 95% confidence intervals (CIs) were

estimated using maximum likelihood methods. The variables of age,

sex, education level, smoking status, alcohol consumption, and BMI

were adjusted in the logistic regression models. Partial correlation
Frontiers in Psychiatry 03
analysis on ranks (i.e., Spearman correlation) was used to calculate

the correlation coefficients among metalloid levels in the serum and

urine as well as metalloid levels with clinical variables, including

HAMD-24, SHAPS, WHO-5, CGI-S, and CGI-I. A two-sided

p <0.05 was statistically significant. All statistical analysis was

performed using SPSS 28.0 (SPSS Inc., Chicago, IL, USA).
3 Results

3.1 Demographic characteristics of
the subjects

A total of 147 individuals were included in the analysis,

consisting of 72 patients with MDDs and 75 HCs. The mean age

(SD) of the MDD and HC groups were 39.3 ± 15.5 and 41.9 ± 6.9

years, respectively. The demographic characteristics, including age,

sex, education level, and the number of smokers and drinkers, were

comparable in the two groups, and there were no statistically

significant differences observed (p > 0.05). The BMI showed a

statistically significant difference between the two groups (MDDs:

22.2 ± 4.3 kg/m2; HCs: 23.9 ± 2.10 kg/m2; p = 0.004). The scores on

the HAMD-24, SHAPS, and WHO-5 scales within the MDDs were

significantly higher in comparison to those observed in the HCs

(HAMD-24: 26.8 ± 6.0 vs. 2.1 ± 1.5, p < 0.001; SHAPS: 38.1 ± 5.2 vs.

18.5 ± 3.7, p < 0.001; WHO-5: 22.2 ± 6.0 vs. 7.1 ± 2.4, p < 0.001).

The demographic and clinical characteristics of the MDD and HC

groups are shown in Table 1.
TABLE 1 Demographic characteristics of the included participants.

Variable
MDD
(n = 72)

HC
(n = 75)

t/c2 p-
values

Age, years, mean ± SD 39.3 ± 15.5 41.9 ± 6.9 1.354 0.178

Sex (female/male); n/%
36/36
(50.0/50.0)

49/26
(65.3/34.7)

3.541 0.060

Education level; n/% 0.964 0.810

Primary school
or below

14 (19.4) 17 (22.7)

Middle school 32 (44.4) 35 (46.7)

High school 17 (23.6) 17 (22.7)

Graduate or above 9 (12.5) 6 (8.0)

Drink alcohol (yes/no),
n/%

9/63
(12.5/87.5)

15/60
(20.0/80.0)

1.513 0.219

Smoke cigarettes
(yes/no), n/%

6/66
(8.3/91.7)

14/61
(18.7/81.3)

3.337 0.068

HAMD-17 total score,
mean ± SD

26.8 ± 6.0 2.1 ± 1.5 −34.649 <0.001

SHAPS score, mean ± SD 38.1 ± 5.2 18.5 ± 3.7 −26.487 <0.001

WHO-5 score, mean ± SD 22.2 ± 6.0 7.1 ± 2.4 −20.471 <0.001

BMI, kg/m2, mean ± SD 22.2 ± 4.3 23.9 ± 2.1 2.937 0.004
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3.2 The levels of metalloids in the serum
and urine of the MDD and HC groups

The distributions and comparisons of the four metalloid levels in

the serum and urine of theMDD andHC groups are shown in Table 2.

The results of the independent-samples Mann–Whitney U test

indicated that the levels of B in the serum were significantly lower in

MDDs compared to HCs (cases: 16.29 ng/mL, IQR: 12.29–21.87 ng/

mL; HCs: 30.35 ng/mL, IQR: 23.78–39.39 ng/mL; Z = −7.405, p <

0.001), the levels of As in the serum were significantly lower in MDDs

compared to HCs (cases: 0.27 ng/mL, IQR: 0.16–0.37 ng/mL; HCs:

0.33 ng/mL, IQR: 0.24–0.48 ng/mL; Z = −2.923, p < 0.05), and the

levels of Sb in the serum were significantly lower in MDDs compared

to HCs (cases: 3.06 ng/mL, IQR: 2.73–3.66 ng/mL; HCs: 4.29 ng/mL,

IQR: 3.47–4.99 ng/mL; Z = −5.846, p < 0.001). The levels of B in the

urine were also significantly lower inMDDs when compared with HCs

(cases: 618.68 ng/mL, IQR: 382.34–1,040.84 ng/mL; HCs: 1,050.55 ng/

mL, IQR: 774.48–1,782.16 ng/mL; Z = −5.125, p < 0.001). Moreover,

the levels of Sb in the urine were also significantly higher in MDDs

compared with HCs (cases: 0.18 ng/mL, IQR: 0.10–0.27 ng/mL;

HCs: 0.10 ng/mL, IQR: 0.06–0.19 ng/mL; Z = 3.332, p < 0.05).
3.3 Logistic regression analysis of the
association between metalloids and MDD
in the serum and urine

The results of logistic regression are presented in Table 3.

Univariate analyses revealed that elevated serum levels of B and
Frontiers in Psychiatry 04
Sb were significantly associated with MDD. Significance was

maintained after adjusting the potential confounders of age, sex,

education level, smoking status, alcohol consumption, and BMI.

The adjusted OR revealed that serum levels of B (OR = 0.120; 95%

CI, 0.048, 0.300; p < 0.001) were negatively associated with MDD

and that elevated serum levels of Sb (OR = 0.133; 95% CI, 0.055,

0.322; p < 0.001) were associated with MDD. Univariate analyses

also revealed that elevated urine levels of B were significantly

associated with MDD. Significance was maintained after adjusting

the potential confounders of age, sex, education level, smoking

status, alcohol consumption, and BMI. The adjusted OR revealed

that urine levels of B (OR = 0.393; 95% CI, 0.193, 0.801; p = 0.05)

were negatively associated with MDD, and the adjusted OR revealed

that urine levels of Sb (OR = 3.335; 95% CI, 1.654, 6.726; p = 0.001)

were positively associated with MDD (Table 3).
3.4 The element correlations between
serum metalloid levels and urine levels
within MDDs and HCs

In the correlation analyses of metalloids and clinical variables,

we only found that serum Sb levels were positively correlated with

HAMD scores (r = 0.26). Regarding the correlation between

metalloids in the serum and urine, we observed that serum B was

positively correlated with serum As levels (r = 0.26), serum B was

positively correlated with urinary B levels (r = 0.27), serum Sb levels

were negatively correlated with urinary B levels (r = −0.29), and

serum Sb levels were negatively correlated with urinary As levels

(r = −0.26). In urine, B content was positively correlated with

urinary As content (r = 0.63), B content was positively correlated

with urinary Sb content (r = 0.36), Ge content was positively

correlated with urinary As content (r = 0.34), and As content was

positively correlated with urinary Sb content (r = 0.32) (Figure 1).
4 Discussion

This study conducted a systematic investigation on the levels of

four metalloids (namely, B, Ge, As, and Sb) in serum and urine

samples from a total of 147 individuals with MDD and healthy

controls. Lower levels of B were observed both in serum and urine

samples of MDD, whereas lower serum Sb levels but higher urine Sb

levels were reported in individuals with MDD. While a notable

decrease in the amount of As was found in the serum of persons

with MDD, the findings of the logistic analysis indicated that there

was no significant association between Ge and As with MDD.

Our findings suggest that the dysregulation of B and Sb may play a

role in the onset and advancement of MDD.

As a prebiotic chemical element, B has played an important role

in the origin and evolution of life (14). Although B has not been

classified as an essential micronutrient for humans and animals, it

has a positive impact on various biological activities, including brain

function, immunity, and the production of steroid hormones like

estrogen (15). It is important to maintain certain B levels in the body

to ensure the functioning of the immune system and bone health
TABLE 2 The concentrations of metalloids in the serum or urine
between the MDD cases and HCs.

Metalloids
MDD
(n = 72)

HC (n = 75) Z
p-
values

Serum

B (ng/
mL, IQR)

16.29
(12.29, 21.87)

30.35
(23.78, 39.39)

−7.405 <0.0001

Ge (ng/
mL, IQR)

1.36
(0.83, 1.99)

1.57
(1.05, 2.27)

−1.624 0.104

As (ng/
mL, IQR)

0.27
(0.16, 0.37)

0.33
(0.24, 0.48)

−2.923 0.003

Sb (ng/
mL, IQR)

3.06
(2.73, 3.66)

4.29
(3.47, 4.99)

−5.846 <0.0001

Urine

B (ng/
mL, IQR)

618.68
(382.34,
1,040.84)

1,050.55
(774.48,
1,782.16)

−5.125 <0.0001

Ge (ng/
mL, IQR)

0.85
(0.62, 1.17)

0.86
(0.60, 1.06)

−0.229 0.818

As (ng/
mL, IQR)

16.03
(10.48, 18.96)

15.66
(10.94, 19.23)

0.426 0.670

Sb (ng/
mL, IQR)

0.18
(0.10, 0.27)

0.10
(0.06, 0.19)

3.332 0.001
Unit: ng/mL serum.
IQR, interquartile range.
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TABLE 3 Logistic regression analysis of serum and urinary concentrations of metalloids in MDD cases and HCs.

Metalloids Group MDD HC
UORa

(95% CI)
p-values

AORb

(95% CI)
p-values

Serum

B
Low 65 (90.3) 38 (50.7) 0.189

(0.084, 0.424)
<0.001

0.120
(0.048, 0.300)

<0.001
High 7 (9.7) 37 (50.3)

Ge
Low 45 (62.5) 37 (50.3) 0.711

(0.434, 1.164)
0.175

0.612
(0.304, 1.230)

0.168
High 27 (37.5) 38 (50.7)

As
Low 45 (62.5) 37 (50.3) 0.711

(0.434, 1.164)
0.175

0.692
(0.355, 1.347)

0.278
High 27 (37.5) 38 (50.7)

Sb
Low 63 (87.5) 37 (50.3) 0.237

(0.115, 0.49)
<0.001

0.133
(0.055, 0.322)

<0.001
High 9 (12.5) 38 (50.7)

Urine

B
Low 54 (75.0) 37 (50.3) 0.486

(0.277, 0.854)
0.012

0.393
(0.193, 0.801)

0.010
High 18 (25.0) 38 (50.7)

Ge
Low 35 (48.6) 38 (50.7) 0.974

(0.619, 1.531)
0.908

1.189
(0.612, 2.312)

0.609
High 37 (51.4) 37 (50.3)

As
Low 31 (43.1) 38 (50.7) 1.108

(0.711, 1.728)
0.651

1.609
(0.825, 3.14)

0.163
High 41 (56.9) 37 (50.3)

Sb
Low 19 (26.4) 38 (50.7) 1.432

(0.941, 2.18)
0.093

3.335
(1.654, 6.726)

0.001
High 53 (73.6) 37 (50.3)
F
rontiers in Psychiatr
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aDetermined by an unconditional logistic regression model.
bAdjusted OR and 95% CI were determined by an unconditional logistic regression model after adjusting for age, sex, education level, smoking status, alcohol consumption, and BMI.
S_Ge S_As S_Sb U_B U_Ge U_As U_Sb CGI-S CGI-I HAMD SHAPS WHO-5

S_B -0.05 0.26 0.05 0.27 -0.09 -0.15 -0.04 -0.06 0.00 -0.11 -0.10 -0.09

S_Ge 0.05 0.21 -0.13 0.08 -0.06 0.07 -0.11 0.15 -0.20 -0.12 -0.13

S_As 0.04 0.04 -0.04 0.12 -0.18 0.07 0.08 0.12 0.05 0.13

S_Sb -0.29 0.04 -0.26 -0.11 0.13 0.07 0.26 0.09 0.09

U_B 0.24 0.63 0.36 0.02 0.15 -0.16 -0.04 0.07

U_Ge 0.34 0.11 0.03 0.15 0.03 0.16 0.19

U_As 0.32 -0.03 0.04 0.08 0.13 0.11

U_Sb -0.07 -0.08 -0.04 0.03 0.05

FIGURE 1

Spearman correlations of metalloid levels in the serum and urine of individuals with MDD. The red background represents the positive correlations
between the two compared variables, while the blue background represents the negative correlations. The red box indicates statistical significance.
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(15–18). It has also been shown that the levels of B in the serum and

urine are negatively correlated with the levels of thyroid hormones in

the body, and experimental studies have also indicated that B has a

significant influence on the hormone levels of the thyroid gland (19).

There is a potential association between thyroid and depression (20,

21). Thus, it is plausible to speculate that there might also be a

connection between B and depression. The results of this experiment

indicate that MDD patients have significantly lower levels of B in the

serum and urine than healthy individuals. It can be hypothesized

that increasing the level of B in the body may help alleviate

depressive symptoms. However, limited research specifically

investigates this relationship, and further exploration is warranted

based on previous studies and our findings.

Sb is a metalloid extensively utilized in industrial manufacturing

(13). Our research discovered an association between Sb levels and

MDD, and serum Sb levels were reported to be positively correlated

with HAMD-24 scores. Hence, it may be inferred that there exists a

link between the levels of Sb and the severity of MDD. Consistent

with our findings, several studies have demonstrated a positive

association between increased levels of Sb in urine and the risk of

death from cardiovascular disease (13). Existing evidence supported

that Sb has the potential to induce Alzheimer’s disease in mice (22,

23), which can explain its neurotoxic effects. Meanwhile,

Alzheimer’s disease shares numerous similarities with depression

(24). A recent study by Zhang et al. found a noteworthy positive

association between urine Sb levels and depressive symptoms in the

general population, which revealed a substantial correlation

between higher urinary Sb concentrations and increased

depressed symptoms (13). These findings align with the outcomes

of the current study. The urinary Sb concentrations were markedly

elevated in individuals with MDDs compared to HCs. Interestingly,

we found that serum Sb concentrations were significantly lower in

MDDs than in HCs. It is possible to speculate that a widespread

disruption of Sb metabolism occurs in individuals with MDD.

The findings from our study indicate that Ge and As might not

be significantly associated with MDD. To the best of our knowledge,

there is a lack of research specifically focusing on the relationship

between Ge and MDD. As, a metalloid commonly found in

groundwater, has been identified as a nuisance material that can

impact human health (11). Previous evidence demonstrated that

residents of As-contaminated areas experience a higher incidence of

mental health issues (25). Additionally, long-term exposure to As

has been linked to a decline in cognitive function in adults and can

disrupt the molecular mechanisms of the central nervous system

(25). Although we found significantly lower levels of As in

individuals with MDDs than HCs, this difference did not hold

when considering logistic regression. These results contradict

previous studies, suggesting that the influence of As on MDD

may be indirect and mediated through other mechanisms.

It is usual to observe correlations between different trace elements

within the human body. Furthermore, the interactions among trace

elements in diseases, including depression, have been extensively

explored. Trace elements may exhibit synergistic or antagonistic

associations. For example, studies have shown that increased zinc

intake can impede the absorption of copper into the bloodstream (26).

One study using isotope tracing methods found that a high-iron diet
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resulted in a 60% decrease in copper absorption in the intestines of

mice (27). Trace elements also exhibit indirect competitive inhibition.

High levels of calcium supplementation greatly decrease the absorption

of iron in the intestines. Notably, the inhibitory effect of calcium on

iron absorption is related to the form of calcium present (28). In a

poultry experiment, high concentrations of copper supplemented

through the digestive tract decreased the absorption rates of zinc and

calcium by intestinal cells (29). Previous research studies have not

explicitly documented the factors contributing to the correlation

between metalloids and MDD. From the above information

provided, we hypothesize that there may be a direct or indirect

synergistic or antagonistic connection among metalloids in MDD.

Furthermore, our study found distinct different changes in the

levels of metalloids in the serum and urine of individuals with MDD

as compared to the HC group. The reason for this is the serum and

urine are indicative of distinct metabolic states within the human

body. The metabolism of serum primarily focuses on various

biomarkers present in the serum, which can be either internally

generated or acquired from the surroundings (30). Urine is a

terminal metabolic product generated through the filtration of

blood by the glomeruli, followed by reabsorption, excretion, and

secretion by the renal tubules and collecting ducts. Modifications in

the composition, quantity, and properties of urine can reflect the

overall metabolic state of the body (31). When compared to serum,

urine samples are non-invasive to obtain, convenient to collect, and

have a relatively simple protein composition, making them easier to

analyze. The differences in the observed outcomes may be attributed

to the distinct biomarkers present in the serum and urine.
4.1 Limitations

Several limitations should be addressed. Firstly, while metalloids

were quantified in the serum and urine in the current study, it is

possible that metalloids present in other body components such as the

nails and hair could potentially be linked to mental diseases, including

depression. Secondly, due to the nature of being a cross-sectional study,

establishing a cause-and-effect relationship is challenging in this

particular study. Thirdly, some basic information, such as BMI, was

statistically different between the two comparison groups, which may

be related to the selection of study samples. Fourthly, our study did not

investigate the nutritional supplements and dietary status of the study

subjects, which could have a potential influence on metalloid levels in

the body. Furthermore, it is crucial to acknowledge that MDD patients

with scores exceeding 20 on the HAMD-24 were classified as having

moderate depression, which could potentially impact appetite, food

intake, and water intake. This could introduce confounding factors that

may have influenced the outcomes of our study.
5 Conclusion

In conclusion, our findings suggest that individuals with MDD

have lower serum and urine levels of B, while they have lower serum

levels of Sb but higher urinary levels of Sb. It is possible to
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hypothesize that altering the metabolism of B or Sb in the human

body could potentially be associated with the symptoms of MDD.

Additional developmental and toxicological investigations should

be carried out in animal models to clarify the underlying

mechanisms of the associations observed in this study. Further

validation is needed to determine the involvement of elements B

and Sb in MDD, particularly through longitudinal investigations

and animal experiments.
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