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FORENSIC BIOCHEMISTRY

Suicide risk is associated with low levels of platelet serotonin in bipolar I 
disorder
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 Abstract: Suicide is globally recognized as one of the leading causes of death and a major issue for the public health 
sector. Considering the importance of suicide, this study attempts to correlate decreased platelet serotonin levels with increased 
suicide risk in bipolar I disorder (BPD I), while also evaluating other risk factors. All patients admitted to the “Prof. Dr. Alexandru 
Obregia” Clinical Hospital of Psychiatry in Bucharest, Romania, between the June 1st, 2015 and February 16th, 2016 were asked 
to participate in this study. Those between 18 and 65 years of age, who agreed to participate and whose diagnoses of BPD I 
were confirmed using the Mini-International Neuropsychiatric Interview were included in the study, leading to a number of 75 
patients. Suicide risk was assessed using the SAD PERSONS Scale to quantify current suicide risk factors. Platelet serotonin levels 
were determined using the IVD ELISA system (LDN GmbH, Germany) on platelet rich plasma per manufacturer protocol. The 
scores received from applying the SAD PERSONS Scale were shown to be inversely proportional to platelet serotonin levels, and 
those patients with bipolar disorder classified as showing medium-high suicide risk, had significantly lower platelet serotonin 
concentrations. In further studies, with a larger sample size, and other improvements further discussed in this article, it may be 
possible to demonstrate the need to test platelet serotonin levels as part of the biological model of suicide in bipolar disorder.
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INTRODUCTION

 Suicide is globally recognized as a leading cause 
of death and a major public health issue [1, 2]. The basis 
of any efficient suicide prevention strategy starts with 
identifying suicide risk factors that are contextually 
relevant and implementing the appropriate interventions 
that will eliminate respective risk factors [2].
 As far as suicide-associated risk factors are 
concerned, aside from previous suicide attempts, 
psychopathology is the most important suicide predicting 
factor, and is strongly correlated with suicidal behaviour 
[3, 4]. Studies show that most likely 90% of deaths by 

suicide occur among those with at least one psychiatric 
disorder [5], more than half of these patients being 
diagnosed with mood disorders [6]. Major depressive 
episodes, associated with recurrent depressive disorder 
or bipolar disorder (BPD) account for about half of the 
deaths that occur via suicide [7]. According to a recent 
meta-analysis, suicide rates among patients with BPD 
reach an average of 164/100.000, about 10 times higher 
than the general population [8]. More so, 36.3% of the 
patients with type 1 BPD, respectively 30.1% of the patients 
with type 2 BPD, had a history of at least one suicide 
attempt [9]. Acknowledged plans for suicide represent 
another key suicide risk factor for people suffering from 



396

Giurgiuca A. et al.    Suicide risk is associated with low levels of platelet serotonin in bipolar I disorder

bipolar disorder [10]. Maladaptive cognitive styles, which 
highly correlate with suicide [11], represent an underlying 
feature of psychosis, and thus are present in patients 
suffering from bipolar disorder [12]. Female patients with 
BPD have been noticed to have a higher rate of suicide 
attempts, while also being less likely to attempt any of the 
more violent methods [13]. Among men with BPD, on 
the other hand, rates of death by suicide are significantly 
higher [14]. The studies that examine the relationship 
between age and suicide attempts among bipolar disorder 
patients, have reported that those with past suicide 
attempts are much younger compared to those with no 
suicidal behaviour in the past [14]. Those who are single 
or have been through a divorce are also significantly 
more at risk for suicide attempts [14]. Moreover, many 
bipolar depressions are triggered, among other factors, by 
a lack of social support [15], which may, in turn, lead to 
an increased suicide risk. A large number of studies have 
also reported a higher rate of suicide attempts among 
subjects with bipolar disorder who also have a history of 
or currently suffer from substance abuse [14]. Likewise, 
most studies show that physical comorbidities increase 
the probability of suicide attempts among those that suffer 
from bipolar disorder [14].
 In the past several years, there has been a clear 
evolution from studying suicide risk factors towards 
analyzing the way that multiple socio-psychological, 
neurobiological, and clinical variables contribute to create 
what is known as suicidal behaviour. The diathesis-stress 
model proposes the implication of mental disorders and 
psycho-social factors as triggers for suicidal behaviour 
[16]. According to this model, impulsivity and aggression 
are independently associated with suicidal behaviour 
and reduced serotonergic function [17], correlated with 
reduced levels of hydroxyindol acetic acid (5-HIAA) in 
the cerebrospinal fluid [18], platelet serotonin [19], and 
prolactin’s response to fenfluramine [20]. The serotonergic 
system’s role in suicidal behaviour is documented in 
several studies [21]. Platelets are a promising peripheral 
tissue for measuring Serotonin or 5-hydroxytryptamine 
(5-HT) concentrations [22], and platelet 5-HT levels are 
considered a reliable indicator of presynaptic serotonin 
activity [23]. The research shows reduced platelet 
serotonin levels among those who have attempted suicide, 
compared to those who have not [24-26]. Moreover, 
patients with suicidal tendencies show lower platelet 
serotonin levels, comported to the control groups [27-29].
 Considering the research, this current study 
proposes to determine and compare platelet serotonin 
levels among patients who suffer from type I bipolar 
affective disorder, pursuant to the intensity of suicide 
risk measured by combining the following clinical, 
psychological, and social demographic factors: gender, 
age, depression, previous suicide attempt, ethanol abuse, 
loss of rational thinking, lack of social support, organized 
plan, no spouse, and medical comorbidities.

MATERIALS AND METHODS

 Design
 The study protocol was designed in accordance 
with the Declaration of Helsinki and approved by the 
Ethics Committee of the “Prof. Dr. Alexandru Obregia” 
Clinical Psychiatry Hospital in Bucharest, Romania.
 All the patients admitted to the “Prof. Dr. 
Alexandru Obregia” Clinical Psychiatry Hospital with a 
documented diagnosis of bipolar I disorder between June 
1st, 2015 and February 1st, 2016 were asked to participate in 
the present study. They were presented with an approved 
informed consent form, they were given enough time to 
reflect, and all of their concerns were addressed before 
signing the form. 
 The inclusion criteria were represented by those 
of between 18 and 65 years of age with a documented 
diagnosis of bipolar I disorder, confirmed by applying the 
Mini-International Neuropsychiatric Interview [30]. The 
exclusion criteria were: the presence of any psychiatric 
disorder that, in the investigators’ opinion, could interfere 
with the clinical assessments (e.g. organic mental disorders, 
mental retardation, etc.), any significant physical disability, 
severe or uncontrolled medical conditions, and maternal 
status (pregnancy or postpartum).

 Participants
 Seventy-five patients were finally included in 
this study, with a mean age of 44.28 ± 11.38 years. Of the 
total number of participants, 58.7% were females. Most of 
our patients were in a manic episode (N = 39, 52.0%), 16 
(21.3%) were in a depressive episode, 15 (20.0%) were in 
remission and 5 (6.7%) were in a mixed episode.

 Clinical assessments
 The Mini-International Neuropsychiatric 
Interview (MINI) [30] is a short, structured diagnostic 
interview based on the Diagnostic and Statistical Manual 
for Mental Disorders (DSM-IV) [31]. In order to confirm 
the diagnosis of bipolar I disorder among the participants 
included in the study, we used the Romanian translated 
version 6.0.0 of the MINI. 
 The SAD PERSONS Scale [32] is a widely-
used instrument for suicide risk assessment [32]. It was 
developed based on content validity [33] covering both 
demographic and clinical factors that are associated with 
increased suicide risk: male gender, years of age less than 
19 or over 45, the presence of depression, a previous 
suicide attempt, excessive alcohol or substance abuse, loss 
of rational thinking, poor social and familial support, the 
presence of a physical illness and having an organized plan 
for suicide [32]. A SAD PERSONS score of at least 5 was 
considered to reflect a medium-high suicide risk, and a 
SAD PERSONS score of at least 7 was considered to reflect 
a high suicide risk [32]. 
 Further data on possible confounding factors and 
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clinical characteristics of the sample were collected using a 
semi-structured interview, i.e. current medication, smoking 
status and age at onset, illness duration, total number of 
episodes, number of manic episodes, number of depressive 
episodes, number of hospital admissions, respectively.

 Laboratory assessments
 Blood samples were collected in EDTA tubes for 
platelet serotonin concentration assessment. First, platelet 
rich plasma was obtained by centrifugation at 200g for 10 
minutes. Subsequently, a platelet pellet was obtained by 
centrifugation for 10 minutes at 4500g of 200µl platelet rich 
plasma mixed with 800µl saline buffer. The platelet pellet 
was suspended in 200µl deionized water and stored frozen 
below -40˚C. Platelet serotonin concentration was then 
determined using the IVD ELISA system (LDN GmbH, 
Germany), per manufacturer protocol, and referred to 109 
platelets. 

 Statistical analysis
 The Kolmogorov-Smirnov test was used to test for 
the normality of data distributions. Spearman correlation 
coefficients were calculated, as SAD PERSONS scores are 
not continuous. The Mann-Whitney U test and Student’s 
t test were used to test for between groups differences 
of quantitative data. Levene’s test was used assess the 
differences in variances for continuous data. The χ2 test was 
used to test for differences in qualitative data distributions 
across groups. The IBM Statistical Pack for Social Sciences 
(SPSS) version 22.0.0.0 was used for statistical analysis.

RESULTS 

 The SAD PERSONS scores inversely correlate 
with platelet serotonin concentrations with a medium 
effect size (see Table 1).
 Furthermore, bipolar patients showing medium-
high suicide risk, as classified by their SAD PERSONS score, 
had significantly lower platelet serotonin concentrations, 
with a mean difference of 179.60 ng/109 platelets (see 
Table 2).
 The analysis of the distributions of the possible 
confounders showed no significant differences between 
our two groups (see Table 3).
 The analysis of the distributions regarding the 
clinical characteristics of the sample showed no significant 
differences between our two groups (see Table 4).

DISCUSSION

 The current study showed that BPD I patients 
with a medium-high risk of suicide, as measured by a 
cumulative score of known clinical and demographical 
suicide risk factors, had significantly lower levels of platelet 
rich plasma serotonin compared with BPD I patients with 
a low suicide risk. As stated in numerous research studies 
gender, age, depression, previous suicide attempt, alcohol 
abuse, loss of rational thinking, lack of social support, 
organized plan, no spouse, and medical comorbidities 
represent known suicide risk factors for bipolar disorder 
[7, 9-15]. As the most useful method for combating 
suicide is prevention, the assessment of well-established 

1 Student’s t test.

Spearman’s rho p
Platelet serotonin - 0.296 0.0391

Table 1. Correlations between platelet rich plasma serotonin concentrations and SAD PERSONS scores in bipolar I patients

1 Student’s t test.

Table 2. Differences in platelet rich plasma serotonin concentrations between low and medium-high suicide risk in bipolar I 
patients 

Low suicide risk patients Medium-high suicide risk patients p
Platelet serotonin 537.98 ± 289.99 358.38 ± 255.62 0,0261

Possible confounder Low suicide risk patients
Mean (SD) / N

Medium-high suicide risk patients
Mean (SD) / N p

Current treatment with mood stabilizers
Yes
No

19
3

26
4 NS1

Current treatment with antipsychotics
Yes
No

20
2

25
5 NS1

Current treatment with antidepressants
Yes
No

3
19

11
19 NS2

Current smoking
Yes
No

13
9

23
7 NS2

Table 3. The distributions of possible confounders between the low vs. medium-high suicide risk patients

1 Fisher’s Exact test, 2 χ2 test.
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risk factors represents a valuable intervention for reducing 
suicidal behaviour [2]. The SAD PERSONS Scale, of 
multiple psychometrics used to study suicidality in adults, 
is regarded as a valid assessment tool for suicide, having 
the combined qualities of reliability and speed/ease of 
administration [34]. A recent review of 9 research studies 
did not find any indication that the SAD PERSONS Scale 
performed well in the assessment or prediction of suicide 
or suicidal behaviour in clinical settings [33]. However, 
we consider that the review’s outcome is irrelevant to the 
current research, as we did not use the SAD PERSONS 
Scale to predict future suicidal behaviours and our sample 
does not subscribe to the 9 analysed studies, which mainly 
included participants presenting self-harm or suicidal 
behaviour.
 Our results are in line with other research studies that 
found correlations between low serotonin levels and suicide 
in schizophrenia [35, 36], schizoaffective disorder [31], post-
traumatic stress disorder (PTSD) [24] and depression [25, 
26, 37]. Opposing our results, one prior review contests the 
diagnostic and prognostic value of platelet serotonin levels 
as a suitable biomarker for suicide risk, by arguing small 
sample sizes, insufficient matching criteria for controls, and 
non-consideration of comorbidity in the reviewed data. 
The current study did not reveal any influence of possible 
confounders like current psychiatric treatment or smoking 
habits across our subgroups distribution, as shown in 
Table 3. The aforementioned review acknowledges that the 
considerable methodological differences between studies, 
that limit their comparability, cannot yet form a plausible 
biological model of suicidality [38].
 Considering the fact that a number of clinical 
factors have been reported as associated with suicide 
attempts in bipolar disorder [39], we decided to analyse if 

the age at onset, duration of illness, number of total, manic, 
and depressive lifetime episodes, and number of previous 
hospital admissions differ in respect to suicide risk. Our 
results did not show any significant difference relating to 
these clinical characteristics between the medium-high 
and low suicide risk subgroups, as shown in Table 4. 
 Several limitations of the current study need to be 
addressed. We were unable to use a layered regressive model 
to weigh the effects of various drugs (considered efficacious 
in bipolar disorder) or the distinct clinical subtypes (i.e. 
current type of episode) with low platelet 5-HT, due to a 
small sample size. Moreover, due to the cross-sectional 
design of our study, clinical or biological data for predicting 
future suicidal behaviour was not available. 

CONCLUSION

 The results of the current study have shown lower 
platelet 5-HT levels for participants with a moderate-high 
risk of suicide compared with those with a low suicide risk 
in BPD I. Our results are in line with the current research 
findings that support a low serotoninergic function in 
relation to suicidal behaviour [24-26, 29, 31, 35-37]. 
Further research is needed, with better heterogeneity 
between larger samples and longitudinal designs, in order 
to reasonably include platelet serotonin in the biological 
model of suicide in bipolar disorder. Future development 
of integrative, theoretic constructs and multidisciplinary 
approaches to taking on suicide risk factors would increase 
the possibility of their recognition and contribute to new 
research perspectives and better suicide prevention.

 Conflict of interest. The authors declare that 
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