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Abstract
Backgrounds: Major depressive disorder is an ordinary mental disorder, suicide and physical health
deterioration are two major sequelae. Some studies indicate that metabolic levels are associated with
suicide attempt. Previous studies have focused on the relationship between suicide attempts and
metabolism in elderly patients with MDD, while ignore the young people. The aim of this study is to �nd
the potential relationship between suicide attempts and metabolism in young MDD patients to �nd a
promising way to effectively prevent and ultimately reduce suicide in young MDD patients.

Methods: Cross-sectional design was employed in the study.740 patients aged between 18 and 45 years
old with MDD had been consecutively recruited in this study, 128 of whom had suicide attempts. Their
serum samples which used to monitor fasting blood glucose, serum lipids as well as socio-demographic
characteristics were collected. Besides, some clinical scales were also employed to measure symptoms
of anxiety, depression and other conditions.

Results: This study indicated that compared with non-suicide attempters, suicide attempters in young
patients with MDD showed higher levels of FBG, TC, LDL-C (all p <0.05) and lower levels of HDL-
C(p<0.001). Further logistic regression analysis suggested that suicide attempts were associated with
increased FBG with an odd ratio (OR) of 1.832, decreased HDL-C with an OR of 1.891 and obvious anxiety
with an OR of 4.103.

Conclusions: suicide attempts in young patients with MDD may be predicted by metabolic levels in the
future. And our �ndings suggested that the level of FBG and HDL-C can be promising biomarkers to
predict the occurrence of this event.

Background
Major depressive disorder (MDD) is an ordinary mental disorder with a characteristic of insidious onset
and a recurrent course. It mainly manifests as depressed, reduced interest, impaired concentration,
insomnia or even intense suicidal ideation[1].Among all the factors that lead to years lived with disability
(YLD) ,mental disorders play a key role. However, approximately 40% of substantial disability and disease
burden originates from two major sequelae of MDD: suicide as well as physical health deterioration[2]. It
is obvious that there’s a connection between suicide and MDD. Suicidal behavior is a global cause of
injury and mortality, ranking as the �fteenth leading cause of death by WHO[3], which is sure to be the
worst outcome of MDD[4].

Referring to risk factors for suicide attempt (SA), earlier studies have clari�ed, including occurrence of a
major episode of depression[5],gender difference[6], age, education level, chronic diseases[7], the
disturbance of metabolism[8], alcohol dependence[9], smoking[10] and so on. Although the concrete
mechanisms are still unknown, speculations can be based on the foundation of these. According to the
data from WHO in 2017, about 800,000 people commit suicide worldwide. Among the age groups, the
incidence of suicide in youth is higher. On the basis of the de�nition of WHO, people who aged between
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18-45 are considered as young people. Besides, throughout the lifespan the rapidest growth in the death
number of suicide takes place between early period of adolescence and young adulthood[11]. Young
people are the backbone of a nation, thus suicidal attempts among youth warrant social concerns.

Metabolic levels are likely to have a bidirectional relationship with psychological distress [12] and are
also associated with suicidal attempts. The relationship between metabolism and suicide attempts has
been discussed in many studies. For instance, a community-based cohort study showed that metabolic
abnormalities are correlated with suicide[13].The study focused on the community and the objects of the
study are all older than 30 years old with no speci�c mental health diseases. It could be better if they also
focused on other different health care systems or more speci�c people. Therefore, this study didn’t
comprehensively analyze the relationship between metabolic levels and suicide in the condition of
speci�c diseases, like MDD. However, it gave inspirations that there indeed existed correlation between
metabolism and suicide. Another research revealed that lower serum cholesterol and triglyceride levels
were found in the bipolar disorder men with suicide attempts in comparison to those without suicide
attempts [8].However, Jalal Shakeri et al. expressed their opinions in the study that in patients with
bipolar disorder aged from 21 to 60 , the incidence of suicide attempt was associated with higher
cholesterol values[14].Both studies concentrated on the correlation between the serum cholesterol and
suicide in the bipolar disorder patients, but drew the different conclusions. Even though, several other
studies also held the view that low cholesterol increases suicidal risk[15-17].Thus, it is interesting to probe
into the distinction and relation. Except serum cholesterol, the level of blood glucose makes a difference
to the incidence of suicide as well. A pilot study suggested that abnormal glucose metabolism may
re�ect biological changes ahead or concomitant with suicide[18]. Diabetes mellitus with depression
showed higher past rate of suicide attempts [19].What’s more, a cohort study about investigating the risk
factors for future suicide found that diabetes rather than raised blood glucose impinge on
suicide[20].However, due to the low incidence of metabolic diseases in young people, most studies have
ignored this group, and we speculate that abnormal metabolism in patients with depression, although not
up to the disease standard, may also have an impact on suicidal behavior[21].

Taking a panoramic view of the studies, we �nd that researches on the relationship between metabolic
levels and suicide attempts in patients with MDD are rare or merely emphasizes on the one side. For
example, Ji Hyun Baek et al. suggested that in MDD patients , the serum lipids levels are associated with
suicide attempts[22]. Hannu Koponen et al. indicated that glucose disturbances and lipid metabolism
commonly exist in the groups of patients with depression aged 35 years and older [23],their results could
be better if the subjects of depression are further subdivided according to the degrees. Since of all the age
groups, the incidence of suicide in youth is higher. However, most related studies either concentrated on
the whole crowd nor on the middle-aged and elderly, while ignore the group of youth. The group of youth
is worthy of attention, for they are pillars of the society. Due to the pressure of life and other factors, more
and more young people are subjected to depression, some ignore at �rst and then develop into MDD and
�nally commit suicide. Previous studies inspired us that there were potential links between metabolic
levels and suicide attempts in patients with MDD. So we speculated that the relationship between
metabolic levels and suicide attempts in young patients with MDD can also be found.
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Therefore, we pay attention to this special groups, by systematically analyzing the correlation between
metabolic levels and suicide attempts in patients with MDD aged 18-45 so as to �nd biomarkers to
intervene when suicide ideation is in its infancy in the earlier life in MDD patients.

Methods
Study design

Cross-sectional design was employed in the study. The aim of this study is to �nd the potential
relationship between SA and metabolism in young MDD patients to �nd a promising way to effectively
prevent and ultimately reduce suicide in young MDD patients.

Subjects

According to the inclusion and exclusion criteria, this study had consecutively recruited 740 MDD
patients, 128 of whom had suicide attempts before. The inclusion criteria were (1)ethnic Han, aged from
18 to 45 years;(2)conformed to the MDD criteria on DSM-IV ;(3)the score of the 17-item Hamilton Rating
Scale for Depression (HAMD) reached 24 or greater and depressive symptoms were the �rst episode
when enrolled;(4)not contacted with any antidepressants or antipsychotics before. And the exclusion
criteria were (1) a psychiatric diagnosis except MDD; (2) people who had labile or severe physical
conditions, for example, epilepsy, liver or kidney diseases, diabetes, heart diseases and so on; (3) people
who were in pregnancy or breastfeeding; (4) with drugs addition and alcohol dependence; (5) those who
refused to take part in. The cross-sectional was adopted in the study. And as for those who agreed to
participate were inquired about the medical histories carefully and then underwent a systematic physical
examination as well as the laboratory inspection.  

Social demography and clinical measures collection and evaluation

Socio-demographic characteristics are made up of age, course of disease, age of onset, gender, cultural
degree, marital status, body mass index (BMI). As for the MDD patients who used to have suicide
attempts, their information about suicide attempts were required to be further learned about and
collected.

17-item Hamilton depression rating scale (HAMD) was used in the research in order to quantify the
severity of depression in subjects. The ratings on HAMD are con�rmed by a semi-structured clinical
interview with a maximum score of 52[24]. The standard for evaluation included: ≤7 means not
depressed; ≥8 means depressed; ≤17 means mild to moderate depressive symptom; and ≥24 means
severe depression[25]. The demarcation point of 24 is used to distinguish whether the patient is MDD or
not.

In addition, Hamilton anxiety rating scale (HAMA) was employed to comprehensively measure the
severity of perceived anxiety symptoms. All the items are rated on the 5-point scale, with a basic numeric
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scoring of 0 (not present) to 4 (severe). The total score of HAMA is 56[26]. If the �nal score reaches or
exceeds 21, the patient is considered having obvious anxiety symptoms.

The Positive and Negative Syndrome Scale (PANSS) was employed to assess the presence or absence of
mental symptoms and the severity of each symptom. On the basis of the level of psychopathology, each
item is scored on a 7-point scale. Those whose �nal scores reach or exceed 15 are de�ned as having
psychotic symptoms in this study[27, 28].

Requests of the staff

At least two quali�ed psychiatrists who have had a good training on the use of HAMD, HAMA and PANSS
scales were needed in the study. After the training, the correlation coe�cient of inter-raters on these
scales was more than 0.8. Above all, they were completely unaware of the patient's condition before the
test.

Measure standards of suicide attempts

Suicide attempts are de�ned that the person who had suicidal thoughts and committed suicide, but for
various reasons, he failed and was saved. By carefully enquiring the patients of whether patients have
attempted suicide in their lifetime, if they answered yes and then the person was regarded as suicide
attempters. After that, for suicide attempters, further questions were required to see the frequency, way
and concrete date of the suicide attempts. If they answered uncertainly or unclearly, complementary
information was gained by asking their family members, relatives or friends.

Collection and detection of serum samples and others

Overnight fasting blood samples of the patients were collected by the nurses and then delivered to the
hospital’s laboratory center to be measured by a chemiluminescence immunoassay using Cobas E610
(Roche, Basel, Switzerland). The serum indexes required included fasting blood-glucose (FBG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C)
and triglyceride (TG). The normal range was between 3.90-6.10 mmol/L for FBG, less than 5.17mmol/L
for TC,1.04-2.07 mmol/L for HDL-C, less than 3.10mmol/L for LDL-C and 0.56-1.69 mmol/L for TG.
Besides, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were also monitored.

Statistical analysis

Socio-demographic data and clinical characteristics between participants with and without suicide
attempts were analyzed by employing one-way analysis of variance (ANOVA) and Chi-squared test. In
addition, the binary logistic regression analysis was utilized to analyze the factors associated with
suicide attempts in young MDD patients. And then Pearson correlation analysis was used to explore the
potential correlations between the serum indictors and clinical variables. Bonferroni corrections were
used to adjust for multiple testing. All tests were two-sided with a p value of 0.05. The correlation
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intensity was quanti�ed by coe�cient value, odds ratio (OR) and 95% con�dence interval (CI). Data
analysis was conducted by using SPSS version 25.0.

Results
Table 1 compares the socio-demographics, clinical characteristics and metabolic indictors between MDD
patients with and without suicide attempts. Among all the MDD patients,128 of 740 (17.3%) met the
inclusion criteria as suicide attempters and the remain 612 (82.7%) were recognized as non-suicide
attempters. Compared with non-suicide attempters, suicide attempters had relatively higher serum levels
in FBG, TC, LDL-C, while lower level in HDL-C (all p <0.05). Besides, young MDD patients with SA also
showed differences in the course of disease, the scores of HAMD, HAMA, PANSS, and the blood pressure
compared with those without SA (all p<0.05).

Further binary logistic regression analysis(Table 2) indicated that in young MDD patients, suicide
attempts were related to increased FBG with an odd ratio(OR) of 1.832(95% CI: 1.071–3.133; df = 1, p <
0.05), decreased HDL-C with an OR of 1.891(95% CI: 1.207–2.962; df = 1, p < 0.01) and obvious anxiety
with an OR of 4.103(95% CI: 2.515-6.692; df = 1, p < 0.001).

In addition, Pearson correlation analysis showed that there existed correlations between the level of FBG
and the following parameters: depression(r=0.282,df=740, p<0.001), positive symptom (r=0.149, df=740,
p<0.001),anxiety(r=0.091,df=740, p=0.013); correlations also existed in the level of TC and
depression(r=0.563, df=740, p<0.001),positive
symptom(r=0.215,df=740,p<0.001),anxiety(r=0.277,df=740,p<0.001).Besides,LDL-C was associated with
depression(r=0.365, df=740, p<0.001), positive symptom (r=0.122, df=740, p<0.001), anxiety(r=0.193,
df=740, p<0.001) and HDL-C was associated with depression(r=-0.168, df=740, p<0.001), positive
symptom (r=-0.117,df=740, p=0.001), anxiety(r=-0.086, df=740, p=0.019)(Table 3). Except the difference
between FBG and anxiety, HDL-C and anxiety, all signi�cant differences had passed the Bonferroni
corrections (Bonferroni corrected p < 0.05/12=0.0041).

Table 1 Socio-demographics, clinical characteristics and metabolic indictors between patients with and
without suicide attempts
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Variable MDD without SA
(n=612)

MDD with SA
(n=128)

F/X2 P

Age, mean (SD), y 22.68 4.09 22.98 3.765 0.610 0.435

Course of disease, mean (SD),
m

4.58 2.99 5.54 3.85 9.710 0.002**

Gender            

Male, n (%) 236 38.6 51 39.8    

Female, n (%) 376 61.4 77 60.2    

Cultural degree            

Junior high school education
level, n (%)

29 4.8 13 10.2    

Senior high school education
level, n (%)

300 49.0 55 43.0    

University education level, n (%) 240 39.2 50 39.0    

Postgraduate education level, n
(%)

43 7.0 10 7.8    

Marital status            

Single 384 62.7 86 67.2    

Married 228 37.3 42 32.8    

HAMD, mean (SD) 29.71 2.84 32.08 2.75 74.600 0.000***

HAMA, mean (SD) 20.03 3.10 23.20 3.47 105.711 0.000***

Obvious anxiety (HAMA ≥ 21),
n (%)

270 44.1 102 79.7 740 0.000***

PANSS, mean (SD) 8.32 3.59 10.60 5.92 32.949 0.000***

Psychotic symptoms (PANSS
≥15)

43 7.02 24 18.75 6.643 0.012*

BMI, mean (SD), kg/m2 24.31 1.87 24.14 2.75 0.694 0.405

SBP, mean (SD), mmHg 111.82 9.19 119.42 12.57 62.909 0.000***

DBP, mean (SD), mmHg 72.98 5.81 76.63 7.01 38.651 0.000***

FBG, mean (SD), mmol/L 5.32 0.61 5.61 0.70 23.145 0.000***

Increase (FBG > 6.1mmol/L), n
(%)

66 10.8 29 22.7 13.334 0.000***
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TC, mean (SD), mmol/L 5.00 1.07 5.80 1.14 57.461 0.000***

Increase (TC > 5.17mmol/L), n
(%)

149 24.3 62 48.4 30.142 0.000***

HDL-C, mean (SD), mmol/L 1.25 0.28 1.12 0.31 20.920 0.000***

Decrease (HDL-C
<1.04mmol/L), n (%)

147 24.0 55 43.0 19.153 0.000***

LDL-C, mean (SD), mmol/L 2.84 0.86 3.17 1.01 14.378 0.000***

Increase (LDL-C >3.10mmol/L),
n (%)

222 36.3 70 54.7 15.024 0.000***

TG, mean (SD), mmol/L 2.12 0.97 2.25 1.05 1.756 0.185

Increase (TG >1.69mmol/L), n
(%)

368 60.0 79 61.7 0.112 0.738

Note: MDD without SA = major depressive disorder without suicide attempts; MDD with SA = major
depressive disorder with suicide attempts; HAMD = Hamilton depression rating scale, HAMA = Hamilton
anxiety rating scale; PANSS= The Positive and Negative Syndrome Scale; BMI = body mass index; SBP=
systolic blood pressure; DBP= diastolic blood pressure; FBG=fasting blood glucose; TC= total cholesterol;
HDL-C= high-density lipoprotein cholesterol; LDL-C= low-density lipoprotein cholesterol; TG= triglyceride.
*p < 0.05; **p < 0.01; ***p < 0.001.

 

Table 2 Logistic regression for factors associated with suicide attempts in MDD patients

Variable B S.E. Wald df Sig. Exp(B) 95% CI for EXP(B)

Lower      Upper

Psychotic symptom 0.456 0.297 2.362 1 0.124 1.578 0.882 2.825

Obvious anxiety 1.412 0.250 31.968 1 0.000*** 4.103 2.515 6.692

FBG increase 0.605 0.274 4.890 1 0.027* 1.832 1.071 3.133

TC increase 0.316 0.254 1.540 1 0.215 1.371 0.833 2.258

HDL-C decrease 0.637 0.229 7.740 1 0.005** 1.891 1.207 2.962

TG increase -0.323 0.222 2.119 1 0.145 0.724 0.468 1.119

LDL-C increase 0.192 0.238 0.650 1 0.420 1.211 0.760 1.930

Note: FBG=fasting blood glucose; TC= total cholesterol; HDL-C= high-density lipoprotein cholesterol; TG=
triglyceride; LDL-C= low-density lipoprotein cholesterol. * p < 0.05; **p < 0.01; ***p < 0.001
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Table 3 Inter-corrections between some serum variables and clinical variables

variables depression positive symptom anxiety

r p r p r p

FBG 0.282 0.000*** 0.149 0.000*** 0.091 0.013***

TC 0.563 0.000*** 0.215 0.000*** 0.277 0.000***

HDL-C -0.168 0.000*** -0.117 0.001 ** -0.086 0.019 *

LDL-C 0.365 0.000*** 0.122 0.001 ** -0.193 0.000 ***

Note: FBG=fasting blood glucose; TC= total cholesterol; HDL-C= high-density lipoprotein cholesterol; LDL-
C= low-density lipoprotein cholesterol. * p < 0.05; **p < 0.01; ***p < 0.001

Discussion
As far as we are concerned, our study for the �rst time put the emphasis on exploring the relationship
between metabolic levels and suicide attempts among young patients who were in �rst episode and drug
naive with MDD aged from 18-45.The sample size of this study was relatively large. The study aimed to
�nd the potential relationship between SA and metabolic levels in young MDD patients to �nd a
promising way to effectively prevent and ultimately reduce suicide in young MDD patients.

In general, this study found that in young MDD patients, suicide attempts have something to do with
relatively high level of FBG, TC, LDL-C in serum, low level of HDL-C as well as high level of blood pressure,
which may be promising biomarkers for evaluating suicidal attempts in patients with MDD. After binary
logistic regression analysis, it suggested that elevated levels of FBG, decreased levels of HDL-C and the
condition of obvious anxiety were regarded as independent risk factors for SA in young MDD patients.

As is suggested in this study that high level of FBG in serum is associated with suicide risk in MDD
patients aged from 18-45, which is in accordance with the previous studies to a certain extent. Koponen
revealed in his research that higher level of blood glucose for the OGTT at baseline and 2 hours were
found in depression patients with suicide attempt compared to those without suicide attempt[23]. Other
studies also showed the relationship between high level of blood glucose and suicide[20, 29]. Batty et al.
found that raised fasting blood glucose increases the risk of suicide in their 14 years follow-up studies.
And Ko et al. implicated that elevated level of fasting plasma glucose may lead to suicidal risk as well.
One possible mechanism may be that glucose is a ubiquitous source of energy, which can provide energy
to human brain cells. And some psychological processes like self-control and regulation of emotions are
associated with the supply of glucose in the brain cells[30]. Elevated peripheric blood glucose can re�ect
the signs of intracellular glucose de�ciency from the side. When the brain cells lack for glucose, the
dysregulation of emotions may occur, which can lead to aggressive impulses, pessimism and impulsivity.
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Hyperglycemia is a decrease in the ability of cells to absorb circulating glucose due to insulin de�ciency
or insulin resistance. It may explain why Diabetes mellitus combined with depression showed higher past
rate of suicide attempts. Morbid blood glucose metabolism can greatly aggravate the risks of suicide
attempts. Even though, we speculate that �uctuant blood glucose in normal range, especially elevate, can
also in�uence the brain cells take in glucose, which can also increase the risks of suicide attempts.
Moreover, we found that there existed correlations between the level of FBG and depression, anxiety and
psychotic symptoms. Generated suicidal ideation can be further ampli�ed when depression worsens[31].
Furthermore, Wanqiu Yang et al. suggested that anxiety deteriorated the depression and in MDD patients
increased the rate of suicide attempts[32]. Elevated glucose levels are associated with mood
disorders[33], thus we suggested that the changes of FBG can also indirectly increase the risks of SA by
aggravating the degree of anxiety, depression and psychotic symptoms, especially when FBG increased.

Our study also revealed that in MDD patients with suicide attempts who aged from 18-45 had higher
value of TC and LDL, which is inconsistent with some studies. For example, Segoviano-Mendoza et al.
discovered that in Northern Mexico, MDD patients associated with suicide attempts showed lower level of
cholesterol compared with healthy people[17].The difference may occurred by the regional disparities and
the ways of comparison was different from us. What’s more, Papadopoulou et al. suggested that
psychiatric patients who were used to have suicidal attempts showed lower TC than normal
people[34].However, the sample size of the study was relatively small and the objects of study didn’t
concreted to one speci�c disease, like MDD. Interestingly, Bartoli et al. showed in his research that serum
cholesterol had nothing to do with suicide attempts[15]. The participants in this study included patients
who  had taken antipsychotics and / or antidepressants before, and drugs can have an effect on serum
cholesterol levels as well as lead to confounding factors of the results. Besides, the average ages of the
objects in this study are relatively high. However, some other studies drew another conclusion. For
instance, Brunner et al. suggested that serum cholesterol and suicide had a positive
association[35].According to 2010 Korean National Health and Nutrition Examination Survey, Sun-Mi Kim
et al. found that people with suicidal ideation had relatively higher TC than those without suicidal
ideation[36]. Nevertheless, this study put the emphasis on the relationship between metabolic syndrome
and suicidal ideation in adolescents and adults, which didn’t make a study on the speci�c people with
MDD. Even though, we can also get inspired that the level of cholesterol may be different in different
groups or conditions. Our study focused on the young people, the possible hypothesis may be that the life
style has changed due to the improvement of living standards ,afterwards more and more young people
are susceptible to the diets or other factors that may in�uence the level of serum lipids. Besides, previous
studies made researches more on the westerners, while our study focused on Chinese. This may be the
source of difference. In short, the level of TC and LDL-C remained controversial to some extent, but
maybe the level of HDL-C can be used to predict suicide attempts in young MDD patients. Because our
study revealed that a decreased level of HDL-C was regarded as a risk factor of suicide attempts in young
patients with MDD. And we found that there existed relationship between the level of HDL-C and anxiety,
depression and psychotic symptoms. Buydens-Branchey et al. indicated that low HDL-C was associated
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with reduced 5-HT function[37].When 5-HT function reduced, it can aggravate the degree of depression
and increase the risks of suicide behaviors.

The current study we did had several limitations. Firstly, the cross-sectional design made causal
relationship between metabolic levels and suicide attempts in young MDD patients seem hard to be
drawn. Therefore, the longitudinal study should be considered in future studies in order to study the
causality better. Secondly, some other social demography factors that may in�uence the results were not
included in the study. For instance, the condition of drinking or smoking, economic condition and so on.
Thirdly, only certain age groups were studied, future studies will be done in other age ranges.

Conclusions
Identifying strong and accurate risk factors is a promising way to effectively prevent and ultimately
reduce suicide in young MDD patients. Our studies concluded that in young MDD patients with suicide
attempts, the levels of metabolism were quite different from those without SA. Among the metabolic
indictors, we indicated the level of FBG and HDL-C were promising biomarkers, especially elevated FBG
and decreased HDL-C. The results are important for clinical practice, because some changes in serum or
psychiatric symptoms can predict certain development trend of suicide attempts in young MDD patients.
Even though, more researches are still needed to clarify the intrinsic relationships between metabolism
and suicide attempts in young MDD patients, because some results are different from previous studies
which may be affected by some potential factors.

Abbreviations
MDD: Major Depressive Disorder; YLD: Years Lived with Disability; SA: Suicide Attempt; HAMD: Hamilton
Depression Rating Scale; HAMA: Hamilton Anxiety Rating Scale; PANSS: The Positive and Negative
Syndrome Scale; BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure;
FBG: Fasting Blood Glucose; TC: Total Cholesterol; HDL-C: High-density Lipoprotein Cholesterol; LDL-C:
Low-density Lipoprotein Cholesterol; TG: Triglyceride.

Declarations
Acknowledgements

We are grateful to all the medical staffs and patients in our study and to those who contributed to the
diagnosis and clinical evaluation of the subjects.

Ethics approval and consent to participate

This study was conducted at the psychiatric clinic department in a general hospital in Taiyuan, Shanxi
province, China. And the study was authorized by the Institutional Review Board (IRB) of the First Clinical
Medical College, Shanxi Medical University. All patients had signed the informed consent and were



Page 13/16

informed of having rights to make up their mind or refuse to participate or quit anytime. All procedures
carried out in studies conformed to the 1964 Helsinki Declaration and its subsequent amendments or
similar ethical standards.

Consent for publication

Not applicable.

Availability of data and materials

Data can be gained from the corresponding author.

Competing interests

None.

Funding

This work was supported by the basic scienti�c research project of Wenzhou (Y20180115), the Natural
Science Foundation of Zhejiang Province (No. LQ18H090009) as well as medical and health research
project of Zhejiang province (2020KY926). The funding body played no role in the study design, the
collection, analysis and interpretation of the data.

Authors' contributions

ZK, ZSY, ZXY, TW and WW participated in the research design. SX, CJU, ZYY, FKL and ZXY collected and
analyzed the data. ZXY, TW and WW helped conduct the analysis with constructive discussions. ZK, ZSY,
SX, CJU, ZYY, FKL, ZXY, TW and WW contributed to the writing of the manuscript. All authors had read
and approved the �nal manuscript.

References
1. Uher R, Payne JL, Pavlova B, Perlis RH: Major depressive disorder in DSM-5: implications for clinical

practice and research of changes from DSM-IV. Depress Anxiety 2014, 31(6):459-471.

2. Crane NA, Jenkins LM, Dion C, Meyers KK, Weldon AL, Gabriel LB, Walker SJ, Hsu DT, Noll DC,
Klumpp H et al: Comorbid anxiety increases cognitive control activation in Major Depressive
Disorder. Depress Anxiety 2016, 33(10):967-977.

3. Klonsky ED, May AM, Saffer BY: Suicide, Suicide Attempts, and Suicidal Ideation. Annu Rev Clin
Psychol 2016, 12:307-330.

4. Holma KM, Melartin TK, Haukka J, Holma IA, Sokero TP, Isometsa ET: Incidence and predictors of
suicide attempts in DSM-IV major depressive disorder: a �ve-year prospective study. Am J Psychiatry
2010, 167(7):801-808.



Page 14/16

5. Popovic D, Vieta E, Azorin JM, Angst J, Bowden CL, Mosolov S, Young AH, Perugi G: Suicide attempts
in major depressive episode: evidence from the BRIDGE-II-Mix study. Bipolar Disord 2015, 17(7):795-
803.

�. Jeon HJ, Woo JM, Kim HJ, Fava M, Mischoulon D, Cho SJ, Chang SM, Park DH, Kim JW, Yoo I et al:
Gender Differences in Somatic Symptoms and Current Suicidal Risk in Outpatients with Major
Depressive Disorder. Psychiatry Investig 2016, 13(6):609-615.

7. Barnes AJ, Eisenberg ME, Resnick MD: Suicide and self-injury among children and youth with chronic
health conditions. Pediatrics 2010, 125(5):889-895.

�. Vuksan-Cusa B, Marcinko D, Nad S, Jakovljević M: Differences in cholesterol and metabolic
syndrome between bipolar disorder men with and without suicide attempts. Prog
Neuropsychopharmacol Biol Psychiatry 2009, 33(1):109-112.

9. Lin JY, Huang Y, Su YA, Yu X, Lyu XZ, Liu Q, Si TM: Association between Perceived Stressfulness of
Stressful Life Events and the Suicidal Risk in Chinese Patients with Major Depressive Disorder. Chin
Med J (Engl) 2018, 131(8):912-919.

10. Mann JJ, Waternaux C, Haas GL, Malone KM: Toward a clinical model of suicidal behavior in
psychiatric patients. Am J Psychiatry 1999, 156(2):181-189.

11. Cha CB, Franz PJ, E MG, Glenn CR, Kleiman EM, Nock MK: Annual Research Review: Suicide among
youth - epidemiology, (potential) etiology, and treatment. J Child Psychol Psychiatry 2018, 59(4):460-
482.

12. Roohafza H, Sadeghi M, Naghnaeian M, Shokouh P, Ahmadi A, Sarrafzadegan N: Relationship
between Metabolic Syndrome and Its Components with Psychological Distress. Int J Endocrinol
2014, 2014:203463.

13. Chang JC, Yen AM, Lee CS, Chen SL, Chiu SY, Fann JC, Chen HH: Metabolic syndrome and the risk of
suicide: a community-based integrated screening samples cohort study. Psychosom Med 2013,
75(9):807-814.

14. Shakeri J, Farnia V, Valinia K, Hashemian AH, Bajoghli H, Holsboer-Trachsler E, Brand S: The
relationship between lifetime suicide attempts, serum lipid levels, and metabolic syndrome in
patients with bipolar disorders. International Journal of Psychiatry in Clinical Practice 2014,
19(2):124-131.

15. Bartoli F, Crocamo C, Dakanalis A, Riboldi I, Miotto A, Brosio E, Clerici M, Carra G: Association
between total serum cholesterol and suicide attempts in subjects with major depressive disorder:
Exploring the role of clinical and biochemical confounding factors. Clin Biochem 2017, 50(6):274-
278.

1�. Oh J, Kim TS: Serum lipid levels in depression and suicidality: The Korea National Health and
Nutrition Examination Survey (KNHANES) 2014. J Affect Disord 2017, 213:51-58.

17. Segoviano-Mendoza M, Cardenas-de la Cruz M, Salas-Pacheco J, Vazquez-Alaniz F, La Llave-Leon O,
Castellanos-Juarez F, Mendez-Hernandez J, Barraza-Salas M, Miranda-Morales E, Arias-Carrion O et



Page 15/16

al: Hypocholesterolemia is an independent risk factor for depression disorder and suicide attempt in
Northern Mexican population. BMC Psychiatry 2018, 18(1):7.

1�. Forsman J, Keltanen T, Liberg B, Sajantila A, Masterman T, Lindroos K: Glucose metabolism in
completed suicide: a forensic-pathological pilot study. Croat Med J 2017, 58(1):34-39.

19. Myers AK, Grannemann BD, Lingvay I, Trivedi MH: Brief report: depression and history of suicide
attempts in adults with new-onset Type 2 Diabetes. Psychoneuroendocrinology 2013, 38(11):2810-
2814.

20. Batty GD, David Batty G, Kivimaki M, Park IS, Jee SH: Diabetes and raised blood glucose as risk
factors for future suicide: cohort study of 1 234 927 Korean men and women. J Epidemiol
Community Health 2012, 66(7):650-652.

21. Chang BP, Franklin JC, Ribeiro JD, Fox KR, Bentley KH, Kleiman EM, Nock MK: Biological risk factors
for suicidal behaviors: a meta-analysis. Translational psychiatry 2016, 6(9):e887.

22. Baek JH, Kang ES, Fava M, Mischoulon D, Nierenberg AA, Yu BH, Lee D, Jeon HJ: Serum lipids, recent
suicide attempt and recent suicide status in patients with major depressive disorder. Prog
Neuropsychopharmacol Biol Psychiatry 2014, 51:113-118.

23. Koponen H, Kautiainen H, Leppänen E, Mäntyselkä P, Vanhala M: Association between suicidal
behaviour and impaired glucose metabolism in depressive disorders. BMC Psychiatry 2015, 15:163.

24. Leucht S, Fennema H, Engel R, Kaspers-Janssen M, Lepping P, Szegedi A: What does the HAMD
mean? J Affect Disord 2013, 148(2-3):243-248.

25. Lin CH, Wang FC, Lin SC, Chen CC, Huang CJ: A comparison of inpatients with anxious depression to
those with nonanxious depression. Psychiatry Res 2014, 220(3):855-860.

2�. Thompson E: Hamilton Rating Scale for Anxiety (HAM-A). Occup Med (Lond) 2015, 65(7):601.

27. Bornheimer LA, Jaccard J: Symptoms of Depression, Positive Symptoms of Psychosis, and Suicidal
Ideation Among Adults Diagnosed With Schizophrenia Within the Clinical Antipsychotic Trials of
Intervention Effectiveness. Arch Suicide Res 2017, 21(4):633-645.

2�. Kay SR, Fiszbein A, Opler LA: The positive and negative syndrome scale (PANSS) for schizophrenia.
Schizophr Bull 1987, 13(2):261-276.

29. Ko JK, Han KM, Shin C, Lee SH, Han C, Kim YK, Yoon HK, Ko YH: 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, 249:319-326.

30. Gailliot MT, Baumeister RF: The physiology of willpower: linking blood glucose to self-control. Pers
Soc Psychol Rev 2007, 11(4):303-327.

31. Capron DW, Norr AM, Macatee RJ, Schmidt NB: Distress tolerance and anxiety sensitivity cognitive
concerns: testing the incremental contributions of affect dysregulation constructs on suicidal
ideation and suicide attempt. Behav Ther 2013, 44(3):349-358.

32. Yang W, Zhang G, Jia Q, Qian ZK, Yin G, Zhu X, Alnatour OI, Trinh TH, Wu HE, Lang X et al: Prevalence
and clinical pro�les of comorbid anxiety in �rst episode and drug naive patients with major



Page 16/16

depressive disorder. J Affect Disord 2019, 257:200-206.

33. Ceretta LB, Réus GZ, Abelaira HM, Jornada LK, Schwalm MT, Hoepers NJ, Tomazzi CD, Gulbis KG,
Ceretta RA, Quevedo J: Increased prevalence of mood disorders and suicidal ideation in type 2
diabetic patients. Acta diabetologica 2012, 49 Suppl 1:S227-S234.

34. Papadopoulou A, Markianos M, Christodoulou C, Lykouras L: Plasma total cholesterol in psychiatric
patients after a suicide attempt and in follow-up. Journal of affective disorders 2013, 148(2-3):440-
443.

35. Brunner J, Bronisch T, P�ster H, Jacobi F, Hö�er M, Wittchen H-U: High Cholesterol, Triglycerides, and
Body-Mass Index in Suicide Attempters. Archives of Suicide Research 2006, 10(1):1-9.

3�. Kim S-M, Lee C-S, Park C-S, Kim B-J, Cha B, Lee S-J, Seo J-Y, Kim J: Metabolic syndrome and suicidal
ideation in korean based on the 2010 korean national health and nutrition examination survey.
Psychiatry investigation 2014, 11(3):325-329.

37. Buydens-Branchey L, Branchey M, Hudson J, Fergeson P: Low HDL cholesterol, aggression and
altered central serotonergic activity. Psychiatry research 2000, 93(2).


