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Purpose: There is growing evidence showing that inflammatory cytokines and neuropep-

tides may be involved in the pathophysiology of suicidal behavior. However, studies have

yielded contradictory data, and no biological markers that help predict suicide have been

identified. This study aimed to identify biological patterns, such as NPY, IL-1β and hypo-

cretin plasma levels, in people who died by suicide.

Patients and methods: Twenty-two people who died by suicide compared with 22

controls matched for age and sex were studied. In suicide and control subjects, we estimated

the levels of NPY, IL-1β and hypocretin in plasma using enzyme-linked immunosorbent

assay. The data are presented as the median (25th–75th percentile).

Results: We found (1) a significant elevation in plasma NPY levels in suicide subjects

versus control subjects (suicide: 11.38 (9.380–16.55); controls: 8.95 (7.590–10.93);

P=0.013), and plasma NPY concentrations were approximately 62% higher in suicide

subjects than those in control subjects; (2) a significant decrease in plasma IL-1β concentra-

tions between suicide and control subjects (suicide: 121.1 (82.97–143.0); controls: 425.9

(233.1–835.3); P<0.001) as well as a decrease in IL-1β concentrations by almost 80%; and

(3) no significant difference in plasma hypocretin levels between suicide and control subjects

(suicide: 16.62 (13.62–25.77); controls: 21.63 (14.97–29.72); P=0.356).

Conclusion: Our results suggest that plasma NPY and IL-1β were related with suicide

behavior rather than to suicide causes or suicide method. Specific combinations of plasma

biomarkers may discriminate between types of suicidal behaviors and indicate increased risk

for future suicide attempts.
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Introduction
More than 800 thousand people die from suicide every year, representing a suicide

rate of 11.4 per 100 million in the population, according to WHO’s first global

report on suicide prevention. For sex differences, 15 males and 8 females in a

population of 100 thousand died by suicide. With regard to age, globally, suicide

rates are the highest in elderly persons.1 The risk factors related to suicide include

war, disaster, discrimination, abuse, violence, mental disorders, poor physical health

and financial loss. Psychiatric disorders are the most common factors that are

present in suicide cases.1,2 Neurotransmitters, the hypothalamic–pituitary–adrenal

axis, genetic factors and inflammatory cytokines may account for the pathophysiol-

ogy of suicide.2,3

Although several non-biological measures used to evaluate suicide risk, like

Nurses’ Global Assessment of Suicide Risk Scale, Beck Scale for Suicide Ideation,
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self-report and structured interview, these methods are

relatively subjective. The lack of robust biomarker for

clinical suicide risk assessment has led researchers to

investigate the neurobiological mechanisms behind suici-

dal behavior, in search for potential biomarkers.

Increasing evidence has suggested that neuropeptide Y

(NPY) may act as a key modulator of the crosstalk

between the brain and the immune system in health and

disease. Neuropeptide Y (NPY) is a highly conserved 36-

amino-acid peptide.4 It is involved in a variety of physio-

logical functions such as emotion, cognition and stress

responses5 as well as many mental disorders such as

major depressive disorder, schizophrenia and bipolar dis-

order. The study results on NPY are conflicted. Some

studies reported that NPY levels were decreased in suicide

subjects both in the CSF and postmortem cortex,6,7 while

other studies showed that CSF NPY levels were increased

in those who attempted suicide.8

Interleukin-1β (IL-1β) is an inflammatory cytokine that

belongs to the IL-1 family. It is secreted by monocytes,

macrophages and dendritic cells as well as B-lymphocytes

and NK cells. IL-1β has been described to modulate neu-

rons and functions of the central nervous system in a direct

or mediated way.9 The aberrant level of IL-1β may affect

memory and cognitive function as well as synaptic

plasticity.10 We supposed that IL-1β may play an important

role in patients who died by suicide. Recently, studies have

indicated that IL-1β may be associated with some psychia-

tric disease states such as major depressive disorder and

bipolar disorder.11 Studies have shown the mRNA and

protein expression levels of IL-1β and IL-6 were abnormal

in postmortem brain samples of suicide who died by

suicide.12 Even those who attempted suicide had higher

levels of inflammatory cytokines IL-6 and IL-1β, which
were associated with significantly lower mean levels of

vitamin D than depressed nonsuicidal patients and healthy

controls.13 However, there are no data on IL-1β changes in

postmortem suicidal plasma.

Hypocretin, also known as orexin, is a pair of excita-

tory neuropeptide hormones called hypocretin-1 (HCRT-1)

and hypocretin-2 (HCRT-2). They are known to play a role

in many neurophysiological and behavioral processes,

such as the sleep–wake cycle, food intake, sexual behavior

and stress responses, and they are severely affected in

depression.14 Moreover, hypocretin is thought to be

involved in suicidal behaviors. A study indicated that

hypocretin was increased after a suicide attempt, while

another study showed that a low hypocretin level was

correlated with a more severe mental condition in those

who attempted suicide.15,16

Previous studies have shown interactions among NPY,

IL-1β and hypocretin. There is a neuronal relationship

between the NPYand hypocretin systems, and the hypocreti-

genic action of NPY is mediated by hypocretin-1-induced

hypocretigenic action.17 NPY may inhibit hypocretin neuro-

nal activity, while hypocretin may possibly increase NPY

release in hypothalamic nuclei.18 Furthermore, inflammatory

factors such as IL-1β induced lethargy, and this was mediated

by the suppression of hypocretin neuron activity.19

In the current study, we measured plasma IL-1β, NPY
and hypocretin-1 in suicide subjects and in age- and sex-

matched healthy control subjects. In addition, we also

analyzed NPY, IL-1β and hypocretin-1 in suicide subjects

with psychiatric illness (PI) and those with life events

(LE). We hypothesized that plasma IL-1β, NPY and hypo-

cretin-1 could be potential biomarkers of suicidal behavior.

Significance
The lack of robust biomarker for clinical suicide risk

assessment has led researchers to investigate the neurobio-

logical mechanisms behind suicidal behavior, in search for

potential biomarkers. Previous studies have shown inter-

actions among inflammatory cytokines and neuropeptides

with suicide behavior, such as NPY, IL-1β and hypocretin.

In the current study, we measured plasma NPY, IL-1β and

hypocretin-1 in suicide subjects and in age- and sex-

matched healthy control subjects. We hypothesized that

plasma IL-1β, NPY might be potential biomarkers of

suicidal behavior.

Materials And Methods
Characteristics Of Suicide And Control

Subjects
Suicidal plasma samples were obtained from 22 suicide

subjects (11 men and 11 women) in the Hangzhou

Criminal Investigation Detachment of Public Security

Bureau, and they were matched for age and sex with 22

healthy controls (HCs). After description for research pur-

poses, written informed consent was obtained from the

suicide subject’s next of kin and healthy controls.

The suicide subjects and their controls were well

matched for age and sex (see Table 1, all P>0.358). The

inducements of death were divided into psychiatric illness

(PI) and life events (LE). Suicides with PI included schi-

zophrenia and major depressive disorders, while those
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with LE were always related to health problems, family

problems and social factors20 (see Table 2). Eleven suicide

subjects with PI were always associated with irregular

medication, while 11 suicide subjects with LE had various

cultural backgrounds, such as religion, quarrels and

organic disease.

Moreover, suicide death was also divided into violent

or nonviolent suicide attempts.21,22 A nonviolent suicide

attempt was defined as a drug overdose (3, 13.6%) or a

single wrist cut. The violent attempts included jumping (8,

36.4%), hanging (6, 27.3%), drowning (3, 13.6%) and

carbon monoxide poisoning (2, 9.1%).

Acquisition Of Suicidal Plasma Samples
Controls met the following criteria: 1. The age and sex

were matched with suicide subjects; 2. No subjects had

any lifetime histories of serious physical disorders, organic

brain disease or cerebral trauma; 3. No subjects had any

serious mental retardation; 4. MRI examination showed no

brain structure abnormality; and 5. No subjects had metal

in the body, such as a cardiac pacemaker, insulin pump or

artificial heart valve. Twenty-two HCs met the inclusion

criteria. The present study was approved by the ethics

committee of the First Affiliated Hospital of Medical

School of Zhejiang University and was already registered

in China Clinical Trial Registry and registration number is

ChiCTR1800015937.

Blood Collection
Venous blood samples were collected with anticoagulant

tubes. Then, the blood samples were centrifuged at 3000

rpm at 4°C for 20 mins and stored at −80°C until assay.

Measurement Of Serum Peptide

Concentrations
Plasma concentrations of NPY, IL-1β and hypocretin were

measured by enzyme-linked immunosorbent assay (ELISA).

Plasma concentrations of NPY (EZHNPY-25K, Millipore,

USA), IL-1β (ab214025, Abcam, UK) and hypocretin

(HU9788, TSZ, USA) were measured with an ELISA kit,

following the manufacturer’s instructions. All the experi-

ments were performed in duplicate.

Statistical Analysis
The data are expressed as the median (25th–75th percentile)

and were analyzed with SPSS version 19.0 (IBM, Chicago,

IL, USA). As the biological data were not always normally

distributed, nonparametric tests were applied. Differences

between the 2 groups were tested using a Mann–Whitney

U-test. Differences among the 3 groups were first tested

with a Kruskal-Wallis (K-W) test, and if a significant dif-

ference was identified, the difference between the 2 groups

was checked with a Mann–Whitney U-test. Correlations

were examined with Spearman’s test. All tests were 2-

tailed, and P-values ≤0.05 were considered significant,

while P-values <0.1 and >0.05 were considered a trend. A

series of hierarchical regression analyses tested for specific

and interactional effects of hypocretin, NPY and IL-1β on

suicide risk.

Results
Changes In Plasma Levels Of NPY

Between Suicide And Control Subjects
The present data showed that NPY concentrations in the

plasma of suicide subjects were significantly higher than

those in the plasma of control subjects (P=0.013, see

Figure 1A). In addition, we observed a significant differ-

ence in NPY among controls and suicide subjects with PI

and LE (K-W: P=0.043). Moreover, NPY concentrations

in the plasma of suicide subjects with PI were significantly

higher than those in the plasma of control subjects

Table 1 General Information And Parameters Measured Of

Controls And Suicides

Controls Suicides P Value

Age (years) 38.73±16.38 38.86±13.97 0.976

Gender (male/female) 7/15 11/11 0.358

NPY 9.459±2.984 17.31±15.96 0.013

IL-1β 631.0±528.9 122.7±51.76 <0.001

Hypocretin 25.12±16.61 22.88±16.05 0.356

Note: Data are presented as Mean±SD.

Table 2 The Distribution Of Suicide Methods And Suicide Causes

Violent

Way

Non-Violent

Way

Psychiatric SC 4 1

Illness MDD 5 1

Life events Health

Problem

1 0

Family Problem 3 1

Social Factor 3 0

Unknown 3 0

Abbreviations: S, schizophrenia; MDD, major depressive disorder.
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(P=0.039, see Figure 2A). Similarly, NPY concentrations

in suicide subjects with LE were significantly elevated

compared with those in control subjects (P=0.047, see

Figure 2A). However, no significant difference was

found between suicide subjects with PI and those with

LE (P=0.606, see Figure 2C). There was no difference in

NPY concentration between suicide subjects who died of

violent behavioral causes and those who died of nonvio-

lent behavioral causes (P=0.414).

Changes In Plasma Levels Of IL-1β
Between Suicide And Control Subjects
IL-1β levels in the plasma of suicide subjects were sig-

nificantly lower than those in the plasma of control sub-

jects (P<0.001, see Figure 1B). We observed a significant

difference in IL-1β levels among control and suicide sub-

jects with PI and those with LE (K-W: P<0.001).

Furthermore, IL-1β concentrations in the plasma of suicide

subjects with PI (P<0.001) or suicide subjects with LE

(P<0.001) were significantly lower than those of control

subjects, while there was no significant difference in IL-1β

concentrations between suicide subjects with PI and those

with LE (P=0.756, see Figure 2B). In addition, there was

no difference in IL-1β concentrations between suicide

subjects who died of violent behavioral causes and those

who died of nonviolent behavioral causes (P=1.000).

Changes In Plasma Levels Of Hypocretin

Between Suicide And Control Subjects
There was no significant difference in hypocretin concen-

tration between control and suicide subjects (P=0.526, see

Figure 1C). There was no significant difference in hypocre-

tin levels between controls and suicide subjects with PI and

those with LE (K-W: P=0.449, see Figure 2C). Moreover,

no difference was found in hypocretin-1 between suicide

subjects who died of violent behavioral causes and those

who died of nonviolent behavioral causes (P=0.841).

Correlations Between Different Serum

Peptide Levels And General Information
We found significant positive correlations between hypo-

cretin and NPY in control subjects (P=0.014, rho=0.555),

Figure 1 Scatter dot plots showing plasma levels of NPY, IL-1β and hypocretin between suicide (n=22) and controls (n=22). Changes in plasma levels of Neuropeptide Y (A)

and Interleukin-1β (B) and hypocretin (C) from suicides (right) and controls (left). Red plots represent controls, yellow boxes represent suicides. Significance levels are

indicated as **P<0.01, ***P<0.001.

Figure 2 Scatter dot plots showing plasma levels of NPY, IL-1β and hypocretin between suicides with life events (LE) (n=11), suicides with psychiatric illness (PI)(n=11) and

controls (n=22). Changes in plasma levels of Neuropeptide Y (A) and Interleukin-1β (B) and hypocretin (C) form suicides with life events (LE) (right), suicides with

psychiatric illness (PI) (medial) and controls (left). Red plots represent controls, yellow boxes represent suicides with psychiatric illness (PI), green triangles represent

suicides with life events (LE). Significance levels are indicated as **P<0.01, ***P<0.001.
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while there was no relation between age, NPY or IL-1β
and hypocretin in suicide subjects (all P>0.274). In addi-

tion, there were no significant correlations among age,

NPY and IL-1β in control subjects (all P>0.446).

There was no significant correlation between age, NPY

or IL-1β levels and hypocretin in suicide subjects with PI

(all P>0.21). Furthermore, we did not observe a significant

correlation between age, NPY or IL-1β and hypocretin in

suicide subjects with LE (all P>0.162)

Discussion
In the present study, we documented and compared the

plasma concentrations of biological patterns in human

suicide death cases. In this study, we showed that plasma

NPY and IL-1β levels were correlated with suicidal beha-

vior. Plasma NPY concentrations were significantly higher

in suicide subjects than those in control subjects.

Furthermore, higher NPY level concentrations were

found both in suicide subjects with PI and in suicide

subjects with LE than those in control subjects. In contrast,

IL-1β concentrations were decreased in suicide subjects

compared with those in control subjects, and there were

lower IL-1β concentrations both in suicide subjects with PI

and in suicide subjects with LE than those in control

subjects. Our results suggested that NPY and IL-1β were

related to suicidal behavior rather than suicide causes or

suicide methods.

The present study showed increased levels of NPY

concentrations in the plasma of suicide subjects, which

may indicate that NPY affects neurobehavioral processes

relevant to suicide.

Previous studies have shown that dysregulation of the

NPY system plays a role in psychiatric diseases such as

depression, anxiety and posttraumatic stress disorder

(PTSD).7,23,24 Irwin et al found that plasma NPY was

elevated in depressed patients.25 This finding indicated

that NPY may play a role not only in depression but also

in suicidal behavior.26 In a study of personality disorder,

CSF-NPY level was positively correlated with a higher

degree of impulsive aggression in personality, which may

ultimately lead to suicide attempts.8 Schizophrenia patients

showed an increase in CSF-NPY concentrations compared

with controls,27 which may be related to higher impulsiv-

ity and aggression scores.28,29

There were several possible explanations for higher

NPY levels in people who died by suicide. Most studies

showed elevated NPY levels in depressive patients instead

of other psychiatric illnesses. Only 7 of 22 people who

died by suicide were depressed in the present study. In

addition, impulsivity is thought to be positively correlated

with suicidal behavior,30,31 which can explain our findings.

Since NPY levels increased during activity as a result of

enhanced sympathetic nerve stimulation,32 it is reasonable

that the plasma NPY level in suicide subjects was elevated

at the time they were committing suicide.

The present study investigated the IL-1β plasma levels

in people who died by suicide, and we found that they

were decreased in people who died by suicide and that this

result may have been resulted from elevated NPY levels.

A rodent study showed that if NPY was intraperitoneally

injected into rats, it could lead to a decrease in IL-1β levels

in the serum.33 A cell study also reported that NPY inhib-

ited the IL-1β signaling pathway via nitric oxide produc-

tion in microglia,34 which indicated that NPY may inhibit

the release of IL-1β. A previous study showed conflicting

data on IL-1β in people who attempted suicide. IL-1β
levels were increased in those who attempted suicide

with or without psychiatric illness compared to those in

controls. IL-1β levels in BD patients with suicide risk were

elevated compared to those in control patients.11 This

finding is consistent with postmortem studies that showed

that IL-1β protein and mRNA expression levels were sig-

nificantly higher in several brain areas of people who died

by suicide with a history of major depressive disorder

(MDD) or bipolar disorder (BPD) than in brain areas of

controls.12,35 However, Gabbay et al claimed that plasma

IL-1β levels among suicidal teenagers with MDD, suicidal

adolescents with MDD, nonsuicidal adolescents with

MDD and healthy controls showed no difference.36 In

addition, studies reported that psychiatric patients with

suicide attempts and controls were found to have no sig-

nificant difference in plasma IL-1β.37 A postmortem study

showed no changes in IL-1β-mRNA in Brodmann’s area

11 of suicide subjects compared with controls.38 The stu-

dies mentioned above indicate that plasma IL-β levels are

different in those who attempt suicide and people who died

by suicide.

The hypocretinergic system has been linked to depres-

sion, schizophrenia and suicide.15,16,39,40 The relationship

between hypocretin and suicide is still controversial. The

present study showed no significant difference in plasma

hypocretin between control and suicide subjects as well as

between control and suicide subjects with PI and those

with LE. A study reported that CSF-hypocretin-1 levels in

patients with MDD did not differ compared to those in

healthy control patients.41 Our previous postmortem study
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demonstrated a sex difference in that male depressive

patients who had died by suicide showed significantly

increased anterior cingulate cortex Hcrt-receptor-2-

mRNA expression compared to male control.39

In the present study, there was no significant correla-

tion between the plasma level of NPY and hypocretin.

Both the appetite-stimulating peptides Hypocretin-1 and

neuropeptide Y (NPY) are known to play a critical role in

food intake.42 A previous study has provided evidence

that, in goldfish, NPY-induced appetite is mediated by

hypocretin-1, suggesting that the two peptides share a

functional relationship for regulation of feeding.43

However Hypocretin-1 is involved in activation of the

HPA axis, and that these effects could be mediated via

the release of NPY in rats.44 And the mediation of hypo-

cretin-1 play a role in thermoregulation, and its hypother-

mic effect seems to be mediated at least partially by

NPY.45 While in clinical study, there was rarely plasma

or CSF level of both NPY and hypocretin study, the

plasma level of NPY and hypocretin showed different

changes in obese women.46 Even the effect of hypocre-

tin-1 might be mediated by NPY but the plasma level does

not show consist changes.

We did not find a sex difference in the present study,

although a final conclusion on this phenomenon should be

based upon a larger sample size. Mental patients with suicide

attempts showed a negative correlation betweenCSF-hypocre-

tin-1 and some negative symptoms.15 However, another study

showed that CSF-hypocretin-1 levels in mental patients were

significantly increased at 6 and 12 months after a suicide

attempt.16 Interestingly, CSF-hypocretin levels in depressed

patients were significantly lower than those in adjustment

disorder and dysthymia patients.21

Some concerns regarding the present postmortem study

should be mentioned. The suicide subject data in the pre-

sent study involved postmortem plasma, which raises the

question of whether a postmortem delay might have con-

founded our results. All samples were collected by profes-

sional forensic personnel and then quickly treated using a

standardized protocol and immediately frozen in −80°C.
There were no significant correlations between storage

time and any of the factor scores. However, we cannot

completely rule out the possibility that postmortem delay

could have influenced the biomarkers, although we believe

that we took appropriate measures to minimize this risk.

Secondly, one of the inherent potential confounding factors

in a postmortem study is medication use. The general informa-

tion and use of antipsychotics and antidepressants in suicide

subjects were provided by family members and policemen.

Olanzapine was negatively correlated with serum NPY levels

in schizophrenia patients.47 Duloxetine decreased serum IL-1β
levels in depressed patients who responded to duloxetine,

while increased IL-1β levels were found in those who did not
respond to duloxetine.48 Venlafaxine increased serum NPY

levels24 and reduced IL-1β in depressed patients;49 chlorpro-

mazinemaynot have influenced plasma IL-1β levels in healthy
volunteers,50 and animal experiments indicated that chlorpro-

mazine reduced NPY-like immunoreactivity in the nucleus

accumbens.51 In the present study, 4 of 22 suicide subjects

had used medicine, including olanzapine, duloxetine, venla-

faxine and chlorpromazine, in the past. However, significant

differences remained (NPY P=0.004; IL-1β P<0.001; hypo-

cretin P=0.362) when we excluded the data of the four suicide

subjects who took these medications.

Thirdly, if we consider suicide methods such as hanging,

jumping, drowning, poisoning and CO poisoning as different

groups, the suicide method may influence the blood levels of

who died by suicide. There was no significant difference in

NPY, IL-1β and hypocretin levels among these groups (NPY

P=0.513; IL-1β P=154; hypocretin P=0.480). Carbon monox-

ide may act as an independent factor to influence NPYand IL-

1β. Studies have demonstrated that CO is a negative regulator

of the secretion of IL-1β in vitro and in vivo, and it is consistent
with our results. IL-1β levels of suicide subjects who died of

COwere lower than average levels.Whenwe excluded the two

data points, the significant difference between suicide and

control subjects remained.

Limitation
The controls were healthy people rather than healthy indi-

viduals who accidentally died. Given the heterogeneity of

cause of death, sample size is relatively small. Verification

experiment such as Western blot on brain tissue is needed

in the future. Study of Hypocretin, Plasma of NPY and IL-

1β level from people who have suicide idea or suicide

attempt are also needed in the future. And more advanced

techniques to compare the relative contributions of each

biomarker to suicide risk within the suicide group.

Conclusion
Our results suggest that plasma NPYand IL-1β were related

with suicide behavior rather than to suicide causes or sui-

cide method. Specific combinations of plasma biomarkers

may discriminate between types of suicidal behaviors and

indicate increased risk for future suicide attempts.
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