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Clinical symptoms, thyroid
dysfunction, and metabolic
disturbances in first-episode
drug-naïve major depressive
disorder patients with suicide
attempts: A network perspective
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Backgrounds: Co-occurrence of thyroid dysfunction, metabolic disturbances, and

worsening clinical symptoms in major depressive disorder (MDD) patients with

suicidal attempts (SA) are common. However, their relationship in SA patients

remains unexplored. We aimed to (1) determine the independent association of

thyroid dysfunction, clinical symptoms, and metabolic disturbances with SA; and (2)

identify their interactions in SA patients via the network approach.

Methods: 1718 FEDNMDD patients were recruited. Depressive, anxiety, and psychotic

symptoms were assessed by the Hamilton Rating Scale for Depression (HAMD), the

Hamilton Rating Scale for Anxiety (HAMA), and the Positive and Negative Syndrome

Subscale positive subscale, respectively. The serum levels of thyroid hormones andother

metabolic parameters were assessed. Logistic regression model was applied to

determine the correlates of SA. Network analysis was applied to determine the

interaction between thyroid dysfunction, clinical symptoms, andmetabolic disturbances.

Results: SA patients had significant worse metabolic disturbances, thyroid

dysfunction, and clinical symptoms than non-SA patients. Thyroid peroxidases

antibody, thyroid stimulating hormone (TSH), HAMD scores, HAMA scores, and

systolic blood pressure was independently associated with SA. Network analysis

suggested that TSH was the hub of the network, exhibiting substantial associations

with metabolic disturbances, anxiety, and psychotic symptoms in SA patients.

Conclusions: Our work highlights the predominant role of serum TSH levels in

the pathophysiology of SA. Regular thyroid function tests might help early detect

SA. Targeting increased TSH levels may help reduce metabolic disturbances and

clinical symptoms in SA patients.

KEYWORDS

suicidal attempt, major depressive disorder, network analysis, thyroid stimulating
hormone, metabolic disturbances
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Introduction

Suicide is the most devastating consequence of patients with

major depressive disorder (MDD). The lifetime prevalence of

suicidal ideation, suicidal planning, and suicidal attempts (SA) in

MDD patients is 37.7%, 15.1%, and 23.7%, respectively (1, 2). A

recent meta-analysis shows that MDD patients are approximately 7

times more likely to have SA in the past year than healthy

individuals (3). The high prevalence of SA highlights the strong

need to identify the potential risk factors for SA, which is valuable

for SA screening and intervening in MDD patients.

Although numerous studies have identified demographic and

clinical risk factors for SA in MDD patients (4, 5), the biological

correlates of SA remain largely unexplored (5). Several studies have

suggested that thyroid hormones and metabolic parameters can be

potential biomarkers for SA (6–9). However, the reported results are

inconsistent. For example, one meta-analysis published in 2020

demonstrated that SA was associated with low serum levels of total

cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) in

7068 patients with MDD (7). However, this view has been challenged

by two recent large-scale studies (N=1279 and N=580) (10, 11), which

found higher concentrations of TC and LDL-C in MDD patients with

SA. Similarly, the relationship between thyroid dysfunction and SA in

patients with MDD was also in debate. Several studies indicated that

elevated TSH increased the risk of suicide (11), whilst some found an

inverse association (12) or no association (13). The inconsistency in the

previous studies may be due to the different study samples. Studies have

shown that disease duration, comorbidities, andmedicationmay have a

substantial impact on thyroid function and metabolism (14–16), which

may obscure their association with SA. Therefore, assessing the

relationship between thyroid dysfunction, metabolic disturbances,

and SA in first-episode drug-naïve (FEND) MDD patients may

provide more solid evidence.

Studies have confirmed that the co-occurrence of thyroid

dysfunction and metabolic disturbances is very common (17–20),

especially in patients with MDD (21). For example, Kim et al. found

that subclinical hypothyroidism increased the risk of metabolic

syndrome by 7 times among individuals with depression (21). Two

recent studies also found that MDD patients with SA exhibited

more severe clinical symptoms, metabolic disturbances, and thyroid

dysfunction than those without (11, 22). However, no prior study

directly evaluated their relationship in patients with SA. Clarifying

whether and how thyroid dysfunction, metabolic disorders, and

clinical symptoms are interconnected in patients with SA may

provide new insights into the pathophysiology of SA.

Network analysis, as an emerging tool, has advantages over

traditional methods such as regression models in visualizing and

describing independent associations between variables (23, 24). In a

network model, a variable is visualized as a “node”. After sufficient

adjustment for other variables within the network, the unique

association between two variables is visualized as an “edge”. In

addition to identifying correlations between variables, network

analysis identifies the most influential variables that are most

closely linked to the other variables in the network (i.e., central

variables). The central variable is considered to play an important

role in triggering and maintaining the network (25). Hence, the
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central variable may be a promising target for clinical interventions

to reduce thyroid dysfunction, metabolic disturbances, and clinical

symptoms in MDD patients with SA.

To date, emerging studies have applied network analysis to assess

associations between variables in clinical medicine (26, 27). For

example, Jia et al. have assessed the association of lipid markers with

cognition performance and depression through a network approach

(27). A recent study also determined the networks of lipid metabolism,

inflammation, and depressive symptoms (26). However, there are no

previous studies evaluating the network of clinical symptoms, thyroid

dysfunction, and metabolic disturbance in MDD patients with SA,

which gave us the motivation to conduct the present study. We

recruited a large sample of FEDN MDD patients and evaluated SA,

metabolic parameters, thyroid hormones, and clinical symptoms. We

have twomain aims (1): to determine the association of SAwith clinical

symptoms, metabolic disturbances, and thyroid dysfunction in first-

episode drug-naïve patients with MDD; and (2) to determine the inter-

relationship between metabolic disturbances, thyroid dysfunction, and

clinical symptoms in patients with SA via the network approach.
Methods

Study procedure and participants

Participants were recruited at the psychiatric outpatient

department of the First Hospital of Shanxi Medical University from

2015 to 2017. Inclusion criteria were as follows: (1) fulfilling DSM-IV

criteria for MDD, diagnosed by two trained psychiatrists using the

Structured Clinical Interview for DSM-IV Disorders (SCID); (2) 17-

item Hamilton Depression Scale (HAMD) score of more than 23; (3)

age 18-60 years old, Han nationality; (4) no prior medication, including

antidepressant, antipsychotic drugs, thyroid hormone therapy,

hypoglycemic agents, antihypertensive and lipid-lowering drugs; and

(5) depression symptoms were first-episode and the disease duration of

no more than 24 months. Exclusion criteria included: (1) pregnant or

breastfeeding women; (2) concurrent DSM-IV axis I disorder including

bipolar disorder, schizophrenia, and schizoaffective or severe medical

conditions; (3) substance use disorder except for tobacco; and (4)

unwillingness to provide informed consent.

All participants provided written informed consent. This study

was approved by the Institutional Review Board (IRB) of the First

Hospital of Shanxi Medical University (No. 2016-Y27).
Interview and clinical assessments

We collected basic information, including age, gender, education,

onset, and duration of MDD, and married status through a self-designed

questionnaire. All participants were independently interviewed face-to-

face by two trained psychiatrists via the SCID. Two psychiatrists

independently assessed each participant’s depression, anxiety, and

psychotic symptoms by the HAMD, Hamilton Anxiety Scale

(HAMA), and the positive subscale of Positive and Negative

Syndrome Subscale (PANSS), respectively. HAMD score ranges from

0-52, with a cutoff point of 24 being used to determine severe depression
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https://doi.org/10.3389/fendo.2023.1136806
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Peng et al. 10.3389/fendo.2023.1136806
(28). HAMA consists of 14 items, measuring psychological and somatic

anxiety symptoms (29). It applied the 5-Likert scale, with a total score

ranging from 0-56. The PANSS positive subscale assesses seven positive

symptoms (30). The PANSS-positive subscale score ranges from 7-49.

Higher scores on the HAMA, HAMD, and PANSS indicate more severe

symptoms. These three scales have been validated and widely used in the

Chinese population (31–33). According to previous studies (34, 35),

HAMA score >20 and PANSS positive subscale score >14 indicate

significant anxiety and psychotic symptoms, respectively. The correlation

coefficients between the two psychiatrists’ scores on all three scales were

higher than 0.8.

We assessed SA through face-face interviews. All participants

were asked the question: “In your lifetime, did you ever try to kill

yourself?”. This single item has been validated and used widely in

previous epidemiological studies for the detection of SA (36, 37).

Those who answered “yes” were considered to have lifetime SA. We

further asked them about the timing and frequency of SA. We

contacted the family members of the participants for the details of

SA when patients were unable to provide definitive information.
Biochemical indicators

Blood samples were collected in themorning after an overnight fast

before participants received any medical treatment. Serum levels of free

triiodothyronine (FT3), free thyroxine (FT4), thyroid stimulating

hormone (TSH), antithyroglobulin (TgAb), thyroid peroxidase

antibody (TPOAb), TC, TG, high-density lipoprotein (HDL-C), low-

density lipoprotein (LDL-C), and glucose were assessed. Lipid markers

(TC, TG, HDL-C, LDL-C) and glucose were measured on a Cobas

E610 (Roche, Basel, Switzerland). Thyroid hormones were assayed on a

Roche C6000 Electrochemiluminescence Immunoassay Analyzer

(Roche Diagnostics, Indianapolis, IN, USA). Measurements were

conducted in the laboratory of the First Hospital, Shanxi Medical

University. The nursesmeasured the patients’weight, height, and blood

pressure. We calculated body mass index (BMI) according to the

following formula: BMI = Weight (kg)/Height (m) 2.

According to previous studies in the Chinese population (38,

39), metabolic disturbances and thyroid dysfunction were defined

as follows: (1) overweight or obesity: BMI≥24; (2) hyperglycemia:

glucose≥6.1mmol/L; (3) hypertension: SBP≥140 mmHg and/or

DBP≥90mmHg; (4) hypertriglyceridemia: TG≥2.3 mmol/L; (5)

low HDL: HDL-C ≤ 1.0 mmol/L; (6) hypercholesterolemia:

TC≥6.2 mmol/L or LDL-C≥4.1 mmol/L; (7)abnormal TgAb:

TgAb≥115 IU/L; (8) abnormal TPOAb: TPOAb ≥34 IU/L; (9)

subclinical hypothyroidism (SCH): TSH >4.2 mIU/L with normal

fT4 concentration (10–23 pmol/L); (10) hyperthyroidism:

TSH<0.27 mIU/L and FT4 >23 pmol/L, and (11) hypothyroidism:

TSH >4.2 mIU/L with low FT4 concentration (<10 pmol/L).
Statistical analysis

Data processing
According to the Shapiro-Wilk test, the continuous data in our

study were not normally distributed. Therefore, we expressed the
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continuous data as the median and interquartile range (IRQ; 25-

75%) and the categorical data as frequencies and percentages. All

statistical analyses were conducted on R (ver. 4.20). We adopt two-

tailed tests with p<0.05 indicating statistical significance.

Univariate and multiple analyses
We assessed differences in metabolic disturbances, clinical

symptoms, and thyroid dysfunction between MDD patients with

and without SA by chi-square test, Fisher’s exact test, and Whitney U

test, as appropriate. Bonferroni correction was employed for multiple

testing (p’=0.05/40 = 0.00125). A multiple logistic regression model

was conducted to identify independent correlates of SA. Variables

with P < 0.05 in univariate tests were included in the multiple logistic

regression analysis using the stepwise method.

Network analysis
Clinical symptoms (HAMA, HAMD, and PANSS scores),

metabolic parameters (TC, TG, LDL-C, HDL-C, SBP, DBP, and

BMI), and thyroid hormones (TSH, TPOAb, TgAb, FT3, and FT4)

were included in the network. Following a previous study (40), we

performed nonparanormal transformations using Rpackage “huge”

because the data were not normally distributed. We estimated and

visualized the network using Rpackage “qgraph” and “bootnet”

(41). We estimated the network using the default of the EBICglasso

model, which was widely used in psychological network models

(42).g was set to 0.5, which made the network more sparse and

strikes a balance between sensitivity and specificity in preserving

true edges. The network consisted of “nodes” (i.e., metabolic

parameters, thyroid function, and clinical symptoms) and “edges”

(i.e., pairwise correlations between two nodes after controlling for

other variables within the network). Thicker edges implied a greater

association (43). Red edges indicated negative associations, while

blue edges indicated positive associations. We calculated the

centrality index “strength” to quantify the importance of the

nodes. Nodes with higher strength were considered to exhibit

strong associations and impacts on other nodes within the

network. We also calculated the predictability of the nodes by

Rpackage “MGM” (44). Similar to the R2 in the regression model,

predictability referred to the extent to which the variance of a node

can be explained by other nodes in the network (45).

Finally, we evaluated the stability and accuracy of our network

by Rpackage “bootnet”. Bootstrap procedures were performed

with 1000 bootstrap samples to determine the accuracy of the

estimated edges. We conducted a case-dropping procedure to

evaluate the stability of the network. The correlation stability

coefficient (CS-C) was calculated, and a CS-C above 0.5 implied

reasonable stability.
Results

Sample characteristics

We recruited 1718 FEDN MDD patients (Table 1). The

majority of the participants were female (1130, 66%), married

(1216, 71%), and had a degree below college (1173, 68%). One-
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fifth of the participants (346, 20%) had lifetime SA. 235 (14%) had

SA in the past two weeks.
The difference in metabolic disturbances,
thyroid function, and clinical symptoms in
FEDN MDD patients with and without SA

SA patients tended to be older, had a longer duration of disease,

and had a later onset (Table 1). Compared with non-SA patients, SA

patients had significantly more severe metabolic disturbances, thyroid

dysfunction, and psychological distress than non-SA patients,

showing higher scores on HAMD, HAMA, and PANSS positive

subscale. The prevalence rates of SCH, abnormal TgAb, abnormal

TPOAb, hyperglycemia, abnormal TC, abnormal LDL-C, low HDL,

hypertension, and hypercholesterolemia were significantly higher in

SA patients than in non-SA patients. Their associations remained

significant after the Bonferroni correction. In addition, SA patients

were also more likely to have hypertriglyceridemia. However, the

association between hypertriglyceridemia and SA was no longer

significant after multiple testing.
Independent correlates of SA in FEDN
MDD patients

We conducted a multiple logistic regression model in variables

showing p<0.05 in univariate analysis (i.e., age, duration, and the

onset of MDD, HAMD, HAMA, PANSS, TSH, TPOAb, TgAb, TC,

TG, HDL-C, LDL-C, glucose, SBP, and DBP). Table 2 summarizes

the results of the logistic regression model. HAMD (Odds ratio, OR,

1.081, 95% confidence intervals, 95% CI, 1.016-1.151, p=0.014),

HAMA (OR, 1.251, 95%CI, 1.189-1.316, p<0.001), TSH (OR, 1.115,

95%CI, 1.047-1.187, p=0.001), TPOAb (OR, 1.002, 95%CI, 1.001-

1.003, p<0.001), and SBP (OR, 1.023, 95%CI, 1.008-1.038, p=0.002)

were independently associated with SA in FEDN MDD patients.
Network of thyroid dysfunction, metabolic
disturbances, and clinical symptoms in
MDD patients with SA

Figure 1 illustrates the network of thyroid dysfunction,

metabolic disturbances, and clinical profiles in MDD patients

with SA. The network was composed of 16 nodes and 32 edges.

Visually, TSH was in the center of the network. It exhibited a strong

positive association with metabolic parameters including SBP, TC,

and glucose. TSH was also positively correlated with PANSS and

HAMA. In contrast, BMI, FT3, and FT4 were at the margin of the

network, exhibiting a very weak association with clinical symptoms.

We also observed a strong association between PANSS, HAMA,

and HAMD. The correlation matrix between the nodes is presented

in Table S1.

The centrality plot (Figure 2) confirmed that TSH was the

central node of the network, followed by TC and PANSS scores.
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Table S2 displays the predictability of the nodes in the network. The

predictability of TSH was the highest (0.57). The predictability of

clinical symptoms was 0.53 for PANSS, 0.50 for HAMA, and 0.45

for HAMD. These results indicated that half of the variance of

clinical symptoms could be explained by the nodes in the network.

The lowest predictability was found for FT3, FT4, and BMI.

The network had reasonable stability with a value of 0.671 for

CS-C (Figure S1), indicating that after omitting 67% of the raw data,

the network remained highly correlated with the original network

(r=0.7). The bootstrap procedure also demonstrated high accuracy

of the estimated edges within the network (Figure S2).
Discussion

To our knowledge, this is the first study to explore the

relationship between thyroid dysfunction, metabolic disturbances,

and clinical symptoms in SA patients through a network approach.

Our main findings included (1): SA MDD patients exhibited more

severe metabolic disturbances, thyroid dysfunction, and clinical

symptoms compared to non-SA MDD patients; (2) the severity of

anxiety and depression symptoms, SBP, TSH, and TPOAb were

independently associated with SA in FEDN MDD patients; and (3)

TSH played an important role in the network of thyroid

dysfunction, metabolic disturbances, and clinical symptoms in SA

patients. Taken together, our work highlights the predominant role

of serum TSH levels in the pathophysiology of SA. In addition to

being a potential biomarker for SA in MDD patients, the serum

TSH level is closely associated with SA-related metabolic

disturbances and clinical symptoms. Hence, regular thyroid

function tests might help early detect SA. Targeting increased

TSH levels may help to reduce metabolic disturbances and

clinical symptoms in MDD patients with SA.

Consistent with previous studies (46–48), our study demonstrated

a very high metabolic burden and thyroid dysfunction in patients with

SA, which called for regular metabolic and thyroid function tests in

this population. There are a few explanations for the biological

changes in SA patients. First, SA patients have more severe

depressive symptoms, which may lead to an unhealthy lifestyle,

such as irregular sleep and diet, resulting in metabolic disturbances

and thyroid dysfunction (49). Second, inflammation may act as a

bridge between SA and metabolic disorders. Emerging studies have

found that inflammation plays an important role in MDD and its

associated SA (50–54). Metabolic disorders were found to be

associated with a chronic inflammatory state (55) and therefore may

contribute to SA. Third, thyroid dysfunction was tightly associated

with abnormal neurotransmitters (e.g., 5-hydroxytryptamine and

norepinephrine), which played an important role in SA (56).

Fourth, the high level of TPOAb might indicate the autoimmune

status of MDD patients with SA. The disturbances in the kynurenine

pathway and hypothalamic-pituitary-adrenal axis in autoimmune

status might contribute to the SA (57).

Network analysis suggested that thyroid dysfunction, metabolic

disturbance, and clinical symptoms were highly correlated among

SA patients. High TSH levels were found to be the central variables
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TABLE 1 Sample characteristics of SA and non-SA patients.

Variable Overall, N = 1,7181 Without SA, N = 1,3721 With SA, N = 3461 p-value2

Age, year 34 (23, 45) 33 (23, 45) 35 (25, 47) 0.023

Duration, month 5 (3, 8) 5 (3, 8) 6 (3, 9) <0.001

Onset, year 34 (23, 45) 33 (23, 45) 34 (25, 47) 0.026

Gender 0.4

Male 588 (34%) 476 (35%) 112 (32%)

Female 1,130 (66%) 896 (65%) 234 (68%)

Education 0.5

Below college 1,173 (68%) 932 (68%) 241 (70%)

College or above 545 (32%) 440 (32%) 105 (30%)

Married 1,216 (71%) 965 (70%) 251 (73%) 0.4

PANSS 7 (7, 7.8) 7 (7, 7) 8 (7, 17.8) <0.001

Psychotic symptom 171 (10.0%) 83 (6.0%) 88 (25%) <0.001

HAMD 30 (28, 32) 30 (28, 32) 32 (30, 34) <0.001

HAMA 21.0 (18.0, 23.0) 20.0 (18.0, 22.0) 23.0 (21.0, 26.0) <0.001

Anxiety 894 (52%) 610 (44%) 284 (82%) <0.001

TSH, uIU/L 4.91 (3.11, 6.66) 4.63 (2.89, 6.14) 6.76 (4.54, 8.89) <0.001

TgAb, IU/L 21 (14, 44) 20 (14, 32) 28 (18, 144) <0.001

TPOAb, IU/L 17 (12, 35) 16 (12, 29) 29 (14, 171) <0.001

FT3, pmol/L 4.92 (4.38, 5.41) 4.91 (4.39, 5.40) 4.92 (4.34, 5.44) >0.9

FT4, pmol/L 16.5 (14.4, 18.7) 16.5 (14.4, 18.8) 16.5 (14.4, 18.6) 0.9

Glucose, mmol/L 5.34 (4.94, 5.80) 5.28 (4.92, 5.71) 5.56 (5.05, 6.10) <0.001

TC, mmol/L 5.22 (4.46, 6.00) 5.11 (4.36, 5.81) 5.72 (4.95, 6.59) <0.001

HDLC, mmol/L 1.23 (1.01, 1.42) 1.25 (1.05, 1.44) 1.13 (0.89, 1.30) <0.001

TG, mmol/L 1.97 (1.40, 2.77) 1.94 (1.37, 2.74) 2.16 (1.46, 2.93) 0.004

LDLC, mmol/L 2.96 (2.38, 3.52) 2.90 (2.30, 3.42) 3.21 (2.60, 3.74) <0.001

BMI, kg/m2 24.23 (23.22, 25.60) 24.23 (23.23, 25.60) 24.27 (23.18, 25.99) 0.8

SBP, mmHg 120 (112, 127) 120 (111, 126) 125 (116, 134) <0.001

DBP, mmHg 76 (70, 80) 75 (70, 80) 78 (74, 84) <0.001

Abnormal TgAb 297 (17%) 191 (14%) 106 (31%) <0.001

Abnormal TPOAb 438 (25%) 282 (21%) 156 (45%) <0.001

SCH 1,041 (61%) 778 (57%) 263 (76%) <0.001

Hyperthyroidism 5 (0.3%) 5 (0.4%) 0 (0%) 0.6

Hypothyroidism 3 (0.2%) 2 (0.1%) 1 (0.3%) 0.5

Hyperglycemia 241 (14%) 153 (11%) 88 (25%) <0.001

Low HDL 429 (25%) 306 (22%) 123 (36%) <0.001

Overweight or obesity 1,026 (60%) 825 (60%) 201 (58%) 0.5

High SBP 53 (3.1%) 16 (1.2%) 37 (11%) <0.001

High DBP 74 (4.3%) 38 (2.8%) 36 (10%) <0.001

Hypertriglyceridemia 668 (39%) 512 (37%) 156 (45%) 0.008

(Continued)
F
rontiers in Endocrinology
 05
 fro
ntiersin.org

https://doi.org/10.3389/fendo.2023.1136806
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Peng et al. 10.3389/fendo.2023.1136806

Frontiers in Endocrinology 06
within the network, which were tightly associated with both

metabolic disturbances (impaired glucose metabolism, lipid

metabolism, and hypertension) and clinical symptoms (psychotic

and anxiety symptoms) in SA patients. The strong association of

TSH with metabolic disturbances replicates findings in the general

population (17), which can be explained by the following points.

First, serum TSH levels can regulate lipid metabolism in various

ways (58). High TSH levels can regulate cholesterol metabolism by

binding to TSH receptors on the surface of hepatocytes (59). It can

accelerate cholesterol synthesis and reduce cholesterol clearance

(58), which can lead to dyslipidemia and obesity. Second, TSH

levels may also play a role in insulin resistance and glucose tolerance

(60). Studies have shown that high TSH levels are associated with

the impairment of glucose transport (61).

Emerging studies suggested that thyroid dysfunction could

predict several negative consequences in patients with MDD,

including long-term readmission, conversion to bipolar disorder,

and anxiety (62–64). However, most of these association was

observed in the context of overt hypothyroidism. The relationship

between SCH and clinical symptoms in patients with MDD

remained controversial. Meta-analysis suggested that SCH

exhibited a rather weak association with depressive symptoms

(65). One population-based study demonstrated a negative

association of TSH levels with anxiety (66). Interestingly, Liu

et al. reported the same results as ours (11), finding higher serum

TSH levels were associated with anxiety and psychosis among 1279

patients with MDD. The different results may be due to differences

in sample characteristics (MDD patients versus community
TABLE 1 Continued

Variable Overall, N = 1,7181 Without SA, N = 1,3721 With SA, N = 3461 p-value2

Abnormal TC 357 (21%) 225 (16%) 132 (38%) <0.001

Abnormal LDL-C 185 (11%) 125 (9.1%) 60 (17%) <0.001

Hypertension 92 (5.4%) 42 (3.1%) 50 (14%) <0.001

Hypercholesterolemia 421 (25%) 277 (20%) 144 (42%) <0.001
fro
SCH, subclinical hypothyroidism; HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; PANSS, the Positive and Negative Syndrome Scale; TSH, thyroid-
stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; TgAb, antithyroglobulin; TPOAb, thyroid peroxidases antibody; TC, total cholesterol; HDL-C, high-density lipoprotein;
LDL-C, low-density lipoprotein; TG, total triglycerides; BMI, body mass index.
1Median (IQR); n (%)
2Wilcoxon rank sum test; Pearson’s Chi-squared test.
TABLE 2 Regression model of SA in MDD patients.

Characteristic OR1 95% CI1 p-value

HAMD 1.081 1.016, 1.151 0.014

HAMA 1.251 1.189, 1.316 <0.001

TSH 1.115 1.047, 1.187 0.001

TPOAb 1.002 1.001, 1.003 <0.001

SBP 1.023 1.008, 1.038 0.002
n

HAMA, Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating Scale; TSH, thyroid-stimulating hormone; TPOAb, thyroid peroxidase antibody; SBP, systolic blood pressure.
1: OR = Odds Ratio, CI = Confidence Interval
FIGURE 1

The network of thyroid-dysfunction, metabolic disturbances, and
clinical symptoms in FEDN MDD patients with suicidal attempts.
Blue, orange, and green nodes represented thyroid hormones,
clinical symptoms, and metabolic parameters, respectively. Blue and
red edges indicated positive and negative associations, respectively.
Thicker edges suggested stronger associations. HAMD = Hamilton
Depression Rating Scale, HAMA = Hamilton Anxiety Rating Scale,
PANSS = the Positive and Negative Syndrome Scale, TSH = thyroid-
stimulating hormone, FT3 = free triiodothyronine, FT4 = free
thyroxine, TgAb = antithyroglobulin, TPOAb = thyroid peroxidases
antibody, TC = total cholesterol, HDL-C = high-density lipoprotein,
LDL-C = low-density lipoprotein, TG = total triglycerides, BMI =
body mass index.
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samples). Unfortunately, the relationship between SCH and clinical

symptoms in patients with MDD was mostly studied in the cross-

sectional study. The biological mechanism remained largely

unexplored. Further studies are needed to validate our findings

and to assess the possible mechanisms.

Our study has several important clinical implications. First, our

study showed a high prevalence of metabolic disorders, thyroid

dysfunction, anxiety, and psychotic symptoms in MDD patients

with SA. Therefore, screening for these problems is crucial in this

particular population. Second, our study suggested the severity of

anxiety and depression, TSH level, TPOAb level, and SBP were

independently associated with SA. Regular monitoring of these

clinical variables might help early detect and prevent SA. Third, our

study highlighted the predominant role of TSH in the

pathophysiology of SA. Targeting TSH may be valuable in

reducing metabolic disorders, clinical symptoms, and thyroid

dysfunction associated with SA. To date, a few studies have

shown that thyroid hormone therapy is effective in improving

lipid metabolism in patients with SCH (67). Some studies have

also documented its effectiveness in the treatment of MDD and

bipolar depression (68, 69), but the results are inconsistent (70, 71).

Therefore, more studies are in need to test our hypothesis.
Frontiers in Endocrinology 07
Our study has several limitations. First, we used a cross-

sectional study design, which prevented us from drawing causal

relationships. Second, this study is monocentric and includes only

the Han Chinese population. It remains unknown whether our

findings can be generalized to other populations. Third, we did not

collect several important sociocultural risk factors for SA, such as

stressful life events and economic hardship (5). In addition, we did

not collect lifestyle factors, such as smoking and exercise, as well as

diet, which are strongly associated with metabolic disturbances and

thyroid dysfunction, and this should be remedied in future studies.

Fourth, our study is mainly descriptive and the underlying

biological mechanisms are unknown. Fifth, we assessed suicide

attempts by a single item only. Application of a specific suicide

rating scale may better assess various aspects of suicidality (suicidal

ideation, suicide planning, and SA) and their relationship with

clinical symptoms, metabolic disturbances, and thyroid

dysfunction. Further longitudinal studies with a more

comprehensive assessment of confounding factors and suicidality

are needed to validate our findings.

In conclusion, our study demonstrates that MDD patients with

SA have severe thyroid dysfunction, metabolic disturbances, and

clinical symptoms. Anxiety, depression, TSH, TPOAb, and SBP

were independently associated with SA in FEDN MDD patients.

Targeting increased TSH in MDD patients with SAmay help reduce

metabolic disturbances, clinical symptoms, and thyroid dysfunction

in SA patients.
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distress, depressive symptoms, and anxiety symptoms in people with type 2 diabetes: A
network analysis approach to understanding comorbidity. Diabetes Care (2022), 45
(8):1715–23. doi: 10.2337/dc21-2297

24. Borsboom D, Deserno MK, Rhemtulla M, Epskamp S, Fried EI, McNally RJ,
et al. Network analysis of multivariate data in psychological science. Nat Rev Methods
Primers (2021) 1:1–18. doi: 10.1038/s43586-021-00055-w

25. McNally RJ. Can network analysis transform psychopathology? Behav Res Ther
(2016) 86:95–104. doi: 10.1016/j.brat.2016.06.006

26. Zainal NH, Newman MG. Prospective network analysis of proinflammatory
proteins, lipid markers, and depression components in midlife community women.
Psychol Med (2022), 1–12. doi: 10.1017/S003329172200232X

27. Jia Q-F, Yang H-X, Zhuang N-N, Yin X-Y, Zhu Z-H, Yuan Y, et al. The role of
lipoprotein profile in depression and cognitive performance: a network analysis. Sci Rep
(2020) 10:20704. doi: 10.1038/s41598-020-77782-9

28. Zimmerman M, Martinez JH, Young D, Chelminski I, Dalrymple K. Severity
classification on the Hamilton depression rating scale. J Affect Disord (2013) 150:384–8.
doi: 10.1016/j.jad.2013.04.028

29. Thompson E. Hamilton Rating scale for anxiety (HAM-a).OccupMed (Lond) (2015)
65:601. doi: 10.1093/occmed/kqv054

30. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr Bull (1987) 13:261–76. doi: 10.1093/schbul/
13.2.261

31. Duan Y, Wei J, Geng W, Jiang J, Zhao X, Li T, et al. Research on cognitive
function in anxious depression patients in China. J Affect Disord (2021) 280:121–6.
doi: 10.1016/j.jad.2020.11.078

32. Li X, Liu H, Hou R, Baldwin DS, Li R, Cui K, et al. Prevalence, clinical correlates
and IQ of suicidal ideation in drug naïve Chinese han patients with major depressive
disorder. J Affect Disord (2019) 248:59–64. doi: 10.1016/j.jad.2018.12.017

33. Li Z, Xue M, Zhao L, Zhou Y, Wu X, Xie X, et al. Comorbid major depression in
first-episode drug-naïve patients with schizophrenia: Analysis of the depression in
schizophrenia in China (DISC) study. J Affect Disord (2021) 294:33–8. doi: 10.1016/
j.jad.2021.06.075
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1136806/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1136806/full#supplementary-material
https://doi.org/10.1016/j.jad.2021.05.115
https://doi.org/10.1016/j.jad.2017.07.043
https://doi.org/10.1016/j.jad.2017.07.043
https://doi.org/10.3389/fpsyt.2021.690130
https://doi.org/10.4103/0366-6999.229898
https://doi.org/10.1016/j.jad.2022.01.103
https://doi.org/10.1016/j.neubiorev.2022.104725
https://doi.org/10.1371/journal.pone.0243847
https://doi.org/10.3389/fpsyt.2022.1031945
https://doi.org/10.3389/fpsyt.2022.1031945
https://doi.org/10.1503/jpn.150079
https://doi.org/10.3389/fpsyt.2021.676040
https://doi.org/10.17305/bjbms.2021.6754
https://doi.org/10.1016/j.psychres.2018.05.059
https://doi.org/10.1186/s12888-019-2131-6
https://doi.org/10.1186/s12888-019-2131-6
https://doi.org/10.1097/WNF.0b013e31823429a7
https://doi.org/10.1016/j.ajp.2013.03.007
https://doi.org/10.1016/j.pharmthera.2020.107625
https://doi.org/10.1016/j.pharmthera.2020.107625
https://doi.org/10.1016/j.bj.2018.02.002
https://doi.org/10.1038/s41598-020-58973-w
https://doi.org/10.1507/endocrj.EJ20-0796
https://doi.org/10.1210/jc.2013-1353
https://doi.org/10.1210/jc.2013-1353
https://doi.org/10.1016/j.jad.2019.11.080
https://doi.org/10.1016/j.amp.2020.12.022
https://doi.org/10.2337/dc21-2297
https://doi.org/10.1038/s43586-021-00055-w
https://doi.org/10.1016/j.brat.2016.06.006
https://doi.org/10.1017/S003329172200232X
https://doi.org/10.1038/s41598-020-77782-9
https://doi.org/10.1016/j.jad.2013.04.028
https://doi.org/10.1093/occmed/kqv054
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1016/j.jad.2020.11.078
https://doi.org/10.1016/j.jad.2018.12.017
https://doi.org/10.1016/j.jad.2021.06.075
https://doi.org/10.1016/j.jad.2021.06.075
https://doi.org/10.3389/fendo.2023.1136806
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Peng et al. 10.3389/fendo.2023.1136806
34. Peng P, Wang Q, Ren H, Zhou Y, Hao Y, Chen S, et al. Association between
thyroid hormones and comorbid psychotic symptoms in patients with first-episode and
drug-naïve major depressive disorder. Psychiatry Res (2023), 320:115052. doi: 10.1016/
j.psychres.2023.115052

35. Zhou Y, Wang Q, Ren H, Yang WFZ, Ma Y, Wu Q, et al. Prevalence and related
factors of anxiety in first episode and drug naïve Chinese han outpatients with
psychotic major depression. J Affect Disord (2022) 316:217–22. doi: 10.1016/
j.jad.2022.08.018

36. Shen Y, Chan BSM, Liu J, Meng F, Yang T, He Y, et al. Estimated prevalence and
associated risk factors of attention deficit hyperactivity disorder (ADHD) among
medical college students in a Chinese population. J Affect Disord (2018) 241:291–6.
doi: 10.1016/j.jad.2018.08.038

37. Li Y-C, Bai W, Cai H, Wu Y, Zhang L, Ding Y-H, et al. Suicidality in clinically
stable bipolar disorder and schizophrenia patients during the COVID-19 pandemic.
Transl Psychiatry (2022) 12:303. doi: 10.1038/s41398-022-02045-2

38. He J, Lai Y, Yang J, Yao Y, Li Y, Teng W, et al. The relationship between thyroid
function and metabolic syndrome and its components: A cross-sectional study in a
Chinese population. Front Endocrinol (Lausanne) (2021) 12:661160. doi: 10.3389/
fendo.2021.661160

39. Liu Y, Sheng C, Feng W, Sun F, Zhang J, Chen Y, et al. A multi-center study on
glucometabolic response to bariatric surgery for different subtypes of obesity. Front
Endocrinol (Lausanne) (2022) 13:989202. doi: 10.3389/fendo.2022.989202

40. Skjerdingstad N, Johnson MS, Johnson SU, Hoffart A, Ebrahimi OV. Feelings of
worthlessness links depressive symptoms and parental stress: A network analysis
during the COVID-19 pandemic. Eur Psychiatry (2021) 64:e50. doi: 10.1192/
j.eurpsy.2021.2223

41. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their
accuracy: A tutorial paper. Behav Res (2018) 50:195–212. doi: 10.3758/s13428-017-0862-1

42. Peng P, Liang M, Wang Q, Lu L, Wu Q, Chen Q. Night shifts, insomnia, anxiety,
and depression among Chinese nurses during the COVID-19 pandemic remission
period: A network approach. Front Public Health (2022) 10:1040298. doi: 10.3389/
fpubh.2022.1040298

43. Burger J, Isvoranu A-M, Lunansky G, Haslbeck JMB, Epskamp S, Hoekstra
RHA, et al. Reporting standards for psychological network analyses in cross-sectional
data. psychol Methods (2022). doi: 10.1037/met0000471

44. Bai W, Xi H-T, Zhu Q, Ji M, Zhang H, Yang B-X, et al. Network analysis of
anxiety and depressive symptoms among nursing students during the COVID-19
pandemic. J Affect Disord (2021) 294:753–60. doi: 10.1016/j.jad.2021.07.072

45. Ren L, Wang Y, Wu L, Wei Z, Cui L-B, Wei X, et al. Network structure of
depression and anxiety symptoms in Chinese female nursing students. BMC Psychiatry
(2021) 21:279. doi: 10.1186/s12888-021-03276-1

46. Zhao K, Zhou S, Shi X, Chen J, Zhang Y, Fan K, et al. Potential metabolic
monitoring indicators of suicide attempts in first episode and drug naive young patients
with major depressive disorder: a cross-sectional study. BMC Psychiatry (2020) 20:387.
doi: 10.1186/s12888-020-02791-x

47. Chang J-C, Yen AM-F, Lee C-S, Chen SL-S, Chiu SY-H, Fann JC-Y, et al. Metabolic
syndrome and the risk of suicide: a community-based integrated screening samples cohort
study. Psychosom Med (2013) 75:807–14. doi: 10.1097/PSY.0000000000000014

48. Ko J-K, Han K-M, Shin C, Lee S-H, Han C, Kim Y-K, et al. Association of
metabolic syndrome and its components with suicidal ideation and depression in
adults: A nationally representative sample of the Korean population. J Affect Disord
(2019) 249:319–26. doi: 10.1016/j.jad.2019.02.049

49. Marazziti D, Rutigliano G, Baroni S, Landi P, Dell’Osso L. Metabolic syndrome
and major depression. CNS Spectr (2014) 19:293–304. doi: 10.1017/S1092852913000667

50. Beurel E, Toups M, Nemeroff CB. The bidirectional relationship of depression
and inflammation: Double trouble. Neuron (2020) 107:234–56. doi: 10.1016/
j.neuron.2020.06.002

51. Dolsen MR, Prather AA, Lamers F, Penninx BWJH. Suicidal ideation and
suicide attempts: associations with sleep duration, insomnia, and inflammation. Psychol
Med (2021), 51(12):2094–2103. doi: 10.1017/S0033291720000860
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