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Several studies have reported a link between lipid disorders and suicidality. However, few
studies have investigated the relationship between suicidal behavior and blood lipid profiles in
patients with first-episode and drug-naive (FEDN) major depressive disorder (MDD). Themain
purpose of this study was to examine the relationship between plasma lipid profiles and
suicide attempts in a large sample of FEDN MDD patients in the Chinese Han population,
which has not been reported. A total of 1,718 MDD outpatients were recruited. Their clinical
and demographic data as well as plasma lipid parameters were collected. We obtained
suicide attempt data through interviews with patients and their family members. We rated the
Hamilton Depression Scale (HAMD) and Hamilton Anxiety Scale (HAMA) for all patients. The
suicide attempt rate of MDD patients was 20.14%, of which 13.68% in the last month and
6.46% in the past. Further, compared with non-attempters, suicide attempters had
significantly higher total levels of cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-c), higher HAMA and HAMD scores, but significantly lower high-density lipoprotein
cholesterol (HDL-c) levels. Logistic regression analysis showed that suicide attempts were
correlated with higher TC, lower HDL-c, and higher HAMA and HAMD scores with the
adjusted odds ratio (OR) of 1.35, 0.52,1.28, and 1.08, respectively (all p < 0.05). Our findings
suggest that FEDN patients with MDD have a high rate of attempted suicide. In the early
stage of MDD patients, certain blood lipid parameters and more severe symptoms of anxiety
and depression are correlated with suicide attempts. However, due to the cross-sectional
design of this study, it is impossible to draw a causal relationship between lipid profiles and
suicide attempts. Moreover, an inverse correlation can also be considered, that is, high
cholesterol may be the consequence of suicide attempts and depression.
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INTRODUCTION

In China, the suicide attempt rate of patients with major
depressive disorder (MDD) is reported to be 7.3 to 48.4% (1),
and in other countries, it is 16.9 to 33.7% (2–4). Moreover, more
than 90% of people who die by suicide suffer from one or more
mental illnesses, especially MDD, accounting for 59–87% of all
suicides (1, 5). A systematic review suggests that many
confounding factors may contribute to the risk of suicide in
MDD patients, such as gender, family history of mental illness,
more severe depression and comorbidities (6). In the past
decades, many researchers have been trying to identify
biomarkers that may be related to suicidal behavior. The role
of lipid disorders in suicide has always been one of the
researchers’ focuses (7, 8). For example, a previous study found
that the number of deaths among subjects treated with
cholesterol-lowering drugs increased significantly, including
suicide deaths (9). Subsequently, many studies have investigated
the relationship between total cholesterol (TC) levels and suicide,
but the results are conflicting (10–14). The association between
low TC levels and suicide has been found in MDD (15–18),
schizophrenia (19), personality disorder (20), anorexia nervosa
(21), panic disorder (22), and bipolar disorder (23), or even
in the general population (24), suggesting that low lipid
metabolism, especially TC, may be a potential biomarker of
suicidal behavior.

A large number of epidemiological and clinical studies have
shown that MDD subjects with lower TC levels have increased
suicide attempts (15–18, 25). For example, Papadopoulou et al.
reported that psychiatric patients with a history of suicide
attempts (including MDD) have lower TC levels. During their
follow-up, the TC levels remained low (18). Moreover, in
depression patients suffering from suicidal behavior, LDL-c,
TC levels (26) and triglycerides (TG) levels (27, 28) were
significantly lower. However, it has been reported that patients
with depression who attempt suicide have higher HDL-c levels
(27, 29). Further, some studies have shown that there is no
relationship between the blood lipid levels and suicidal behavior
in patients with depression (30–32), or even the opposite results
in community populations (13, 33) and depression patients (15,
34). For example, Brunner et al demonstrated that in the past 12
months, there was a positive correlation between TC or TG and
attempted suicide in patients with depression (34). A recent
longitudinal study has found that both low and high TC levels
can predict the incidence of suicidal ideation in the elderly,
regardless of life stress, social support, alcohol consumption,
depressive symptoms, and disability (35). Taken together, the
relationship between suicidal behavior and blood lipid levels in
MDD patients is still inconsistent.

Most of previous studies have had fewer clinical samples.
Moreover, most of the subjects in previous studies were
hospitalized or taking medication, which may affect diet and
Abbreviations: MDD, major depressive disorder; FEDN, first-episode and drug-
naïve; OR, odds ratio; BMI, body mass index; HAMD, Hamilton Depression Scale;
HAMA, Hamilton Anxiety Scale; HDL, high density lipoprotein; LDL, low density
lipoprotein; TC, total cholesterol.
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exercise habits, as well as subsequent lipid levels (15, 36, 37).
Interestingly, it was reported that patients with first episode
mental illness had a higher risk of suicide (38). Moreover, 60% of
depressed patients completed suicide at their first episode (39).
However, to our best knowledge, there is no study investigating the
relationship between suicide attempt and lipid levels in first episode-
depressed patients in a large sample. Moreover, it is unclear whether
lipid level is either a state or a trait marker of suicide attempt.

In this study, we recruited a large sample of first-episode drug-
naive (FEDN) MDD patients (n = 1,718) in a Chinese Han
population. It is worth noting that the study of patients with
first-episode MDD is helpful to understand the relationship
between suicide attempts and lipid metabolism in MDD, which
may minimize confounders, including drug treatment, course of
disease, and related mental illness and medical complications.
Therefore, the purposes of this study were (1) to investigate the
prevalence and clinical features of attempted suicide in FEDN
MDD patients, and (2) to identify contributors that are significantly
associated with attempted suicide in these MDD patients.
METHODS

Subjects
This was a cross-sectional naturalistic study conducted in a
psychiatric outpatient department of a general hospital in
Taiyuan, Shanxi Province, China. 1,718 patients were recruited
and met the following inclusion criteria: 1) Han nationality; 2) aged
between 18 and 60 years; 3) meeting MDD diagnosis in accordance
with the Diagnostic and Statistical Manual of Mental Disorders
(DSM) IV-TR; 4) at the first onset of MDD; 5) before entering the
study, did not receive any drugs, including antidepressants, anti-
anxiety drugs, antipsychotics, and other drugs that affect lipid levels,
such as lipid-lowering drugs; 6) except for smoking, no alcohol or
drug abuse disorders; 7) no pregnancy or lactation; 8) no major
medical abnormalities, including central nervous system diseases
and acute, unstable or life-threatening medical diseases such as
cancer and infections.

The study was approved by the Institutional Review Board (IRB)
of the First Clinical Medical College, Shanxi Medical University. All
subjects signed an informed consent form to participate in this study.
Socio-Demographic Characteristics
and Clinical Measures
Demographic and clinical data were collected by well-trained
researchers. Each patient completed a detailed questionnaire,
including general information and sociodemographic characteristics.
We also collected other information from available medical records.

Suicidal behavior includes attempted suicide or suicide.
Complete suicide (synonymous with suicide) is the act of
deliberately causing one’s own death. The definition of
attempted suicide is a self-destructive behavior aimed at
ending a person’s life without causing death. In this study, the
main outcome measure was attempted suicide. All participants
were asked “In your entire lifetime did you ever attempt suicide?”
September 2020 | Volume 11 | Article 543632
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If they gave an affirmative answer, they were coded as suicide
attempter. They were then asked about their previous suicide
attempts, including the following details: the number of
suicide attempts, the exact date and method of each suicide
attempt. If the answer was ambiguous, the researcher made
additional visits with the patients’ family members or clinical team
for confirmation. The suicide attempters were further divided into
two subgroup s: those who attempted suicide in the last month
(recent suicide group), and those who attempted suicide in the past
except for the last month (past suicide group).

The Hamilton Depression Scale (HAMD, 17 items) and
Hamilton Anxiety Scale (HAMA, 14 items) were assessed by
trained psychiatrists. In order to ensure the consistency and
reliability of the scores throughout the study, two psychiatrists
received training on the use of HAMD and HAMA before the
study. After training, repeated evaluations showed that the inter-
rater correlation coefficient of HAMD and HAMA total scores
was greater than 0.8. Two psychiatrist assessors were blind to the
patient’s clinical condition.

Blood Sample
On the day when the clinical rating scale was measured, blood
samples were collected between 6 am and 7 am after an overnight
fast. All samples were sent to the laboratory center of the hospital
immediately and measurements were taken before 11 am in the
morning of the same day. The plasma TC, TG, HDL-c, and
LDL-c levels were measured on the BECKMAN AU5800 system
(Beckman Coulter, Brea, California, USA).

Statistical Analysis
The prevalence of attempted suicide was expressed as a percentage.
The demographic and clinical variables of the recent suicide group,
past suicide group and non-suicide group were compared by using
the analysis of variance (ANOVA) for continuous variables and the
chi-square test for categorical variables. Since there was no
significant difference in lipid distribution between the recent
suicide group and the past suicide group, we combined these two
subgroups into one suicide attempt group. Then, we compared the
demographic and clinical variables between suicide attempters and
non-attempters by performing t-tests for continuous variables and
chi-square tests for categorical variables. Whereas there was a
significance in ANOVA test, analysis of covariance (ANCOVA)
was then conducted to control for the influence of confounding
factors. Finally, after controlling for the effects of age, gender, BMI,
age of onset, duration of illness, severity of depression symptoms
(HAMD) and severity of anxiety symptoms (HAMA), binary
logistic regression analysis (enter) was performed to assess the
factors associated with suicide attempts. Statistical analyses were
performed using SPSS 22.0 for Windows. All statistical tests were
two-tailed, and the significance level was set at ≤0.05.
RESULTS

A total of 1,718 patients included 588 men and 1,130 women.
Among them, 346 (20.14%) had a history of attempted suicide, of
Frontiers in Psychiatry | www.frontiersin.org 3
whom 235 (13.68%) had attempted suicide in last month and 111
(6.46%) had attempted attempt in the past except for the last month.
Their average age was 34.87 ± 12.43 years and the average course of
disease was 6.31 ± 4.73 months, with a range of 5 to 28 months.

Table 1 shows the socio-demographic and clinical data of the
recent suicide group, past suicide group, and non-suicide group.
There were significant differences in sex (c2 = 7.92, p = 0.02),
duration of illness (F = 6.87, p < 0.001) and BMI (F = 12.30, p <
0.001) between the three groups. Compared with the past suicide
group, the recent suicide group hadmore women (p = 0.02), shorter
duration of illness (p = 0.04), and higher BMI level (p < 0.001).

There were significant differences between the three groups,
including TC (F = 52.61, p < 0.001), TG (F = 3.59, p < 0.001),
HDL (F = 18.32, p < 0.001), LDL (F = 15.25, p < 0.001), HAMD
(F = 107.17, p < 0.001), and HAMA (F = 184.67, p < 0.001). Post
hoc analysis showed that TC and LDL levels, HAMD and HAMA
scores of the recent suicide group and past suicide group were
significantly higher than those of the non-suicide group (all p <
0.001). Moreover, HDL levels of the recent and past suicide
groups were significantly lower than that of the non-suicide
group (p < 0.001). However, there were no significant differences
in lipid parameters and HAMD and HAMA scores between the
recent and past suicide groups (all p > 0.001).

Since there were no significant differences in lipid parameters
between the recent and past suicide groups, we combined them into
one suicide group to compare the lipid profiles between suicide and
non-suicide groups. Table 2 shows the socio-demographic and
clinical data of these two groups. Suicide attempters were
significantly older (t = −2.10; p = 0.036), had a later age of onset
(t = 0.66; p = 0.04), longer duration of illness (t = −2.83; p = 0.01),
higher levels of TC (t = 10.19; p < 0.001), LDL-c (t = −5.51; p < 0.001)
and TG (t = −2.68;p = 0.008), higher HAMA (t = −16.83; p < 0.001),
andHAMD scores (t = −14.57; p < 0.001) but lower HDL-c levels (t =
6.05; p < 0.001) compared with non-attempters. After controlling for
sex, age, and BMI, further ANCOVA showed that the following
parameters between the two groups still remained significant: age of
onset (F = 1.91; p < 0.001), TC (F = 1.47; p < 0.001), LDL-c (F = 1.51;
p < 0.001) and TG (F = 1.27; p = 0.001), HDL-c (F = 1.45; p = 0.001),
HAMA (F = 18.50; p < 0.001), and HAMD scores (F = 14.45; p <
0.001). In addition, there was no significant correlation between the
number of suicide attempts and any lipid profiles (all p > 0.05).

Further binary logistic regression analysis showed that higher
TC, lower HDL-c, and higher HAMA and HAMD scores were
significantly associated with attempted suicide (Table 3), with
the adjusted odds ratio (OR) of 1.28 (standardized b = 0.24; 95%
CI: 0.12–1.35; df = 1, p < 0.01) for HAMA, 1.08 (standardized b =
0.08; 95%CI:0.11–1.16; df = 1, p = 0.01) for HAMD and1.35
(standardized b = 0.30; 95%CI: 0.11–1.59; df = 1, p < 0.01) for
TC, and 0.52 (standardized b = −0.65; 95% CI: 0.33–0.83; df = 1,
p < 0.01) for HDL-c.

In addition, we further conducted statistical analysis and
provided results based on clinical reference values. The normal
range of each index is as follow: 2.83–5.17 mmol/L for TC, ≤1.7
mmol/L for TG, ≥1.04 mmol/L for HDL-C, ≤3.12 mmol/L for
LDL-C. Then we classified normal TC and decreased TC into
one group for analysis because there were very few people (n =
September 2020 | Volume 11 | Article 543632
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11) with TC lower than 2.83 mmol/L. The chi-square test was
used to compare the metabolic indicators between attempted
suicide and non-suicide participants. Compared with those
without attempted suicide, those who attempted suicide had
significantly higher levels of TC and LDL-c but lower HDL-C
levels (all p < 0.05). Binary logistic regression analysis indicated
that in MDD patients, suicide attempts were associated with
HDL-c, with an OR of 0.73 (95% CI: 0.54–0.97; df = 1, p < 0.05).
Frontiers in Psychiatry | www.frontiersin.org 4
DISCUSSION

To our best knowledge, this is the first study to investigate the
association between lipid profiles and attempted suicide in such a
large FEDN MDD sample in China. Our study showed that the
prevalence of suicide attempts in this large group of MDD
patients was 20.14%. We did not find significant difference in
lipid profiles between recent and past suicide attempts. However,
TABLE 2 | Characteristics of first episode drug naïve depressed patients with/without suicide attempts (n = 1718).

All patients (n = 1,718) Suicide attempt Non-suicide attempt t/c2 P
(n = 346) (n = 1,372)

Socio-demographic and Clinical
Characteristics (Mean ± SD)
Age (years) 34.87(12.43) 36.12 (12.35) 34.55 (12.43) −2.10 0.036
Female (%) 1130(65.77%) 234 (67.60%) 896 (65.30%) 0.66 0.42
Unmarried (%) 502(29.22%) 95 (27.50%) 407(29.70%) 0.65 0.42
Education (years) 12.72(2.93) 12.55(3.08) 12.76(2.89) 1.14 0.25
Age of onset (years) 34.66(12.31) 35.89 (12.26) 34.35 (12.31) 0.66 0.04
Duration of illness (month) 6.31(4.73) 6.95 (4.89) 6.15 (4.68) −2.83 0.01
BMI 24.37(1.93) 24.32(2.33) 24.38(1.81) 0.43 0.67
Scale assessment (Mean ± SD)
HAMD 30.30(2.94) 32.24(2.89) 29.81(2.75) −14.57 0.001
HAMA 20.80(3.47) 23.59(3.54) 20.09(3.08) −16.83 0.001
Biological indicators (Mean ± SD)
Triglycerides (mmol/L) 2.17(0.99) 2.29(1.02) 2.14(0.98) −2.68 0.008
HDL cholesterol (mmol/L) 1.22(0.29) 1.14(0.29) 1.24(0.28) 6.05 0.001
LDL cholesterol (mmol/L) 2.98(0.86) 3.21(0.91) 2.93(0.84) −5.51 0.001
Total Cholesterol (mmol/L) 5.25(1.11) 5.77(1.11) 5.12(1.07) 10.19 0.001
September 2020 | Volu
me 11 | Article 5
BMI, body mass index; HAMD, Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale; HDL, high density lipoprotein; LDL, low density lipoprotein.
TABLE 1 | Comparison of characteristics between recent and past suicide attempters and non-attempters (n = 1,718).

Recent suicide attempters1 Past suicide attempters2 Never suicide attempters3

(n = 1372)
c2/F P

(n = 235) (n = 111)

Socio-demographic and clinical
Characteristics (Mean ± SD)
Age (years) 36.48(12.57) 35.36(11.90) 34.55(12.43) 2.51 0.08
Female (%) 170(72.34%) 64(57.66) 896(65.30%) 7.92 0.02a

Unmarried (%) 60(25.53%) 35(31.53%) 407(29.66%) 1.98 0.37
Education (years) 12.61(3.19) 12.43(2.84) 12.76(2.89) 0.79 0.45
Age of onset (years) 36.28(12.49) 35.06(11.79) 34.35(12.31) 2.51 0.08
Duration of illness (month) 6.53(4.84) 7.83(4.88) 6.15 (4.68) 6.87 0.00b

BMI 24.67(1.73) 23.58(3.13) 24.38(1.81) 12.30 0.00c

Scale assessment (Mean ± SD)
HAMD 32.09(2.75) 32.55(3.14) 29.81(2.75) 107.17 0.00d

HAMA 24.22(3.55) 22.25(3.15) 20.09(3.08) 184.67 0.00e

Biological indicators (Mean ± SD)
Total Cholesterol (mmol/L) 5.82(1.12) 5.67(1.08) 5.12(1.07) 52.61 0.00f

Triglycerides (mmol/L) 2.30(1.03) 2.29(0.98) 2,14(0.98) 3.59 0.00g

HDL cholesterol (mmol/L) 1.14 (0.28) 1.14 (0.30) 1.24(0.28) 18.32 0.00h

LDL cholesterol (mmol/L) 3.20 (0.92) 3.23 (0.88) 2.92(0.84) 15.25 0.00i
4

BMI, body mass index; HAMD, Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale; HDL, high density lipoprotein; LDL, low density lipoprotein.
All post-hoc analyses were done using Tukey;
a1vs.2 p = 0.02,1vs.3 p = 0.09, 2vs.3 p = 0.23;
b1vs.2 p = 0.04,1vs.3 p = 0.48, 2vs.3 p < 0.001;
c1vs.2 p < 0.001,1vs.3 p = 0.08, 2vs.3 p < 0.001;
d1vs.2 p = 0.33,1vs.3 p < 0.001, 2vs.3 p < 0.001;
eall post-hoc test p < 0.001;
f1vs.2 p = 0.46,1vs.3 p < 0.001,2vs.3 p < 0.001;
g1vs.2 p = 1.00,1vs.3 p = 0.05,2vs.3 p = 0.27;
h1vs.2 p = 1.00,1vs.3 p < 0.001,2vs.3 p < 0.001;
i1vs.2 p = 0.95, 1vs.3 p < 0.001,2vs.3 p < 0.001.
3632
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the lipid profiles of the two suicide groups were significantly
different from those of the non-suicide group. Further analysis
found that adjusting for gender, age and BMI, attempted suicide
group had significant differences in demographic, clinical, and
biochemical variables from non-suicide group. Further logistic
regression analysis showed that higher TC levels, lower HDL-c
levels, more severe anxiety and depressive symptoms were
associated with suicide attempts, suggesting that these
parameters may be important risk factors associated with
suicide attempts.

Suicide is the most devastating result for patients with
depression, with about one death in every 25 suicide attempts
(40). In our study, the prevalence of suicide attempts (20.14%)
was similar to that reported in other Asian countries, such as
16.9% in upper northern Thailand (4), and 19.8% in Korea (3). A
recent epidemiological survey reported that the prevalence of
suicide attempts was 1.3% in rural samples and 0.9% in urban
samples in Beijing area (41). Therefore, our current findings
indicate that the prevalence of suicide attempt in our MDD
outpatients is nearly 20 times that in the general population,
suggesting a dramatic increase in suicide attempt rate in first-
episode MDD patients in the Chinese population. However, it is
worth mentioning that most reports of suicide attempt rates in
MDD patients in Western countries range from 27.5% in Europe
to 36.3% in the United States (1), which is much higher than
about 20% in Asian countries. Possible reasons for the different
rates of suicide attempts among different ethnic groups include
health resources, cultural traditions, political environment,
access to psychiatric care, economic and sociocultural factors
in different regions or countries (1, 42), as well as ethnic
background, which is due to interethnic differences in the
genotype frequency of suicide-related gene polymorphisms
between Chinese and Caucasians (42).

One of the important findings in our current study is that
high TC levels were associated with suicide attempts, which is
consistent with several previous studies. For example, a case–
control study compared psychiatric patients who attempted
suicide (193 subjects) with those who did not attempt suicide
(1,091 subjects) and found that high TC levels were associated
with an increased risk of suicide in American men (43). A
prospective follow-up study also showed that high cholesterol
Frontiers in Psychiatry | www.frontiersin.org 5
was associated with an elevated risk of suicide attempts in
patients with depression (15). Also, similar results were found
in population-based studies. For example, a previous study
reported a positive association between TC levels and long-
term suicide risk in a large sample of 7,309 middle-aged
Japanese-American men (33). Tanskanen et al. reported that in
a large general population, the adjusted relative risk of violent
suicide in the highest TC group was twice that in the lowest TC
group (13). Similarly, in a population-based study, Brunner et al
reported higher cholesterol levels in suicide attempters than non-
attempters (34). However, the reasons behind this association are
still unclear. Some researchers speculate that patients with higher
TC may have maladaptive nutritional behaviors, such as
overeating, which may be associated to suicide attempts and
suicidal ideation (34). Another possible reason is that elevated
TC may be related to stroke, which is known to increase the risk
of suicide (44). However, many previous studies have reported a
negative or no association between TC and attempted suicide
(14, 27, 45–47). Researchers have explored the possible
mechanisms of this negative correlation. The hypothesis of
cholesterol–serotonin–impulsivity has been proposed that low
concentrations of cholesterol may reduce the exposure of
serotonin receptors on the surface of brain cell membranes,
and then reduce the function of serotonin receptors, thereby
leading to impulsive or aggressive behavior in susceptible
individuals (7, 10, 12, 48). However, studies have shown that
the transmission of serotonin partly depends on brain cholesterol,
but brain cholesterol is relatively isolated from changes in
circulating cholesterol (19).

In our and previous studies, the possible reasons for the
difference in the relationship between TC and the attempted
suicide may be due to the clinical condition of the recruited
samples. For example, the sample in our study was the first
episode drug-naive MDD patients, while the samples in the
previous studies were hospitalized MDD patients. The blood lipid
levels of these hospitalized patients may be affected by drug
treatment, including antidepressants (36) and second-generation
antipsychotics (49). In addition, blood lipid levels may be affected
by hospitalization, dietary intake, and weight loss after long-term
depression (24). Other possible reasons include that the subjects in
the previous study not only suffered from depression, but also
TABLE 3 | Predictors of suicide attempts within a binary logical regression model.

Coefficients 95.0% Confidence Interval

b Odds Ratio z value p value Lower Upper

Age −0.37 0.69 −1.35 0.18 0.40 1.19
Gender 0.03 1.03 0.18 0.86 0.77 1.37
BMI −0.06 0.94 −1.35 0.18 0.88 1.01
Age of onset 0.37 1.45 1.35 0.18 0.84 2.48
Duration of illness 0.05 1.05 1.72 0.09 0.99 1.11
HAMD 0.08 1.08 2.44 0.01 0.11 1.16
HAMA 0.24 1.28 9.72 <0.01 0.12 1.35
TC 0.30 1.35 3.54 <0.01 0.11 1.59
HDL-c −0.65 0.52 −2.73 <0.01 0.33 0.83
TG −0.07 0.93 −0.98 0.33 0.80 1.07
LDL-c −0.11 0.89 −1.23 0.22 0.74 1.07
S
eptember 2020 | Volume 11 | Article 5
HAMD, Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale; TC, Total Cholesterol; HDL, high density lipoprotein; TG, Triglycerides; LDL, low density lipoprotein.
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suffered from other mental disorders, such as accompanied by
adjustment disorder (45) and psychotic symptoms (47), which are
clinical confounders for suicide attempts. Interestingly, some
researchers even suggest that changes in lipid metabolism in both
directions may lead to changes in serotonergic function. For
example, Kim et al reported that both higher and lower TC levels
at baseline predicted the rate of suicidal ideation in the elderly. They
stated that decreased serotonin activity was associated with lower
TC levels, and that an atherogenic lipid profile was related to higher
TC levels, and both may be associated with suicidality in later life
(35). Taken together, the exact relationship between TC levels and
suicide attempts remains unclear. In this study, the cross-sectional
design, without long-term follow-up cholesterol data, limited the
interpretation of the causal relationship between blood lipid levels
and suicidal behavior, that is, the results of this cross-sectional study
cannot differentiate whether high cholesterol may be a consequence
of suicide attempts or the underlying pathological mechanisms that
may result in suicide attempts. Although there is a positive
correlation between high lipid levels and suicide attempts, the
current results cannot lead to a causal relationship. Therefore,
further prospective studies are needed to explore the correlation
between high cholesterol and suicide attempts, which may also be
confirmed by longitudinal data.

Generally, proatherogenic lipids (TC, LDL, and TG) and anti-
atherogenic lipid (HDL) may have different roles in suicide. In
this study, we also found a negative correlation between HDL-c
and suicide attempts. However, previous studies are inconsistent,
suggesting that higher or lower HDL-c levels were associated
with suicide attempts in patients with depression (27, 29). The
two most important findings of our study were the association
between suicide attempts and high TC/low HDL-c levels. These
findings are in line with the hypothesis that abnormal lipid
profiles may be a sign of other metabolic abnormalities
associated with increased risk of suicidal behavior. For
example, omega-3 polyunsaturated fatty acids (PUFAs) may be
a key mediator between lipids and suicide (34). There was an
inverse correlation between PUFAs and the ratio of serum TC/
HDL-c. As a result, subjects with high TC and low HDL-c have
lower levels of PUFAs, and it has been reported that reduced
PUFAs may be a strong risk factor for suicide and depression (50,
51), suggesting that lipid changes may be a surrogate marker.

It is worth mentioning that previous studies have found an
association between the lipid profiles and either recent or lifetime
suicide attempts in patients with depression (25, 27). However,
whether lipid parameters are the state or trait markers for suicide
attempts remain uncertain. In our current study, there was no
significant difference in lipid profiles between recent suicide and
past suicide attempters, suggesting that lipid parameters may be
trait markers of attempted suicide. However, all patients in this
study had their first onset, with an average ill duration of 7.8
months, and even those patients in the past suicide group
attempted suicide in the past several months. Thus, the
interval period of suicide attempts between recent and past
suicide groups may not be sufficient to show differences in
lipid profile. Therefore, whether the lipid profile is a state or a
trait marker of the suicide attempt deserves further investigation.
Frontiers in Psychiatry | www.frontiersin.org 6
Further, we found that the severity of depression was an
important factor of suicide attempts, which is consistent with
most previous studies (52). However, other studies have reported
no correlation between suicide attempt and the severity of
depression (2). The possible reason for this discrepancy may be
due to the different time of assessing the severity of depression,
rather than the time of attempted suicide (2). This may also explain
why the Exp (b) value was only 1.08 in our current study.

Another finding of this study was that there was a significant
association between anxiety and an increased risk of suicide
attempts. Our results showed that the HAMA score was
significant higher in suicide attempters than that in non-
attempters, and the risk of suicide attempt for patients with high
HAMA score was 1.28 times that of patients with lowHAMA score.
This result is consistent with previous reports showing that anxiety
was an important factor for suicide in patients with depression (6).
A previous study showed that depressed patients with higher levels
of anxiety had more suicide attempts than those without anxiety
before and after adjusting for the severity of depression (53). In
addition, 79% of patients who committed suicide during
hospitalization or immediately after discharge had severe anxiety/
agitation symptoms before committing suicide (54). The possible
biological mechanisms linking anxiety symptoms to suicide
attempts may be explained by both anxiety and suicide associated
with serotonergic dysfunction (55). This finding suggests that
clinicians should pay more attention to those depressed patients
comorbid with anxiety to prevent suicidality, and continue to assess
and re-assess anxiety levels to reduce suicidal behavior.

There are several limitations to this study. First, in this study,
lipid measurements were only collected at a time-point, but in
general, these measurements may change over time. The
association between lipid levels and suicide attempts may vary
depending on the time points when lipid levels are tested.
Moreover, the blood lipid levels of patients with first-onset
depression are more likely to be influenced by their diseases.
For example, patients do not want to eat and sleep poorly, so
lipid disorders occur, leading to the association between lipids
and suicide attempts, which is a symptom of depression. Hence,
we may have a false lipid-suicide attempt association. We cannot
exclude this possibility in this cross-sectional study, and should
be further examined in further studies using a longitudinal
design. Second, this is a cross-sectional study, with no long-
term follow-up cholesterol data. Therefore, the causal
relationship between lipid levels and suicidal behavior is still
unclear. Third, we collected suicide information through
research interviews with patients, family members, and
clinicians, rather than using structured tools, which may
introduce bias during the collection phase. Fourth, there are
too many factors for attempted suicide, but we only included
some variables as covariates. Important risk factors for suicide
attempts, such as lack of social support, major physical
conditions/pain, smoking and drinking, were not controlled in
their adjusted analyses (18). Moreover, considering that both
nutritional status and stress may affect blood lipid levels, the one
time-point measurement of blood lipid levels at admission may
not reflect the patient’s baseline level (24). Sixth, there were more
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female patients in this study, which may be a potential
confounder, because the MDD and suicidality are more
common in women than men (17). Finally, past suicide
attempts may be due to depression or even a depressive
episode. Therefore, the diagnosis of the first depressive episode
may be questionable in some patients who attempted suicide.
CONCLUSION

In summary, our study showed that the prevalence of suicide
attempts in FEDN MDD patients was 20.14%. Moreover, high
TC and low HDL-c levels were significantly associated with
suicide attempts in these patients, suggesting that abnormal
lipid levels may be involved in suicide attempt in MDD
patients at their early stage. Further, our finding provided
further evidence that more severe symptoms of anxiety and
depression were associated with suicide attempts in these
MDD patients. Therefore, our findings have important
implications for clinical care, because the understanding and
treatment of depression and anxiety symptoms can provide
better results for preventing suicide attempts in FEDN patients
with major depression. Due to methodological limitations,
longitudinal studies conducted under the control of related
variables will more clearly determine the association and
causality between abnormal blood lipid levels and suicide
attempts in MDD patients in the early stage of the disease.
Taken together, understanding the relationship between lipid
profiles and suicide attempts in early stage of MDD will provide
important implications for the prevention of suicidal behavior.
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