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A B S T R A C T   

Pro-inflammatory status has been implicated in depression and suicidal behaviors. Polyunsaturated fatty acids 
(PUFAs) and cytokines, two types of inflammatory biomarkers, have been associated with suicide, independent 
of depression severity. How these biomarkers relate to each other is less clear. We measured plasma phospholipid 
levels of arachidonic acid (AA%), docosahexaenoic acid (DHA%), and eicosapentaenoic acid (EPA%) as a per-
centage of total phospholipids, as well as serum interleukin-6 (IL-6), interleukin-1β (IL-1β) and tumor necrosis 
factor α (TNF-α), in 80 patients with major depressive disorder (MDD) and 24 healthy controls (HC). Individual 
PUFA and cytokine species were compared using ANOVA across four suicide risk-stratified groups: 1) highest- 
risk, recent (within 5 years) suicide attempters (n = 20); 2) high-risk, severe current suicidal ideators (having 
intent or plan) with no recent attempt history (n = 22); 3) low-risk, current non-ideators who were also lifetime 
non-attempters (n = 38); and 4) HC (n = 24). None of the participants were enrolled following an acute suicide 
attempt. Of biomarkers studied, only DHA% (p = 0.012) and IL-1β (p = 0.002) differed between groups. In post- 
hoc testing, DHA% was lower in attempters than ideators (p = 0.018) or MDD non-ideators (trend level, p =
0.073). IL-1β was lowest in attempters, differentiating them from ideators (p = 0.009) and HC (p = 0.004). 
Recent suicide attempt, one of the most powerful predictors of suicide risk, was also most closely tied to in-
flammatory indices in this study. Low DHA% as an indicator of suicide risk is consistent with previous reports; 
however, lower IL-1β was unexpected and may relate to acuity/chronicity of inflammation. There is a need for 
prospective studies of immune status with respect to suicidal behaviors.   

1. Introduction 

According to the World Health Organization, 800,000 people die by 
suicide annually, with a rate of 10.7 per 100,000 individuals (WHO, 
2020). Among psychiatric illnesses, depression is most commonly 

associated with suicide, accounting for 30% of cases (Bachmann, 2018). 
Despite efforts to develop new interventions, the suicide rate has 
consistently risen over the past two decades (Hedegaard et al., 2018). 
We also know little about the fundamental neurobiological causes of 
suicidal behaviors (van Heeringen and Mann, 2014). Many previously 

* Corresponding author. Molecular Imaging and Neuropathology Area, New York State Psychiatric Institute, 1051 Riverside Drive, Unit 42, New York, NY, 10032, 
USA. 

E-mail address: Elizabeth.Sublette@nyspi.columbia.edu (M.E. Sublette).  

Contents lists available at ScienceDirect 

Journal of Psychiatric Research 

journal homepage: www.elsevier.com/locate/jpsychires 

https://doi.org/10.1016/j.jpsychires.2020.12.029 
Received 21 April 2020; Received in revised form 15 September 2020; Accepted 9 December 2020   

mailto:Elizabeth.Sublette@nyspi.columbia.edu
www.sciencedirect.com/science/journal/00223956
https://www.elsevier.com/locate/jpsychires
https://doi.org/10.1016/j.jpsychires.2020.12.029
https://doi.org/10.1016/j.jpsychires.2020.12.029
https://doi.org/10.1016/j.jpsychires.2020.12.029
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpsychires.2020.12.029&domain=pdf


Journal of Psychiatric Research 134 (2021) 192–199

193

identified risk factors are not modifiable, such as prior attempt history, 
sex and age (Hawton et al., 2013) although depression severity is 
modifiable and effects a reduction in suicide risk (Gibbons et al., 2012). 
Thus, a paramount goal of suicide research is the identification of 
etiologic processes amenable to clinical intervention. 

Inflammation is one promising candidate for modification that may 
affect suicide risk, because pro-inflammatory states are associated with 
major depression and with suicidal behavior (reviewed in (Ganança 
et al., 2016)). Higher levels of pro-inflammatory (Lindqvist et al., 2009) 
cytokines are associated with suicidal ideation (Karlović et al., 2012; 
Martinez et al., 2012; Monfrim et al., 2014; O’Donovan et al., 2013), 
with suicide attempt in both blood (Janelidze et al., 2011) and CSF 
(Lindqvist et al., 2009, 2011; Martinez et al., 2012), and with completed 
suicide in postmortem brain tissue (Hoyo-Becerra et al., 2013; Pandey 
et al., 2012; Tonelli et al., 2008) and in CSF of patients with previous 
violent suicide attempts and those who subsequently died by suicide 
(Lindqvist et al., 2011). Therefore, cytokine activation may exert some 
influence over suicidal behaviors in predisposed individuals (reviewed 
in (Ganança et al., 2016)). Increased cytokine levels are associated not 
only with lower serotonin concentrations, depression, and increased risk 
of suicidal behavior, but also with activation of the kynurenine pathway 
(Achtyes et al., 2019; Raison et al., 2010). In major depressive disorder 
(MDD), kynurenine is elevated in suicide attempters compared with 
non-attempters (Sublette et al., 2011a). 

Essential polyunsaturated fatty acids (PUFAs) play a key role in 
inflammation regulation, mainly by affecting the expression of pro- 
inflammatory mediators, and resolution through the actions of their 
active metabolites, generally known as specialized pro-resolving medi-
ators (SPMs) (Calder, 2017; Layé et al., 2018); omega-3 PUFAs correlate 
negatively with pro-inflammatory cytokines (Ferrucci et al., 2006; 
McNamara et al., 2010; Micallef et al., 2009) and positively with 
anti-inflammatory cytokines (Ferrucci et al., 2006). Moreover, omega-3 
PUFA supplementation reduces pro-inflammatory cytokine levels and 
enhances anti-inflammatory cytokine secretion (Oliver et al., 2012). 
Low omega-3 PUFA levels are also observed in major depression (Lin 
et al., 2010), in suicide attempters (Huan et al., 2004) and in suicide 
decedents (Lewis et al., 2011), and predicted future suicide attempts in 
one small study (Sublette et al., 2006). 

Low intake of omega-3 PUFAs may enhance suicide risk by affecting 
lipid raft composition, which in turn can impact: a) monoaminergic 
receptors and neurotransmission (Alfaidi et al., 2018; Liu et al., 2018), 
and b) toll-like receptors (TLR) (Wong et al., 2009), both of which are 
implicated in suicidal behaviors (Pandey et al., 2014). Possible mecha-
nistic intermediates in relationships between PUFAs and suicide risk 
have been reviewed in detail in (Daray et al., 2018). 

In this study we aimed to clarify relationships between suicide risk 
and specific pro-inflammatory cytokines or essential polyunsaturated 
fatty acids (PUFAs). From prior studies comparing these biomarkers in 
depressed patients with or without suicide risk (reviewed by us in 
(Ganança et al., 2016)), we selected three pro-inflammatory cytokines 
with strong evidence for an association between elevated levels and 
suicidal behaviors or ideation: IL-6 (Hoyo-Becerra et al., 2013; Janelidze 
et al., 2011; Karlović et al., 2012; Lindqvist et al., 2011; Lindqvist et al., 
2009; Martinez et al., 2012; O’Donovan et al., 2013; Pandey et al., 
2012), IL-1β (Martinez et al., 2012; Monfrim et al., 2014; Pandey et al., 
2012, 2018), and TNF-α (Janelidze et al., 2011; Martinez et al., 2012; 
Pandey et al., 2012). 

Likewise, we studied three PUFA species commonly associated with 
suicide risk: docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic 
acid (EPA, 20:5n-3), and arachidonic acid (AA, 20:4n-6) (Huan et al., 
2004; Lewis et al., 2011; Sublette et al., 2006). As aggression also has 
been associated with suicide risk (Hartley et al., 2018), with PUFA status 
(Gajos and Beaver, 2016; Virkkunen et al., 1987; Zaalberg et al., 2016), 
and with inflammation (Suarez, 2003; Suarez et al., 2002, 2004), we 
additionally explored whether aggression could affect the relationships 
between PUFAs or cytokines and risk of suicidal behavior. 

2. Material and methods 

2.1. Sample 

This research study was approved by the Institutional Review Board 
of the New York State Psychiatric Institute. We recruited adult partici-
pants with a diagnosis of DSM-IV Major Depressive Episode in the 
context of Major Depressive Disorder (MDD; n = 80) who scored at least 
16 on the 17-item Hamilton Depression Rating Scale (17-HDRS) 
(Hamilton, 1967), and HC (n = 24). All participants gave informed 
consent to participate in the study. Depressed patients were recruited 
according to the following stratification criteria for risk of suicidal 
behavior: 1) low suicide risk: no history of lifetime suicide attempts and 
no suicidal ideation at the time of enrollment (n = 38); 2) high suicide 
risk: severe suicidal ideation (with plan or intent) at the time of 
enrollment with no history of suicide attempts within the five years prior 
to enrollment (n = 22); or 3) highest risk: history of suicide attempt 
within the five years prior to enrollment (n = 20), regardless of suicidal 
ideation status at the time of study entry. Depressed patients with an 
‘intermediate’ level of suicide risk at the time of enrollment were 
excluded: suicide attempts more distant than five years or no history of 
attempts with passive suicidal ideation (HDRS-17 suicide item with 
scores of 2). Participants also were excluded if they presented with a 
history of psychosis, serious active medical illness, chronic pain condi-
tions, chronic allergies, anti-inflammatory or anti-allergy medication 
use on a regular basis or in the week previous to enrollment (if taken 
sporadically), substance use disorder in the 6 months prior to enroll-
ment, or pregnancy. Taking psychotropic medication was not an 
exclusion criterion for the depressed group. 

2.2. Clinical assessments and blood sampling 

All participants had a comprehensive psychiatric and medical 
assessment, physical examination and standard laboratory tests. Psy-
chiatric diagnoses were based on the Structured Clinical Interview for 
DSM-IV and confirmed in consensus meetings. Depression severity was 
assessed using the HDRS-17 at study entry. Dietary intake of omega-3 
PUFAs was assessed by a dietary questionnaire previously validated by 
us (Sublette et al., 2011b) for both healthy individuals and depressed 
patients, covering consumption of omega-3 fatty acids through 
self-reporting of the estimated weekly frequency and portion sizes of a 
list of specific fish, seafood, oils and nuts known to be major dietary 
omega-3 sources, for six months prior to study enrollment. Trait 
aggression was assessed using the Buss Perry Questionnaire (Buss and 
Perry, 1992). Clinical assessments and blood collection were all per-
formed at the same time point, at study entry. Due to recruitment pro-
cedure constraints, blood collection was not performed in a fasted state 
or at the same time of the day for every participant, occurring between 
12 p.m. and 4 p.m., depending on the participant’s scheduled appoint-
ment time. Blood samples were drawn into EDTA-containing tubes to 
obtain plasma for fatty acid measurement and tubes without anticoag-
ulant to obtain serum for cyokine measurement. Samples were placed 
into an ice-water slurry until centrifugation at low speed for 10 min in 
refrigerated conditions, followed by transfer of supernatant to cryotubes 
and immediate storage at − 80◦. For each of the three batches of assays, 
the serum was defrosted on ice and immediately refrozen at − 80◦. 

2.3. Cytokine analysis 

Cytokine serum levels of human IL-1β, IL-6 and TNF-α were deter-
mined in duplicate by enzyme-linked immunosorbent assay (ELISA) 
with commercially available Quantakine® kits (R & D Systems, Inc., 
Minneapolis, MN). Briefly, 100 μL of serum/plasma or standard was 
added to each well and incubated for 2 h at room temperature (RT) with 
gentle agitation using an orbital shaker. After 6 washes with wash 
buffer, 200 μL of conjugate was added to each well, incubated for 2 h at 
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room temperature, and again washed using wash buffer. Next, 50 μL of 
substrate solution was added to each well and incubated for 60 min, 
followed by addition of 50 μL of amplifier solution to each well, 30 min 
incubation, and addition of 50 μL of stop solution to each well. For each 
well, the optical density (O.D.) was determined within 30 min using a 
microplate reader at 490 nm, with wavelength correction set to 650 nm. 
The standard curve was generated by plotting the mean absorbance for 
each standard, and data points were linearized. Cytokine concentrations 
were determined by comparing the measured O.D. against the standard 
curve. The minimum detectable dose ranges of ELISA for the different 
cytokines were 0.014–0.63 pg/ml for IL-1β, 0.016–0.11 pg/ml for IL-6, 
and 0.038–0.191 pg/ml for TNF-α. 

2.4. Plasma PUFA analysis 

The plasma glycerophospholipid PUFAs EPA, DHA and AA were 
quantified using a modified high-throughput method (Glaser et al., 
2010) in which plasma proteins were precipitated in cold methanol with 
the internal standard 1,2-pentadecanoyl-sn-glycero-3-phosphocholine. 
Sodium methoxide was added to the methanol extract containing 
mainly polar lipids to selectively esterify the glycerophospholipids. After 
brief mixing, the mixture was acidified and fatty acid methyl esters were 
extracted with hexane, concentrated, and analyzed by gas chromatog-
raphy using a 30 m capillary column (DB-FFAP- J&W Scientific, Folsom, 
CA, USA). 

Individual PUFA levels were expressed as a percentage of total 
plasma phospholipids (DHA%, EPA % and AA%). 

2.5. Statistical analyses 

Statistical analyses were performed using IBM SPSS (version 22 for 
Mac, Apple Inc, Cupertino, CA). Normality of distribution was tested for 
continuous variables; natural log-transformed values of serum cytokine 
and PUFA concentrations were used in order to attenuate distributional 
skew and reduce outliers. The remaining extreme outliers identified 
using boxplots on SPSS were winsorized. 

Sociodemographics, clinical characteristics and inflammatory bio-
markers were compared among the stratified suicide risk groups and HC 
using ANOVA for continuous and chi-square tests for categorical vari-
ables. When variances were unequal, unequal variance ANOVA was run. 
Where the ANOVA was significant, post-hoc comparisons were per-
formed using Tukey’s HSD (Honest Significant Differences) testing, to 
compare each risk-stratified group individually with the other three 
groups with respect to inflammatory markers, and correlations were 
performed between biomarkers when significant. 

To understand the effects of the candidate biomarkers on suicide 
risk, logistic regression was used with suicide attempt history as the 
response variable, and the candidate biomarkers as predictor variables. 
Due to the low number of attempters, age, sex, depression severity, 
aggression and current antidepressant medication use status were 
included as covariates in separate analyses. 

To evaluate the effects of antidepressant medication use, a sensitivity 
analysis was performed by removing all participants using antidepres-
sants from the entire sample and repeating the ANOVA with post-hoc 
comparisons to compare biomarker means by the four stratified risk 
groups. Additionally, biomarkers showing any group differences in the 
previous analysis were compared between antidepressant and non- 
antidepressant users. Finally, antidepressant use was controlled for in 
the logistic regression models. 

For all analyses, p-values ≤ 0.05 were considered significant. For the 
ANOVA post-hoc analyses, multiple comparisons were adjusted for using 
the Tukey’s HSD. 

3. Results 

3.1. Sample characteristics 

Eighty patients with DSM-IV MDD, ages 18–63 yrs, and twenty-four 
healthy controls (HC), ages 18–51 yrs, were recruited. Demographic and 
clinical characteristics are presented in Table 1. No significant differ-
ences were found between groups with regard to sex, age, smoker status, 
BMI, race or ethnicity. The depressed group presented with moderate 
depression severity and, as expected, patients with current suicidal 
ideation had higher HDRS severity scores than past attempters and low 
suicide risk patients (p = 0.003). After removing the HDRS suicidal item, 
however, depression severity did not differ between groups (p = 0.360). 
Among the past attempter group (n = 20), the mean number of suicide 
attempts within 5 years before enrollment was 1.85 (SD 1.09, range 
1–4), and the median interval between the last suicide attempt and time 
of study enrollment was 10.5 months (interquartile range, 46). Of these, 
three participants had their only or most recent suicide attempt within 
one month of study recruitment. Although allowed by our inclusion 
criteria, none of the past suicide attempter participants were enrolled 
during the acute aftermath of a suicide attempt. Around half of the pa-
tients with high or highest suicide risk (current suicidal ideation and 
past attempters) were currently taking antidepressant medication, 
compared to only 8% of depressed patients with low suicide risk (p <
0.001). The depressed past attempter group showed higher levels of trait 
aggression (p = 0.001) than participants from the other stratified suicide 
risk groups. 

3.2. Biological markers and suicide risk 

PUFA and cytokine characteristics are shown in Table 2. Among all 
biomarkers, only DHA% (p = 0.012) and IL-1β (p = 0.002) differed 
between groups. Post-hoc pairwise comparisons showed DHA% was 
lower in the highest-risk group (suicide attempters) than in the high-risk 
(severe ideators) (p = 0.018) or low-risk (no ideation or attempts) 
groups (trend level, p = 0.073) (Fig. 1A). IL-1β also was lower in the 
highest-risk, suicide attempter group than in high-risk severe ideators (p 
= 0.009) or HC (p = 0.004) (Fig. 1B). EPA% differed between groups at a 
trend level (p = 0.058); no differences between groups were found for 
AA%, IL-6 or TNF-α (data not shown). 

In a logistic regression model including DHA%, IL-1β and aggression 
as predictors, each variable independently predicted suicide attempt 
status (DHA%, p = 0.019; IL-1 β, p = 0.036; aggression, p = 0.025). 
However, no correlations were found between DHA% and IL-1β, or be-
tween either of these biomarkers and aggression, number of suicide 
attempts (within the 5 years previous to enrollment) or depression 
severity, after removing the suicide item, within each of the four indi-
vidual subgroups (data not shown). 

Sensitivity analyses performed to understand the role of antide-
pressant use found similar results in the relationships between the in-
flammatory biomarkers and suicide risk status when current 
antidepressant users were excluded. DHA% (p = 0.025) and IL-1 β (p <
0.001) still differed between groups. On post-hoc pairwise comparisons, 
DHA% still was lower in highest-risk suicide attempters (n = 11) than in 
high-risk severe ideators (n = 11; p = 0.045), and IL-1β still was lower in 
attempters compared to severe ideators (p < 0.001) and HC (n = 24; p =
0.005). Likewise, within the attempter group, DHA% and IL-1β means 
did not differ when antidepressant users (n = 9) were compared to non- 
users (n = 11) (data not shown). Similarly, controlling for antidepressant 
use in our logistic regression model described above, DHA%, IL-1β and 
aggression still predicted suicide attempt status, (DHA%, b = 0.543, p =
0.02; IL-1β, b = 0.884, p = 0.04; aggression, b = − 0.031, p = 0.039), 
while antidepressant use did not (b = 0.691, p = 0.289). Finally, similar 
significant results were obtained when controlling for BMI in the same 
model (DHA%, b = 0.577, p = 0.019; IL-1β, b = 0.899, p = 0.039; 
aggression, b = − 0.033, p = 0.028; and BMI, b = 0.020, p = 0.734). 
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4. Discussion 

To our knowledge, this is the first published study to simultaneously 
assess the relationships of PUFA and pro-inflammatory cytokine levels to 
suicide risk stratification. Our finding of low DHA% in depressed pa-
tients with a history of suicide attempt is in accordance with previous 
studies linking low omega-3 status and suicide risk (Huan et al., 2004; 
Lewis et al., 2011; Sublette et al., 2006). Contrary to expectations, 
however, we did not find elevated pro-inflammatory cytokine levels in 
high-risk or highest-risk patients, even IL-6, which is elevated in asso-
ciation with suicide risk in most studies (reviewed in (Ganança et al., 
2016)). 

Lower IL-1β levels in attempters likewise was unexpected. However, 
three previous studies did find lower IL-1β related to suicidal behavior 
(Coryell et al., 2018; Lu et al., 2019) or depression (Ovaskainen et al., 
2009). In contrast, some other studies found a positive association 
(Martinez et al., 2012; Monfrim et al., 2014; Pandey et al., 2012, 2018) 
or no association (Gabbay et al., 2009; Huang and Lee, 2007; Isung et al., 
2012; Lindqvist et al., 2009; Tonelli et al., 2008; Torres-Platas et al., 
2014) between IL-1β and suicidal behaviors. 

As expected from previous studies (Keilp et al., 2006; Oquendo et al., 
2004), we also found higher trait aggression in suicide attempters; 
however, we found no relationship between aggression and the bio-
logical markers that we studied. 

DHA has well-established anti-inflammatory properties, and low 
DHA levels have been consistently associated with pro-inflammatory 

states in animal (McNamara et al., 2010) and human studies (Ferrucci 
et al., 2006; Maes et al., 2000; Micallef et al., 2009). Furthermore, DHA 
metabolites (SPMs), namely resolvins, protectins and maresins, actively 
stimulate the inflammation resolution process (reviewed in (Joffre et al., 
2019; Serhan, 2014)). In contrast, IL-1β is one of the main 
pro-inflammatory cytokines, having an important role in activating IL-6 
and inducing the acute phase reactant C-reactive protein (CRP). 
Regarding the relationship between these two biological species, in prior 
studies DHA consistently opposes IL-1. For example, DHA: 1) causes 
decreased IL-1β production in vitro in activated macrophages, in a 
concentration-dependent manner (Solanki et al., 2013) and more 
potently than does EPA (Weldon et al., 2007); 2) inhibits IL-1β expres-
sion and apoptotic activity in chondrosarcoma cells (Xu et al., 2019); 3) 
decreases IL-1-mediated ERK1/2 signaling in hepatic cells (Ventro et al., 
2017); 4) decreases IL-1 levels, in combination with ketamine, in hip-
pocampal LPS-induced cells (Chang et al., 2019); and 5) in combination 
with antidepressants, counteracts the deleterious effects of IL-1 on hip-
pocampal neurogenesis (Borsini et al., 2017). In animal models, DHA 
supplementation reduces plaque endothelial IL-1β (Alfaidi et al., 2018). 
In a clinical study, dietary supplementation with EPA plus DHA in aging 
adults with chronic venous leg ulcers decreased IL-1 β after 4 weeks of 
treatment (Tan et al., 2018). Moreover, DHA product resolvin D1 
(RvD1) has a blunting effect on neuroinflammation, e.g. it decreases in 
vitro gene expression of LPS-stimulated microglial IL-1β, IL-6 and TNF-α 
(Rey et al., 2016) and decreases microglial activation and INF-γ pro-
duction, in a rat Parkinson’s disease model (Krashia et al., 2019). 

Table 1 
Sociodemographic and clinical characteristics stratified by suicide risk.  

Characteristic Healthy Volunteers (n 
= 24) 

MDD Low Suicide Risk (n 
= 38) 

MDD High Suicide Risk Statistics 

Current High Suicidal Ideation 
(n = 22) 

Past Attempters (n =
20) 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) df F-test p-value 

Age 33.67 (9.84) 35.08 (9.72) 37.72 (12.02) 32.70 (13.44) 3 0.813 0.490 
BMI 27.08 (6.30) 24.65 (6.70) 23.98 (7.70) 24.92 (5.1) 3 0.904 0.442 
16-HDRS * N/A 19.81 (3.57) 20.50 (3.24) 18.95 (3.10) 2 1.035 0.360 
BPQ 52.36 (13.50) 66.78 (21.99) 70.28 (17.61) 76.63 (23.76) 2 5.605 0.001  

n (%) n (%) n (%) n (%) df χ2 p-value 

Male sex 15 (62.5) 6 (16) 12 (55) 10 (50) 3 2.011 0.57 
White race 10 (41.6) 19 (50) 17 (77.3) 10 (50) 3 6.636 0.08 
Non-Hispanic ethnicity 10 (41.6) 33 (86.8) 20 (90.9) 17 (85) 3 1.360 0.715 
Smoker 0 (0) 7 (18) 3 (14) 3 (15) 3 4.744 0.192 
Current antidepressant 

use 
N/A 3 (7.9) 11 (50) 9 (45) 2 15.496 <0.001 

BMI - Body mass index; *16-HDRS - Hamilton depression rating scale, without suicide ideation item; BPQ - Buss Perry aggression questionnaire; MDD – major 
depressive disorder. 

Table 2 
Lipid and inflammatory characteristics stratified by suicide risk.  

Characteristic Healthy Volunteers MDD Low Suicide Risk MDD High Suicide Risk Statistics 

Current High Suicidal Ideation Past Attempters 

Cytokines (pg/mL) Mean (SD) Mean (SD) Mean (SD) Mean (SD) F-test df p-value 

IL-1β 0.101 (0.41) 0.08 (0.45) 0.095 0.49) 0.061 (0.36) 5.201 3 0.002 
IL-6 1.73 (0.89) 1.39 (0.91) 1.69 (1.00) 1.63 (0.83) 0.440 3 0.725 
TNF-α 0.97 (0.49) 0.97 (0.29) 1.10 (0.79) 0.89 (0.31) 0.322 3 0.809 
PUFA% 
AA % 13.64 (2.64) 13.28 (2.70) 14.10 (2.42) 12.88 (2.71) 0.440 3 0.475 
EPA % 0.85 (0.43) 1.13 (1.06) 1.38 (0.43) 0.76 (0.29) 2.574 3 0.058 
DHA % 4.25 (1.61) 4.97 (1.78) 5.18 (1.72) 3.67 (1.07) 3.826 3 0.012 
Dietary Intake (g/d) 
EPA 0.02 (0.03) 0.03 (0.04) 0.03 (0.04) 0.01 (0.005) 2.832 3 0.043 
DHA 0.05 (0.06) 0.06 (0.06) 0.06 (0.08) 0.02 (0.02) 2.056 3 0.111 
ALA 0.22 (0.29) 0.28 (0.33) 0.15 (0.19) 0.20 (0.25) 0.884 3 0.452 

IL – interleukin; TNF – tumor necrosis factor; AA – arachidonic acid; ALA – alpha – linoleic acid; EPA - eicosapentaenoic acid; DHA – docosahexaenoic acid; MDD – 
major depressive disorder. 
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One explanation for our discrepant findings could be that the above 
studies demonstrate acute effects of DHA supplementation on IL-1β, 
which may not reflect effects of the chronic stress of low DHA and the 
subsequent responses within the inflammatory framework which are 
likely complex, non-linear, and modulated by multiple factors. Rein-
forcing this aspect is the fact that our suicide attempter sample was not 
recruited in the acute stage following a suicide attempt, which might 
yield results more similar to the abovementioned studies. In the context 
of PUFA-cytokine interactions, it is noteworthy that a few studies in cell 
cultures also found pro-inflammatory activity in response to DHA 
(Horowitz et al., 2014; Maes et al., 2007), that might be dose-dependent 

(Paschoal et al., 2013). That DHA may exhibit both anti- and 
pro-inflammatory properties in different contexts suggests a possible 
immune-regulatory role that may depend on the cell type, dosage/-
concentration, and other components of the inflammatory milieu. 

There is evidence suggesting that the inflammatory activation seen in 
subsets of depressed patients elicits an immune-suppressive response 
known as the compensatory immune-regulatory reflex system (CIRS) 
(Maes and Carvalho, 2018), adaptively attenuating excessive inflam-
matory responses. For instance, besides their actions initiating the acute 
phase of the immune response, pro-inflammatory cytokines also home-
ostatically stimulate the increased production of their cellular receptors, 

Fig. 1. Docosahexaenoic Acid (A) and Interleukin-1β (B) Levels Grouped by Suicide Risk Stratification. 
*[ = p < 0.01; ◆[ = trend level p = 0.073. P-values are after correction for multiple comparisons. Abbreviations: HC- Healthy controls; LR - low risk (no current 
suicidal ideation, no lifetime history of suicide attempts); SI - current suicidal ideators with plan or intent; ATT - suicide attempters within 5 years. 
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which when soluble after shedding from cell membranes, may in turn 
bind to the corresponding pro-inflammatory cytokines and dampen their 
actions. A meta-analysis (Köhler et al., 2017) in depression found 
increased levels of 1) the soluble IL-1 receptor antagonist (sIL-1RA), 
which binds competitively to the IL-1R and blocks further IL-1 activity, 
2) soluble receptors for tumor necrosis factor (sTNF-R) and interleukin-2 
(sIL-2R), and 3) the anti-inflammatory cytokine IL-10. It has been sug-
gested that activation of CIRS might contribute to the recovery from the 
acute phases of depression, either spontaneously or in response to 
treatment (Maes and Carvalho, 2018). Also contributing to a return to 
homeostasis, pro-resolving metabolites (SPMs) might help attenuate 
pro-inflammatory cytokine levels. Although higher levels of SPMs might 
not be expected to be found in our sample of attempters with low DHA 
levels since SPM concentrations are largely dependent on PUFA dietary 
consumption, inflammatory states per se also induce enzymatic biosyn-
thesis of these mediators. Recently, increased RvD1 levels have been 
described in mania and depression states compared to euthymia in bi-
polar patients and healthy controls (Kok Kendirlioglu et al., 2020), 
possibly consistent with subclinical inflammation. Further studies are 
needed to better understand these relationships. 

Only a few studies have investigated CIRS biomarkers with regard to 
suicidal behavior. Elevated sIL-2R was observed in suicide attempters 
(Nassberger and Traskman-Bendz, 1993). High IL-4 also has been re-
ported in the prefrontal cortex of suicide adolescents (Tonelli et al., 
2008), whereas on meta-analysis, plasma IL-4 levels were lower in 
depressed patients with suicide risk than in controls (Ducasse et al., 
2015). No studies evaluating SPMs with regard to suicidal behavior have 
been reported. 

Being cross-sectional, our data can provide no evidence for causal 
mechanisms. However, since we are considering suicidal behavior that 
occurred prior to the evaluation over a fairly large timeframe, it is 
possible that the chronic stress of low dietary DHA plus pro- 
inflammatory cytokine activation in the past might have contributed 
to suicidal behaviors, followed by attenuation of pro-inflammatory 
mediators through the CIRS and pro-resolving pathways. 

To better understand the complex interactions between PUFAs and 
immune biomarkers, future studies should include assessment of both 
pro and anti-inflammatory molecules, including cytokine soluble cyto-
kine receptors (sIL-1RA, sTNF-R1, sTNF-R2, sIL-2R) and their ratios with 
the respective circulating cytokines, anti-inflammatory cytokines such 
as IL-4 and IL-10 and PUFA pro-resolving metabolites involved in 
inflammation resolution. Although procedurally less feasible and 
conferring more burden on participants, concomitant CSF measurement 
of these biomarkers would be the ideal approach. Prospective studies are 
of paramount importance to characterize the evolution of these bio-
markers according to the disease staging, whether in acute episodes, 
remission or chronicity. For instance, it would be beneficial to include 
patients from emergency room departments or from inpatient units with 
admissions due to acute suicide attempts. Lastly, instruments like the 
Food Frequency Questionnaire are helpful in cross-sectional studies like 
ours but are subject to recall bias. Including dietary tracking logs for 
participants in prospective studies could provide more accuracy in 
assessing omega-3 dietary consumption. 

The clinical importance of our findings is that both DHA deficiency 
and inflammation are modifiable risk factors amenable to intervention 
and their evaluation could be part of the standard suicide risk assess-
ment. Increasing omega-3 PUFA intake through diet or supplementation 
is an affordable and safe measure that could have an impact in pre-
venting suicidal behaviors. Our results also suggest that within the 
spectrum of suicidal behavior, suicide attempt status is a more useful 
marker than suicidal ideation for suicide risk related to inflammation. 
This is consistent with clinical findings that suicide attempts also predict 
suicide more reliably than suicidal ideation (Hawton et al., 2013). 

4.1. Limitations 

Limitations to our study include the small sample size, particularly 
given the large variance seen in the PUFA and cytokine measurements. A 
procedural limitation was that serum for cytokine analysis underwent 
three thawing and refreezing cycles, which might have influenced the 
cytokine measurements, although most cytokines have been shown to be 
unaffected by up to three freeze-thaw cycles (Thavasu et al., 1992). 
Another limitation of the study design was not drawing blood in a fasted 
state and at the same time of the day for every participant. Since IL-6 
secretion follows a circadian rhythm with two daily peaks, morning 
and evening (Vgontzas et al., 2005), a possible confound regarding our 
IL-6 results could be that the blood draws were not performed at the 
same time of day. Another possible confound related to our blood 
drawing procedure is that fasting state and content of meals can also 
impact cytokine circulating levels (Zhou et al., 2010). Additionally, in 
contrast to brain DHA levels that largely reflect dietary intake, cytokines 
do not easily cross the blood brain barrier, and peripheral levels may not 
mirror central levels (Lindqvist et al., 2009; Miller et al., 2019; Wang 
and Miller, 2018), complicating the interpretation of circulating cyto-
kine measurement results. A final limitation is that although suicide 
attempt history is a known marker for future suicide risk, suicide at-
tempts occurred at a median interval of 10.5 months previous to study 
entry, so connections between suicide attempt status and inflammatory 
responses fall into a chronic, rather than acute category. Strengths of the 
study design include comparisons between different, well-defined phe-
notypes of suicidal behavior, having controlled or excluded participants 
in regard to many relevant confounders described for cytokine research, 
namely presence of allergies, inflammatory illnesses, chronic pain, 
anti-inflammatory medications, aging, body weight, smoking, and 
excessive alcohol consumption (Himmerich et al., 2019). Although 
medication use was a potential confound, our analyses refute that. 

5. Conclusions 

Our results are consistent with prior observations of low DHA asso-
ciated with suicidal behavior but do not support a role for a persisting 
pro-inflammatory state within five years of suicide attempt. For a 
nuanced understanding of inflammation and suicide risk, future studies 
focusing prospectively on the timing of cytokine responses related to 
suicidal behaviors may be of fundamental importance. Understanding 
the complex network of immune mediators and timing of the immune 
response related to suicidal behaviors can inform the development of 
individualized treatments targeting the biomarkers of interest. 

Funding 

This work was supported by the American Foundation for Suicide 
Prevention (AFSP) [(PI: Sublette) 10/1/13 – 9/30/15], the Association 
for Research and Development of the School of Medicine, University of 
Lisbon (Ganança), and by the National Institutes of Health [5 R01 
MH48514-20 (PI: Oquendo) 12/01/08-11/30/14] and [1 P50 
MH090964-01A1 (PI: Mann) 7/19/13 – 6/30/18]. 

Author statement 

Licínia Ganança: Data curation; Formal analysis; Investigation; 
Methodology; Project administration; Visualization; Roles/Writing – 
original draft, Hanga C. Galfalvy: Formal analysis; Writing – review & 
editing, Sebastian Cisneros-Trujillo: Data curation; Investigation; 
Writing – review & editing. Zahra Basseda: Data curation; Investigation; 
Writing – review & editing. Thomas B. Cooper: Methodology; Investi-
gation; Writing – review & editing. Xinguo Ren: Methodology; Investi-
gation; Writing – review & editing. Maria A. Oquendo: Funding 
acquisition; Writing – review & editing, Maria Luisa Figueira: Writing – 
review & editing, J. John Mann: Supervision; Writing – review & 

L. Ganança et al.                                                                                                                                                                                                                               



Journal of Psychiatric Research 134 (2021) 192–199

198

editing, M. Elizabeth Sublette: Conceptualization; Funding acquisition; 
Supervision; Writing – review & editing 

Declaration of competing interest 

Dr. Oquendo owns equity in Mantra, Inc. Her family owns stock in 
Bristol Myers Squibb. Drs. Oquendo and Mann receive royalties from the 
Research Foundation for Mental Hygiene for the commercial use of the 
C-SSRS. All other authors have no conflicts to report. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jpsychires.2020.12.029. 

References 

Achtyes, E., Keaton, S.A., Smart, L., Burmeister, A.R., Heilman, P.L., Krzyzanowski, S., 
Nagalla, M., Guillemin, G.J., Escobar Galvis, M.L., Lim, C.K., Muzik, M., 
Postolache, T., Leach, R., Brundin, L., 2019. Inflammation and kynurenine pathway 
dysregulation in post-partum women with severe and suicidal depression. Brain 
Behav. Immun. 83, 239–247. 

Alfaidi, M.A., Chamberlain, J., Rothman, A., Crossman, D., Villa-Uriol, M.C., Hadoke, P., 
Wu, J., Schenkel, T., Evans, P.C., Francis, S.E., 2018. Dietary docosahexaenoic acid 
reduces oscillatory wall shear stress, atherosclerosis, and hypertension, most likely 
mediated via an IL-1-mediated mechanism. J Am Heart Assoc 7 (13). 

Bachmann, S., 2018. Epidemiology of suicide and the psychiatric perspective. Int. J. 
Environ. Res. Publ. Health 15 (7). 

Borsini, A., Alboni, S., Horowitz, M.A., Tojo, L.M., Cannazza, G., Su, K.P., Pariante, C.M., 
Zunszain, P.A., 2017. Rescue of IL-1β-induced reduction of human neurogenesis by 
omega-3 fatty acids and antidepressants. Brain Behav. Immun. 65, 230–238. 

Buss, A.H., Perry, M., 1992. The aggression questionnaire. J. Pers. Soc. Psychol. 63 (3), 
452–459. 

Calder, P.C., 2017. Omega-3 fatty acids and inflammatory processes: from molecules to 
man. Biochem. Soc. Trans. 45 (5), 1105–1115. 

Chang, D., Zhao, J., Zhang, X., Lian, H., Du, X., Yuan, R., Wen, Y., Gao, L., 2019. Effect of 
ketamine combined with DHA on lipopolysaccharide-induced depression-like 
behavior in rats. Int. Immunopharm. 75, 105788. 

Coryell, W., Wilcox, H., Evans, S.J., Pandey, G.N., Jones-Brando, L., Dickerson, F., 
Yolken, R., 2018. Aggression, impulsivity and inflammatory markers as risk factors 
for suicidal behavior. J. Psychiatr. Res. 106, 38–42. 

Daray, F.M., Mann, J.J., Sublette, M.E., 2018. How lipids may affect risk for suicidal 
behavior. J. Psychiatr. Res. 104, 16–23. 

Ducasse, D., Olie, E., Guillaume, S., Artero, S., Courtet, P., 2015. A meta-analysis of 
cytokines in suicidal behavior. Brain Behav. Immun. 46, 203–211. 

Ferrucci, L., Cherubini, A., Bandinelli, S., Bartali, B., Corsi, A., Lauretani, F., Martin, A., 
Andres-Lacueva, C., Senin, U., Guralnik, J.M., 2006. Relationship of plasma 
polyunsaturated fatty acids to circulating inflammatory markers. J. Clin. Endocrinol. 
Metab. 91 (2), 439–446. 

Gabbay, V., Klein, R.G., Guttman, L.E., Babb, J.S., Alonso, C.M., Nishawala, M., Katz, Y., 
Gaite, M.R., Gonzalez, C.J., 2009. A preliminary study of cytokines in suicidal and 
nonsuicidal adolescents with major depression. J. Child Adolesc. Psychopharmacol. 
19 (4), 423–430. 

Gajos, J.M., Beaver, K.M., 2016. The effect of omega-3 fatty acids on aggression: a meta- 
analysis. Neurosci. Biobehav. Rev. 69, 147–158. 

Ganança, L., Oquendo, M.A., Tyrka, A.R., Cisneros-Trujillo, S., Mann, J.J., Sublette, M.E., 
2016. The role of cytokines in the pathophysiology of suicidal behavior. 
Psychoneuroendocrinology 63, 296–310. 

Gibbons, R.D., Brown, C.H., Hur, K., Davis, J., Mann, J.J., 2012. Suicidal thoughts and 
behavior with antidepressant treatment: reanalysis of the randomized placebo- 
controlled studies of fluoxetine and venlafaxine. Arch. Gen. Psychiatr. 69 (6), 
580–587. 

Glaser, C., Demmelmair, H., Koletzko, B., 2010. High-throughput analysis of fatty acid 
composition of plasma glycerophospholipids. J. Lipid Res. 51 (1), 216–221. 

Hamilton, M, 1967. Development of a rating scale for primary depressive illness. Br J Soc 
Clin Psychol 6 (4), 278–296. 

Hartley, C.M., Pettit, J.W., Castellanos, D., 2018. Reactive aggression and suicide-related 
behaviors in children and adolescents: a review and preliminary meta-analysis. 
Suicide Life-Threatening Behav. 48 (1), 38–51. 

Hawton, K., Casanas, I.C.C., Haw, C., Saunders, K., 2013. Risk factors for suicide in 
individuals with depression: a systematic review. J. Affect. Disord. 147 (1–3), 17–28. 

Hedegaard, H., Curtin, S.C., Warner, M., 2018. Suicide rates in the United States continue 
to increase. NCHS Data Brief 309, 1–8. 

Himmerich, H., Patsalos, O., Lichtblau, N., Ibrahim, M.A.A., Dalton, B., 2019. Cytokine 
research in depression: principles, challenges, and open questions. Front. Psychiatr. 
10, 30. 

Horowitz, M.A., Wertz, J., Zhu, D., Cattaneo, A., Musaelyan, K., Nikkheslat, N., 
Thuret, S., Pariante, C.M., Zunszain, P.A., 2014. Antidepressant compounds can be 
both pro- and anti-inflammatory in human hippocampal cells. Int. J. 
Neuropsychopharmacol. 18 (3). 

Hoyo-Becerra, C., Huebener, A., Trippler, M., Lutterbeck, M., Liu, Z.J., Truebner, K., 
Bajanowski, T., Gerken, G., Hermann, D.M., Schlaak, J.F., 2013. Concomitant 
interferon alpha stimulation and TLR3 activation induces neuronal expression of 
depression-related genes that are elevated in the brain of suicidal persons. PloS One 
8 (12), e83149. 

Huan, M., Hamazaki, K., Sun, Y., Itomura, M., Liu, H., Kang, W., Watanabe, S., 
Terasawa, K., Hamazaki, T., 2004. Suicide attempt and n-3 fatty acid levels in red 
blood cells: a case control study in China. Biol. Psychiatr. 56 (7), 490–496. 

Huang, T.L., Lee, C.T., 2007. T-helper 1/T-helper 2 cytokine imbalance and clinical 
phenotypes of acute-phase major depression. Psychiatr. Clin. Neurosci. 61 (4), 
415–420. 

Isung, J., Mobarrez, F., Nordström, P., Asberg, M., Jokinen, J., 2012. Low plasma 
vascular endothelial growth factor (VEGF) associated with completed suicide. World 
J. Biol. Psychiatr. 13 (6), 468–473. 
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Köhler, C.A., Freitas, T.H., Maes, M., de Andrade, N.Q., Liu, C.S., Fernandes, B.S., 
Stubbs, B., Solmi, M., Veronese, N., Herrmann, N., Raison, C.L., Miller, B.J., 
Lanctôt, K.L., Carvalho, A.F., 2017. Peripheral cytokine and chemokine alterations in 
depression: a meta-analysis of 82 studies. Acta Psychiatr. Scand. 135 (5), 373–387. 

Kok Kendirlioglu, B., Unalan Ozpercin, P., Yuksel Oksuz, O., Sozen, S., Cihnioglu, R., 
Kalelioglu, T., Ilnem, M.C., Karamustafalioglu, N., 2020. Resolvin D1 as a novel anti- 
inflammatory marker in manic, depressive and euthymic states of bipolar disorder. 
Nord. J. Psychiatr. 74 (2), 83–88. 

Krashia, P., Cordella, A., Nobili, A., La Barbera, L., Federici, M., Leuti, A., Campanelli, F., 
Natale, G., Marino, G., Calabrese, V., Vedele, F., Ghiglieri, V., Picconi, B., Di 
Lazzaro, G., Schirinzi, T., Sancesario, G., Casadei, N., Riess, O., Bernardini, S., 
Pisani, A., Calabresi, P., Viscomi, M.T., Serhan, C.N., Chiurchiù, V., D’Amelio, M., 
Mercuri, N.B., 2019. Author Correction: blunting neuroinflammation with resolvin 
D1 prevents early pathology in a rat model of Parkinson’s disease. Nat. Commun. 10 
(1), 4725. 

Layé, S., Nadjar, A., Joffre, C., Bazinet, R.P., 2018. Anti-inflammatory effects of omega-3 
fatty acids in the brain: physiological mechanisms and relevance to pharmacology. 
Pharmacol. Rev. 70 (1), 12–38. 

Lewis, M.D., Hibbeln, J.R., Johnson, J.E., Lin, Y.H., Hyun, D.Y., Loewke, J.D., 2011. 
Suicide deaths of active-duty US military and omega-3 fatty-acid status: a case- 
control comparison. J. Clin. Psychiatr. 72 (12), 1585–1590. 

Lin, P.Y., Huang, S.Y., Su, K.P., 2010. A meta-analytic review of polyunsaturated fatty 
acid compositions in patients with depression. Biol. Psychiatr. 68 (2), 140–147. 

Lindqvist, D., Janelidze, S., Erhardt, S., Traskman-Bendz, L., Engstrom, G., Brundin, L., 
2011. CSF biomarkers in suicide attempters–a principal component analysis. Acta 
Psychiatr. Scand. 124 (1), 52–61. 

Lindqvist, D., Janelidze, S., Hagell, P., Erhardt, S., Samuelsson, M., Minthon, L., 
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