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Background: Major depressive disorder (MDD) is a common psychiatric disorder with a high prevalence of comorbidity with
subclinical hypothyroidism. The aim of this study was to investigate the prevalence and factors influencing the comorbidity of
subclinical hypothyroidism in patients with dyslipidemic MDD who were hospitalized for the first time in a Chinese population.
Methods: The study incorporated 708 first-time hospitalized MDD patients, all with dyslipidemia. Data collection encompassed
socio-demographic information, blood pressure, fasting blood glucose (FBG), lipid, and thyroid hormone levels. Participants were
evaluated using the Hamilton Depression Scale (HAMD), Hamilton Anxiety Scale (HAMA), and Positive Symptom Subscale (PSS).
Results: The prevalence of subclinical hypothyroidism in dyslipidemic MDD patients with the first hospitalization was 39.97%. The
course of the disease, age at onset, HAMA score, and low-density lipoprotein cholesterol (LDL-C) were risk factors for subclinical
hypothyroidism in dyslipidemic MDD patients. The course of disease, age at onset, HAMA score, HAMD score, FBG, and systolic
blood pressure (SBP) levels were observed to influence serum Thyroid Stimulating Hormone (TSH) levels.

Conclusion: MDD patients with dyslipidemia have a high prevalence of subclinical hypothyroidism, and the outcome is associated
with anxiety, fasting glucose, and lipids. This study provides a potential biomarker for the identification of co-morbid subclinical
hypothyroidism in MDD patients with dyslipidaemia.
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Introduction

Major depressive disorder (MDD) is a very common psychiatric disorder that is part of the affective disorder spectrum
and shares a common biological basis with other affective disorder spectrum disorders." MDD is characterised by
depressed mood, diminished interest and loss of pleasure, accompanied by somatic symptoms such as loss of appetite and
insomnia, and which remains one of the leading causes of the global burden of disease,” with an estimated annual
economic cost of approximately $12 billion.” The lifetime prevalence of MDD in China is 3.4% and the 12-month
prevalence is 2.1%.* Although there have been many studies that have made very significant progress in better under-
standing the pathophysiology of MDD, the pathogenesis of MDD remains unclear.” MDD has been shown to be
associated with increased morbidity and mortality from vascular disease.®’ American Heart Association identifies
MDD as a tier II risk factor for early cardiovascular disease.® Disorders of lipid metabolism are often observed in
patients with MDD in clinical practice.” And dyslipidemia is an important risk factor for cardiovascular disease.'® Many

11-13

studies have demonstrated a relationship between MDD and dyslipidemia, which not only affects the prognosis of

MDD patients but also increases the risk of premature death.'
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The pathophysiological mechanism of MDD is also closely related to the somatic endocrine metabolic state, and the
thyroid gland is one of the glands responsible for metabolism in the body, which secretes thyroid hormones that can
affect the body’s energy metabolism, cardiovascular function, cerebral neurotransmission, and other physiological
processes.'” It has been shown that the prevalence of MDD is higher in patients with subclinical hypothyroidism,'¢!”
and several studies on subjects of different ethnic and cultural backgrounds have shown that the incidence of depression
increases immediately after hypothyroidism or thyroidectomy.'®'? Thyroid function is not only closely related to MDD
but also affects lipid metabolism in the body.”® Hypothyroidism, which leads to the development of hypercholester-
olaemia, is mainly associated with reduced activity of low-density lipoprotein (LDL) receptors. In vivo control of free
trilodothyronine (FT3) over sterol regulatory element binding protein 2 (SREBP-2), which regulates cholesterol bio-
synthesis by limiting the activity of the degradative enzyme 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-
CoA), is reduced.”’ At the same time, hypercholesterolaemia may have toxic effects on the pituitary-thyroid axis.
Thyroid follicular cells from mice fed a hypercholesterolemic diet showed significant accumulation of lipid droplets,
cytoplasmic loss and mitochondrial degeneration under electron microscopy.?? It has also been shown that mice fed
a high cholesterol diet have elevated serum cholesterol levels and TSH levels, significantly elevated pituitary cholesterol
levels, and structural changes in TSH cells in the anterior pituitary compared to mice fed a normal diet.>> The above
studies have shown that MDD, dyslipidemia and thyroid function are closely related to each other.

Therefore, we conducted the present study with an aim to find out the prevalence of subclinical hypothyroidism in
patients with dyslipidaemic MDD at the time of first hospitalisation and the factors influencing it. Aims of the study: 1.
To assess the prevalence of subclinical hypothyroidism in patients with dyslipidemic MDD. 2. To analyse the factors
influencing subclinical hypothyroidism. 3. And to explore the relationship between demographic data, clinical parameters
and serum TSH levels.

Materials and Methods

Subjects
A total of 708 patients with MDD with dyslipidemia were admitted to the Wuhan Mental Health Center between
July 2017 and August 2022.

To be eligible for the study, patients needed to meet the following criteria: meet the 10th revision diagnostic standards
for MDD according to the International Classification of Diseases (ICD-10); meet the dyslipidemia criteria outlined in
the guidelines for the prevention and treatment of dyslipidemia in Chinese adults®* (total cholesterol (TC) > 5.2 mmol/I
or triglycerides (TG) > 1.7 mmol/l or low-density lipoprotein cholesterol (LDL-C) > 3.4 mmol/l or high-density
lipoprotein cholesterol (HDL-C) < 1.0 mmol/l);**> have no prior history of hospitalization before the day of admission;
be between 18 and 60 years old; and have a score of >24 on the 17-item Hamilton Depression Scale (HAMD-17).

The following formula was used to determine the sample size: n = Zp(1 — p)/d. n, sample size; Z, 95% confidence
interval, equal to 1.96; d, marginal error, equal to 0.05; and p, expected prevalence, equal to 0.35. The estimated sample
size was 350 cases. A total of 739 inpatients were screened, of whom 31 were excluded for the following reasons: During
pregnancy or lactation (n =3); Having a history of psychoactive substance dependence (n =7); Suffering from a serious
physical illness or personality disorders (n =3); Those with a clear history of diabetes before the onset of MDD and
treated with glucose - lowering medications (n =18). (shown in Figure 1). Finally, a total of 708 individuals were
included in this study. Therefore, the sample size in this study was able to provide a sufficient level of certainty for
statistical analyses.

The study was approved by the Ethics Committee of Wuhan Mental Health Centre under approval number
KY20170201.01. All participants provided written informed consent signed by the patients themselves or their families.

Research Design

In this study, a cross-sectional design was used to examine the prevalence of subclinical hypothyroidism in patients with
dyslipidaemic MDD who were hospitalized for the first time and to analyse the factors affecting thyroid function. We
defined patients with thyroid stimulating hormone (TSH) >4.2ulU/mL and free tetraiodothyronine (FT) as in the normal
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[ Assessed for eligibility (n=739) }

Excluded ( n =31)

® During pregnancy or lactation ( n =3)

® Having a history of psychoactive substance dependence ( n =7)

® Suffering from a serious physical illness or personality disorders ( n =3)

® Those with a clear history of diabetes before the onset of MDD and
treated with glucose - lowering medications ( n =18)-

[ Enrolled (n=708) ]

® Collecting of general demographic information
® Assessing psychosomatic symptoms

® Measuring anthropometric data

® Measuring biochemical parameters

[ SCH group (n=283) ]7‘{ NTF group (n=425) ]

Analyzed (n=708)

Figure | Flow chart.
Abbreviations: SCH, subclinical hypothyroidism; NTF, normal thyroid function.

range as the subclinical hypothyroidism (SCH) subgroup and other patients as the normal thyroid function (NTF),>%?’

and compared the two clinical subgroups concerning demographic and general clinical data. Risk factors for subclinical
hypothyroidism in dyslipidemic MDD patients were analyzed, and the relation between TSH levels and socio-
demographic and clinical parameters was examined through multiple linear regression analysis.

We collected general clinical data on the day of admission for patients with MDD who met the inclusion criteria. These data
included patients’ age, gender, age of onset, course of disease, marital status, history of outpatient treatment. History of suicide was
obtained by asking for specific information in the medical history. The severity of depressive symptoms was assessed using the
HAMD-17, anxiety symptoms using the 14-item Hamilton Anxiety Scale (HAMA-14), psychotic symptoms using the Positive
Symptom Subscale (PSS) comprising items P1-P7 from the Positive and Negative Symptom Scale (PANSS), and illness severity
using the Clinical Global Impression Inventory (CGI). In addition, the following indicators were extracted from the medical
record system, including the patient’s blood lipid profile (specifically: TC, TG, LDL-C, HDL-C), fasting blood glucose (FBG)
level, body mass index (BMI), blood pressure level (specifically: systolic blood pressure, SBP; diastolic blood pressure, DBP),
and thyroid function (specifically: TSH: thyroid stimulating hormone; FT5: free triiodothyronine; FT: free tetraiodothyronine).

The relevant psychometric measures were assessed by two psychiatrists with primary care levels who had received
uniform training at the medical centers where the sample was obtained.
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Data Analysis

Numerical variables that conformed to a normal distribution were expressed as means and standard deviations, whereas
categorical variables were expressed as counts. Independent samples #-tests were used to compare continuous variables
across subgroups, and chi-square tests were used to compare ratios. To examine variables affecting subclinical hypothyr-
oidism, variables that differed in univariate analysis were included as independent variables in a binary logistic
regression model with subclinical hypothyroidism as the outcome variable. Finally, using multiple linear regression
analysis to determine the influencing factors of thyroid function in the target population. A variance inflation factor (VIF)
was used to assess multicollinearity between independent variables, with VIF > 5 indicating the presence of multi-
collinearity. The threshold of significance was set at less than 0.05 and all p-values were two-tailed. Statistical analyses
were performed with SPSS 26 (SPSS, Inc., Chicago, IL).

Results

Differences Between the Two Groups in MDD with or without Subclinical
Hypothyroidism

Among the 708 patients with dyslipidemic MDD (There were 416 cases of one type of dyslipidaemia, 222 cases of two
types of dyslipidaemia, 68 cases of three types of dyslipidaemia and 2 cases of four types of dyslipidaemia), 283 had
subclinical hypothyroidism, representing 39.97% of the total sample. This report showed differences in some clinical
parameters between the two subgroups of patients with SCH and NTF. HAMD, HAMA and PSS scores and some
metabolic parameters (FBG, TC, LDL-C, BMI, SBP, DBP) were significantly higher in the SCH subgroup than in the
NTF subgroup. However, patients in the SCH subgroup had a shorter duration of disease (Table 1).

Table | The Demographic and General Clinical Data in Different Clinical Subgroups

Index Total Patient (N=708) SCH (N=283) NTF (N=425) tly? P
Age-years 36.09£1.60 37.18+£12.48 35.37£12.65 1.87 0.062
Course of disease-months 10.91+£4.46 10.13+4.88 11.43£4.08 =371 <0.001*
Onset age-years 34.58+12.51 36.01+£12.38 33.63+12.52 2.49 0.013*
HAMD 29.90+2.97 30.90+3.07 29.2242.69 779 <0.001*
HAMA 20.54+3.52 20.9143.94 20.2943.18 2.22 0.027*
PSS 9.01+4.70 10.29+5.85 8.15+3.50 5.52 <0.001*
CGlI-SI 5.92+0.72 5.98+0.79 5.88+0.67 1.65 0.100
FT3-pmol/mL 4.92+0.69 4.90+0.7 | 4.9310.67 —-0.55 0.581
FT4-pmol/mL 16.77+3.04 16.66+2.98 16.84+3.08 —-0.80 0.425
TSH-ulU/mL 4.19+2.64 6.43+2.71 2.69+1.07 22.11 <0.001*
FBG - mmol/L 5.29+0.65 5.55+0.69 5.12+0.55 8.75 <0.001*
TC-mmol/L 4.9840.96 5.26+0.90 4.8040.95 6.56 <0.001*
HDL-C-mmol/L 1.31£0.23 1.30£0.23 1.31+0.24 -0.76 0.449
TG-mmol/L 2.45+0.97 2.47+0.99 2.44+0.95 0.51 0.612
LDL-C-mmol/L 2.75+0.80 2.84+0.83 2.69+0.78 2.48 0.013*
BMI-kg/m2 24.20+1.80 24.40+1.86 24.07+1.74 2.40 0.017*
SBP-mmHg 117.02+11.43 122.73+£10.09 113.22+10.67 11.89 <0.001*
DBP-mmHg 74.95+7.08 77.70+7.03 73.1246.51 8.87 <0.001*
WC-cm 79.73+8.37 80.30+8.37 79.3548.35 1.487 0.137
Gender 0.42 0519

Male 230, 32.5% 88, 31.10% 142, 33.4%

Female 478, 67.5% 195, 68.9% 283, 66.6%
Marital status 5.30 0.021*

Unmarried 212, 29.9% 71, 25.1% 141, 33.2%

Married 496, 70.1% 212, 74.9% 284, 66.8%

(Continued)
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Table | (Continued).

Index Total Patient (N=708) SCH (N=283) NTF (N=425) tl? P
Treatment history 0.56 0.456
Yes 452, 63.8% 176, 62.2% 276, 64.9%
NO 256, 36.2% 107, 37.8% 149, 35.1%
Educational background 0.88 0.348
High school and below 504, 71.2% 207, 73.1% 297, 69.9%
Bachelor and above 204, 28.8% 76, 26.9% 128, 30.1%
Suicidal history 15.15 <0.001*
Yes 105, 14.8% 60, 21.2% 45, 10.6%
NO 603, 85.2% 223, 78.8% 380, 89.4%

Note: *p<0.05.

Abbreviations: SCH, subclinical hypothyroidism; NTF, normal thyroid function; HAMD, Hamilton Depression Scale score; HAMA, Hamilton Anxiety Scale
score; PSS, Positive symptom subscale; CGI-SI, Clinical Global Impression Scale - Severity of lliness; FT3, Free triiodothyronine; FT4, Free tetraiodothyr-
onine; TSH, thyroid stimulating hormone; FBG, fasting blood glucose; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglycerides;
LDL-C, low density lipoprotein cholesterol; BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference.

Determinants of MDD Patients with Subclinical Hypothyroidism: Based on a Binary
Logistic Regression Model

A binary logistic regression model (backward: Wald) was constructed with subclinical hypothyroidism as the outcome variable
and parameters that differed in the univariate analysis as independent variables, showing that course of disease (B = 0.07, p =
0.003, OR=1.07), onsetage (B=0.07,p<0.001, OR=1.07), HAMA score (B=0.19,p<.001,OR=1.21) and LDL-C (B=0.29,
p=0.049, OR = 1.33) were risk factors for dyslipidemia MDD with subclinical hypothyroidism, while HAMD score (B =—0.26,
»<0.001,0R=0.77), FBG level (B=-0.96, p <0.001, OR =0.39), SBP level (B =-0.15, p <0.001, OR = 0.86) were protective
factors, and these results are summarized in Table 2.

onstruction of Multiple Linear Regression Analysis with TSH Level as the Outcome
Variable

Multiple linear regression equations were constructed using TSH level as the outcome variable and general clinical data
and metabolic parameters as independent variables. The results showed that SBP (B = 0.11, t = 7.96, p < 0.001), Onset
age (B=-0.04,t=-3.27, p=00.001), FBG (B =0.80, t =5.29, p < 0.001), HAMD (B =-0.13, t = -2.69, p = 0 0.008),
HAMA (B =0.37,t=9.55, p <0.001) and LDL-C (B = 0.27, t = 2.03, p = 0 0.043) were significantly affected thyroid
function (Table 3).

Table 2 Binary Logistic Regression Analyses of Determinants of Thyroid Dysfunction in Dyslipidemic MDD Patients

Coefficients Std. Error Wald p-value 95% CI for Exp(B)

B Exp(B) Lower Upper
Constant 26.36 2.48 112.74
Course of disease-months 0.07 0.02 8.97 0.003* 1.07 1.02 1.12
Onset age-years 0.07 0.01 3481 <0.001* 1.07 1.05 1.09
HAMD —0.26 0.05 2841 <0.001* 0.77 0.70 0.85
HAMA 0.19 0.04 25.57 <0.001* 1.21 1.12 1.30
FBG - mmol/L —0.96 0.17 30.83 <0.001* 0.39 0.28 0.54
TC-mmol/L -0.23 0.13 291 0.088 0.80 0.6l 1.04
LDL-C-mmol/L 0.29 0.15 38 0.049* 1.33 1.00 1.78
BMI-kg/m2 —-0.10 0.06 342 0.064 0.90 0.8l 1.01
SBP-mmHg —0.15 0.02 93.46 <0.001* 0.86 0.84 0.89

Note: *p<0.05.
Abbreviations: HAMD, Hamilton Depression Scale score; HAMA, Hamilton Anxiety Scale score; FBG, fasting blood glucose; TC, total cholesterol;
LDL-C, low-density lipoprotein cholesterol; BMI, Body mass index; SBP, systolic blood pressure.
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Table 3 Factors Affecting TSH Levels: a Model Based on Multiple Linear Regression Analysis

B Std. Error t 95% CI p-value VIF
Lower Upper

Constant —15.24 1.77 —8.59
SBP-mmHg 0.11 0.01 7.96 0.09 0.14 <0.001* 1.97
Onset age-years —0.04 0.0l -3.27 —0.06 —-0.01 0.001* 1.66
FBG - mmol/L 0.80 0.15 5.29 0.51 1.10 <0.001* 1.06
HAMD —-0.13 0.05 —2.69 —-0.23 —0.04 0.008* 2.08
HAMA 0.37 0.04 9.55 0.29 0.45 <0.001* 221
LDL-C-mmol/L 0.27 0.14 2.03 0.0l 0.54 0.043* 1.18

Note: *p<0.05.
Abbreviations: SBP, systolic blood pressure; FBG, fasting blood glucose; HAMD, Hamilton Depression Scale score; HAMA,
Hamilton Anxiety Scale score; LDL-C, low-density lipoprotein cholesterol.

Discussion

This study investigated the prevalence of subclinical hypothyroidism and associated factors influencing it in a large
sample of first-time hospitalized patients with dyslipidaemic MDD. The main findings were as follows: (1) The
prevalence of subclinical hypothyroidism among dyslipidemic MDD patients was 39.97%. The HAMD, HAMA and
PSS scores and some metabolic parameters (FBG, TC, LDL-C, BMI, SBP, DBP) were significantly higher in the SCH
subgroup than in the NTF subgroup. (2) Risk factors for subclinical hypothyroidism in the target population included
course of disease, age at onset, HAMA score, and LDL-C levels. (3) Course of disease, age at onset, HAMA score,
HAMD score, FBG, and SBP levels significantly influenced serum TSH levels.

Our study showed that the prevalence of subclinical hypothyroidism in dyslipidemic MDD patients was 39.97%.
There are many reports on the prevalence of subclinical hypothyroidism diagnosed by MDD, but there is a great deal of
heterogeneity in the reported prevalence rates, and there are several potential factors contributing to this heterogeneity. In
a previous study of first-onset, unmedicated MDD patients in a Chinese population, the prevalence of subclinical
hypothyroidism was 60.7%,?® which is much higher compared with the prevalence of subclinical hypothyroidism in
our present study (39.97%). In contrast, in a study on the relationship between depression and comorbid thyroid disease
in a European population, the point prevalence of MDD combined with hypothyroidism was found to be only 13.2%2°,
which is significantly lower than the prevalence found in our study. There may be several reasons for these differences:
first, MDD patients have reduced activity and exercise due to the effects of the disease, and some of them have
overeating habits, leading to an increase in the proportion of obese and overweight patients.*® These poor lifestyles
will eventually lead to abnormal lipid levels. Antidepressants or antipsychotics can affect metabolism, leading to adverse
effects such as weight gain and dyslipidaemia.’' Secondly, depression and abnormal lipid metabolism may share
common acute systemic responses, such as the hypothalamic-pituitary-adrenal axis, which also predispose patients
with MDD to lipid metabolism disorders.** Lipids also adversely affect thyroid function, and the thyroid gland may
be one of the target organs for lipotoxicity, with abnormal lipid metabolism being a potential risk factor for subclinical
hypothyroidism.>* In addition, excessive accumulation of cholesterol may cause thyroid dysfunction.>*>> In our study,
the diagnostic criteria for subclinical hypothyroidism were broader and therefore the prevalence was higher than that of
hypothyroidism.

Another important result of this study was the finding that the course of disease, onset age, HAMA scores, and LDL-
C levels were risk factors for comorbid subclinical hypothyroidism in patients with dyslipidemic MDD. A study on the
effect of thyroid function on the risk of readmission after hospital discharge in patients with MDD showed that the longer
the duration of disease in MDD patients, the more likely they were to develop subclinical hypothyroidism.*® One study
showed that patients with MDD at a later age of onset had higher TSH levels,?” and anxious MDD patients had higher
TSH levels than those without anxiety,>” which suggests that a later age of onset and a high HAMA score are more likely
to be associated with subclinical hypothyroidism. The above findings are important support for our findings, in addition
to the fact that lipid levels are also an important influence on thyroid function. Lipid metabolism plays an important role
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in thyroid function maintained by thyroid stimulating hormones, and subclinical hypothyroidism is a common endocrine
disorder associated with dyslipidemia.*® A study conducted in an Indian population on response to levothyroxine
treatment in patients with subclinical hypothyroidism showed higher LDL-C levels in the subclinical hypothyroidism
group compared to the control group,’® which is consistent with our study.

We also found that onset age, LDL-C levels, HAMA score, HAMD score, FBG, and SBP significantly affects serum TSH
levels. We found that HAMA scores significantly affect serum TSH levels, which is in agreement with several other
studies.®4***? The results of these studies suggest that the severity of depressive symptoms and the severity of anxiety
symptoms in MDD significantly affect serum TSH levels. This is due to the fact that TSH is involved in mood regulation in
two ways, either by acting on the o and f subtypes of thyroid hormone receptors in the limbic system to regulate mood**** or
by modulating the 5-hydroxytryptaminergic and y-aminobutyric acidergic systems in the brain.*>**® In terms of metabolism,

we found that FBG and LDL-C significantly affect serum TSH levels, which is consistent with the view of Zhu et al.*’

A study has shown that abnormal thyroid function can increase the risk of developing diabetes and diabetic complications.*®
Previous studies have suggested a possible common etiology of MDD, thyroid disease, and diabetes, namely an imbalance in
the neuroendocrine network.*’ In addition, previous studies validated our view that LDL-C significantly affects TSH levels.>°
In terms of blood pressure, it has been demonstrated that subclinical hypothyroidism is associated with hypertension,”" and
our study found that SBP was independently and correlated with subclinical hypothyroidism in MDD patients with
dyslipidemia, which may be due to subclinical hypothyroidism causing abnormalities in lipid metabolism and subsequently
atherosclerosis, which ultimately leads to changes in blood pressure.>?

According to our findings, in clinical work, it is important to pay attention to the patient’s age, duration of the disease,
anxiety symptoms and to detect the patient’s LDL-C serum level, which can help us to monitor the patient’s thyroid function
in a timely manner, to control the progression of the disease, and to avoid any adverse effects on the patient’s prognosis.

There are several limitations of this study that need to be addressed. First, the cross-sectional design of this study did
not allow for the determination of causal or reverse causal relationships between thyroid function and clinical variables in
patients with MDD. In order to reveal the causal relationship between these effects and subclinical hypothyroidism,
future studies should use longitudinal studies. Second, our study population consisted of both first-episode unmedicated
patients and patients with a history of outpatient treatment, which may have confounded medication effects. Third, this
study was conducted in a Chinese population and should not be generalised to other populations.

Conclusion

In conclusion, this study found a high prevalence of subclinical hypothyroidism in patients with dyslipidaemic MDD. In
the target population, thyroid function is affected by a variety of clinical parameters, which provide potential biomarkers
for early identification of subclinical hypothyroidism.
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MDD, Major Depressive Disorder; HAMD, Hamilton Depression Scale score; HAMA, Hamilton Anxiety Scale score;
SCH, subclinical hypothyroidism; NTF, normal thyroid function; PSS, Positive symptom subscale; CGI-SI, Clinical
Global Impression Scale - Severity of Illness; FT3, Free triiodothyronine; FT,4, Free tetraiodothyronine; TSH, thyroid
stimulating hormone; FBG, fasting blood glucose; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol;
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