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ABSTRACT

Introduction: Suicidal ideation, an important risk factor for suicide attempts, has an unclear neurobiological basis
and is potentially linked to the dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis and immune-
inflammatory systems. While inflammatory markers have been associated with suicide attempts and, to a
lower extent suicidal ideation, the data on the role of a stress-response system is less robust, with most studies
carried out with cortisol showing inconsistent results. The present study extends on the previous studies
implicating stress-response and immune-inflammatory systems in suicidal thoughts and behaviours, focusing on
the associations of several stress-response (adrenocorticotropic hormone (ACTH), cortisol, and dehydroepian-
drosterone (DHEA)) and immune-inflammatory (C-reactive protein (CRP),interle ukin-6 (IL-6), and tumour ne-
crosis factor-alpha (TNF-alpha)) with suicidal ideation severity in recent suicide attempters, patients with major
depressive disorder, and non-psychiatric controls.

Methods: This observational study included 156 adults from three Vilnius hospitals, recruited into one of the
three groups in equal parts: recent suicide attempters, patients with major depressive disorder in current
depressive episode, and non-psychiatric controls. Measures included the Hamilton Depression Rating Scale
(HDRS-17) and the Beck Scale for Suicide Ideation/Suicide Severity Index (BSS/SSI), alongside sociodemo-
graphic data, alcohol, tobacco use, and morning blood samples, measuring plasma ACTH, cortisol, DHEA, CRP,
and IL-6. Data were analysed with non-parametric tests, Kendall’s tau correlation, and multivariate linear
regression adjusted for confounders.

Results: We found a negative correlation between the plasma ACTH levels and suicidal ideation severity (tau =
—0.130, p = 0.033), which was driven by the patients with major depressive disorder (tau = —0.237, p = 0.031).
Suicidal ideation severity was also negatively correlated with TNF-alpha (tau = —0.231; p < 0.001), positively
correlated with IL-6 (tau = 0.154, p = 0.015), and CRP levels (tau = 0.153, p = 0.015), but no differences were
observed in group-stratified analyses. The association between plasma ACTH levels and suicidal ideation severity
in patients with major depressive disorder remained robust to adjustment for major confounders (adjusted for
age, sex, education years, body mass index, smoking status, plasma CRP and PEth concentration (measuring
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chronic alcohol exposure), and antidepressant use) in the linear regression model (t = —2.71, p = 0.011), as well
as additionally adjusting for depression severity (t = —2.99, p = 0.006).

Discussion: The present study shows an association between plasma ACTH levels and suicidal ideation severity in
patients with major depressive disorder, robust to adjustment for antidepressant use and depression severity.
This finding highlights the potential role of ACTH, in elucidating the effects of stress and mental health disorders.
Our findings underscore the importance of the HPA axis in the diagnosis and treatment of suicidal ideation in
major depressive disorder and invite further research on interventions targeting this pathway.

1. Introduction

Suicidal ideation is a significant risk factor for suicide and suicide
attempts, and its early identification and management can prevent
further progression towards completed suicide [1,2]. It is a common
phenomenon in suicide attempters, and people with psychiatric ill-
nesses, of which major depressive disorder (MDD) is the most common
one, and less frequent, but still observed in the general population [3]

Although the neurobiological basis of suicidal ideation remains un-
clear, dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis
and immune-inflammatory systems have been implicated in the patho-
physiology of suicidal thoughts and behaviours (STB) [4-6]. It has been
proposed that the bidirectional association between cortisol cytokine
regulation is involved in STB [7]. Furthermore, some studies have re-
ported differences in some inflammatory, such as the acute phase
reactant protein C-reactive protein (CRP) and interleukin (IL)-6, as well
as some other less-studied cytokines, and HPA activity markers, such as
blunted HPA axis activity between suicide attempters and depressed
individuals or those considered at risk of suicidal behaviours without
suicide  attempt history [5,8-13]. Meanwhile, increased
immune-inflammation markers and HPA axis dysregulation have also
been consistently associated with depression [14]. While studies show
that the association between immune-inflammatory dysregulation and
STB is at least partly independent of depressive symptoms, associations
with SI seem to be less robust than with SA [6,10] and studies on HPA
axis markers are even more inconsistent.

Cortisol, the primary glucocorticoid hormone released by the adrenal
gland in response to stress, is one of the most widely studied biomarkers
of the HPA axis dysregulation in patients with depression and STB [14,
15]. However, research on the relationship between cortisol and STB
was complicated by several factors. First, there have been inconsistent
findings regarding cortisol levels in suicide attempters [16]. This
inconsistency may be due to various factors such as small sample sizes,
differences in diagnostic criteria, and variations in methods for
measuring cortisol levels, including taking into account the marked
variation of plasma cortisol levels throughout the day [16]. To make
things more complex, in depressed patients, plasma cortisol levels can
stay elevated throughout the day, further complicating the comparisons
[17,18]. Such Inconsistencies have led to the stalling of HPA
system-related marker studies in STB, possibly stalling the progress to-
wards clinically useful biomarkers.

Besides immune markers and cortisol, another interesting option is
to study the hormone that is tightly linked to cortisol and is involved in
inflammation regulation, the adrenocorticotropic hormone (ACTH) [19,
20]. Prolonged exposure to ACTH is sometimes used to produce a
depressive phenotype in experimental animal models [21]. However,
depression, and suicidal ideation, although tightly linked, are not the
same thing [22]. To date, research on ACTH in patients with STB is scant
and inconsistent [23-25]. One potential explanation for the inconsistent
findings is the heterogeneity of suicidal ideation, which can range from
passive thoughts about death to active planning and preparation for
suicide [26]. Different levels of suicidal ideation may be associated with
different patterns of HPA axis dysregulation [27]. Therefore, examining
the relationship between ACTH and suicidal ideation across different
levels of severity may provide a better understanding of the neurobio-
logical basis of suicidal ideation. Given the previously described

differences in immune-inflammatory and HPA dysregulation markers
between suicide attempters and depressed and non-depressed controls,
looking into associations with suicidal ideation and its severity in these
three groups might help to understand the condition-specific and global
differences.

Identifying biomarkers of suicidal ideation could help in the early
identification and prevention of suicidal behaviours and suicide. Pre-
vious studies have identified several potential biomarkers of suicidal
ideation, including cortisol, inflammatory markers, and neurotrophic
factors [28,29]. However, most of these studies have focused on steroids
like cortisol, immune-inflammatory proteins and blood cells [10,30], so
the potential role of other biomarkers, such as peptides like ACTH, re-
mains unclear. Examining the relationship between ACTH and other
potential biomarkers of suicidal ideation may provide a more compre-
hensive understanding of the neurobiology of the HPA axis and its in-
fluence on suicidal ideation. Therefore, this study aimed to investigate
the association between peripheral ACTH, cortisol, inflammatory cyto-
kine and other biomarker levels and suicidal ideation in patients with
major depression disorder (MDD), and patients with a recent suicide
attempt, in comparison to healthy controls.

2. Methods
2.1. Study participants

The study is a case-control observational multi-centric study con-
ducted in three major hospitals in Vilnius City, Lithuania, between June
2020 and June 2021. The study recruited a total of 156 individuals into
three groups of equal size: suicide attempters, individuals with a MDD
without a history of a suicide attempt, and non-psychiatric controls
(volunteers currently not suffering from any mental disorder). The
rationale for including people with MDD and also suicide attempters was
that suicidal ideation can be conceptualized as a symptom of a major
depressive episode, for which it is a diagnostic criterion, and as part of a
separate clinical phenomenon of STB with its own risk factors, pro-
gression and onset, since not all individuals who die by suicide are
depressed and vice versa. Inclusion criteria comprised of being an adult
and having the capacity to give informed consent, while exclusion
criteria included currently suffering from a drug-induced mental illness,
from a severe somatic illness requiring intensive treatment, not under-
standing the national language, being deprived of liberty or having
reduced legal capacity, and being unable to understand and sign the
informed consent form.

The study was approved by the Vilnius Regional Biomedical
Research Ethics Committee of Lithuania (N0.2020/9-1266-747), and all
procedures were in accordance with the Helsinki Declaration and its
later amendments.

2.2. Patient assessment

Patients with MDD and healthy controls were screened for past SA,
but not past SI. Suicide attempters were not screened for psychiatric
disorders, as they were recruited in a General Hospital Emergency
Department by its personnel, and did not undergo a throughout psy-
chiatric evaluation. The information about antidepressant use was
collected in all groups. To measure depression severity, we used the
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Hamilton Depression Rating Scale (HDRS-17) [31], which is a 17-item
interviewer-administered measure of depressive symptom severity
over the past week. The Beck Scale for Suicide Ideation/Suicide Severity
Index (BSS/SSI) [32], which is a 19-item self-report instrument for
detecting and measuring the intensity of attitudes, behaviours, and plans
to attempt suicide over the past week, was used to measure SI severity.
The study also collected information about alcohol use, smoking status,
and sociodemographic variables including the length of education, in-
come, and relationship status. Given that suicide attempters often un-
derreport alcohol use [33], plasma phosphatidylethanol (PEth) level
was used to measure alcohol exposure.

2.3. Biological analytes

To measure immune-inflammatory and stress response system-
related markers, fasting blood samples were taken in all individuals in
the morning in endotoxin-free 3.8 % sodium citrate tubes (Vacutainer®,
Becton-Dickinson) within 24 h after the initial evaluation. We measured
plasma levels of HPA markers ACTH, cortisol, immune-inflammatory
markers IL-6, TNF-alpha, CRP, and steroid hormone DHEA, which en-
hances immunity and has anti-glucocorticoid effects [34].

2.4. Statistical analysis

The raw data was initially examined through a series of tests to
confirm its normal distribution, identify any anomalies or errors, and
verify its credibility. The Shapiro-Wilk and Levene’s tests were used to
assess the normality and homogeneity of the continuous data. Since data
showed a non-Gaussian, distribution, non-parametric analysis methods
were used to compare the distribution of continuous variables between
the groups: Kruskal Wallis H test was used to compare the three groups
and the chi-square test was used to calculate the difference between
groups where variables were nominal. Kendall partial rank correlation
was used for correlation analyses.

To examine the association between biomarkers and suicidal
behaviour, multiple multivariate regression models were run and then
adjusted for significant confounders. The following confounders were
included in the analyses: age, sex, BMI, smoking status, plasma Peth
concentrations, education status, antidepressant use, and plasma CRP
levels. Residuals in regression models were checked and probability
plots were visually examined. The Variance Inflation Factor (VIF) sta-
tistic was used to check for the presence or absence of collinearity. The
significance level was set at a two-sided p-value of 0.05, obtained with
2000 sample bootstrapping. All analyses were performed using the
Statistical Package for the Social Sciences (SPSS) software, version 28.

3. Results

The sample consisted of 156 individuals (females = 108, 69 %),
among which 51 had a recent SA, 52 had a MDD without a history of SA
(103 patients in total), and 53 were non-psychiatric controls.

Significant differences between the suicide attempters, patients with
MDD and controls were detected in the following variables: age, edu-
cation, antidepressant use, DHEA levels, income, diastolic blood pres-
sure, heart rate, HAM-D total score, SSI total score, history of past
episode of depression, SA history, family history of depression, current
smoking, plasma CRP levels, plasma TNF-alpha levels, and self-reported
alcohol use.

3.1. Biomarker concentration analysis

TNF-alpha levels were significantly lower in the suicide attempt
group (4.18 + 2.30, than in the depression group (5.33 + 2.06) and
control group 4.72 £ 2.25 (p < 0.001). They were able to predict sui-
cidal ideation in the linear regression model, but in an inverse direction
— higher TNFalpha was predictive of lower suicidal ideation.
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With IL6, we have found a classical relationship, that higher levels of
IL6 were observed in suicide attempt patients (6.56 + 6.90), depression
group (4.43 + 3.39) vs 3.46 + 1.28 in controls, however, the signifi-
cance level was not achieved (p = 0.34).

CRP levels were much higher both in suicide attempters (12.48 +
28.42) and the depression group (2.98 + 4.03) vs. (1.41 + 2.36) in
controls (p < 0.001).

ACTH levels were significantly different between groups — 28.14 +
15.89 in the depression group, 21.13 + 16.85 in the suicide attempt
group and 24.12 + 14.76 in the control group (p = 0.023).

Cortisol levels were not significantly different between the three
groups —403.95 + 111.77 in the depression group, 351.08 in the suicide
attempt group, and 384.19 in the control group (p = 0.122). DHEA
levels were lower in both depression (6.45 + 3.26) and suicide attempt
groups (6.60 + 5.30) than in controls (7.82 + 4.00), but the difference
was not statistically significant (p = 0.066).

See comparisons in Table 1. (See Figs. 1, 2 and 3)

Since the MDD and suicide attempters’ groups were comparable for
many variables, they were combined for post-hoc analyses looking at
differences between patients (attempters or MDD) versus controls (see
Supplemental Table 1).

3.2. Correlation between peripheral blood biomarker concentrations
ACTH and SSI

In the total sample, there was a positive association between ACTH
and TNF-alpha (tau = 0.146, p = 0.029), cortisol (tau = 0.363, p <
0.001), and DHEA (tau = 0.138, p = 0.020). Regarding associations with
SIseverity, we found a negative correlation between ACTH and SSI total
score (tau = —0.130, p = 0.033). SSI score was negatively correlated
with TNF-alpha (tau = —0.231; p < 0.001), positively correlated with IL-
6 (tau = 0.154, p = 0.015), and CRP levels (tau = 0.153, p = 0.015). In
the total sample, plasma ACTH concentration did not correlate with
depression severity (tau = 0.022, p = 0.711).

Correlation analysis stratified in three groups showed that ACTH was
correlated negatively with SSI total score in the MDD group (tau =
—0.237, p = 0.031), but not in suicide attempters (tau = —0.077, p =
0.485) or controls (tau = —0.038, p = 0.729). There were no correlations
between SSI, TNF-alpha, and CRP levels in neither group in group-
stratified analyses, but IL6 was positively correlated with SSI in the
depression group (tau = 0.229, p = 0.039). In the patient group
combining MDD and suicide attempters, ACTH concentration correlated
negatively with SSI score (tau = —0.215, p = 0.005). Group-stratified
analyses did not find associations between biomarker levels and
depression severity in any of the groups.

In the analysis additionally adjusted for depression severity, ACTH
remained associated with SI severity in the MDD group (F = 5.58, p =
0.023), and in a combined patient group (F = 5.68, p =0.019), but not in
control and SA groups.

3.3. Multivariate regression analyses

Lastly, multivariate linear regression models were performed. Given
that ACTH emerged as the biomarker associated with SI severity, further
multivariate analyses the robustness of this association after confounder
adjustment. In the analysis adjusted for age, sex, BMI, education,
smoking status, CRP, PEth concentration (a measure of alcohol expo-
sure), and antidepressant use, ACTH concentration remained negatively
associated with SSI score (t = —2.44, p = 0.019) in the patient group,
while it was not the case in the control group (t = 0.36, p = 0.021). It
also remained associated with SSI score in the MDD group (t = —2.71, p
= 0.011), but not in suicide attempters (t = —0.37, p = 0.721) group.

In a subsequent regression model additionally adjusted for depres-
sion severity, plasma ACHT levels were still associated with SSI score in
the combined patient group (t = —2.40, p = 0.021) and MDD group (t =
—2.99, p = 0.006), but not in suicide attempters (t = —0.63, p = 0.551),
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Table 1
Sample description.
Variable Mean or SD if % Mean or SD if % Mean or SD if % df KWH P (kwh/
Depression Suicide Control group chi?)
Group attempters
Group
SOCIODEMOGRAPHIC DATA
Sex, female % 75 % 66 % 66 % 2 1.216 0.545
Age, years 39.75 13.24 41.63 19.81 33.49 12.77 2 5.773  0.056
Education, years 15.1 3.21 12.60 2.43 18.80 2.66 2 64.13  <0.001
In a relationship 36.5 % 42.9 % 53.8 % 2 3.18 0.202
Net income, EUR per month 1018.18 757.96 851.72 723.64 2195.63 1328.37 2 39.76 <0.001
Smoking status, current smoker 42.3 % 38.8% 5.8 % 2 20.34  <0.001
Self-reported alcohol use 60.8 % 52.8 % 79.2 % 2 7.48 0.024
Objective alcohol use (Peth) 58.87 135.61  233.23 393.60 25.67 70.43 2 12.23  0.002
Discordance between self-report and actual 0% 15.7 % 9.4 % 2 8.37 0.015
use
BMI 26.00 6.39 24.09 4.39 23.64 5.18 2 2.82 0.244
Systolic blood pressure 122.54 14.64 127.57 15.88 121.88 14.77 2 3.95 0.140
Diastolic blood pressure 79.90 9.64 80.70 76.76 10.19 2 4.48 0.110
Heart rate per minute 78.37 9.99 84.37 14.39 70.19 7.70 2 27.83 <0.001
CLINICAL DATA
Recent Stressful events 46 % 39 % 0% 2 1.22 0.550
History of depression 75 % 61 % 4% 2 59.72  <0.001
History of suicide attempt 19 % 55 % 0% 2 43.35  <0.001
Family history of depression 46 % 25 % 17 % 2 11.25 0.004
Family history of suicide attempt 27 % 8 % 8 % 2 10.52  0.005
Antidepressant use 96 % 59 % . 0 % . 2 98.23  <0.001
HAM-D score 19.72 5.14 16.25 5.23 3.81 4.37 2 96.49  <0.001
SSI score 4.81 6.40 9.92 6.73 0.81 2.24 2 73.53  <0.001
BIOLOGICAL MARKERS
ACTH 28.14 15.89 21.13 16.85 24.12 14.76 2 7.59 0.023
Cortisol 403.96 111.77  351.08 13454  384.19 129.04 2 4.21 0.122
DHEA 6.45 3.26 6.59 5.29 7.82 4.00 2 5.45 0.066
CRP 2.98 4.03 12.48 28.42 1.41 2.36 2 14.61 <0.001
IL-6 4.43 3.39 6.56 6.90 3.45 1.28 2 2.17 0.34
TNF-alpha 5.33 2.06 4.18 2.30 6.59 3.14 2 17.22  <0.001

Abbreviations: ACTH, adrenocorticotropic hormone; BMI, body mass index; CRP, C-reactive protein; DHEA, dehydroepiandrosterone; HAM-D — Hamilton depression
rating scale; IL-6 — interleukin-6; PEth — phosphatidylethanol; SA, suicide attempt; SSI, suicide severity index; TNF-alpha, tumor necrosis factor-Alpha Tests used — Chi2

and Kruskal Wallis H, p values are two sided.
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Fig. 1. Correlation between SSI score and plasma ACTH levels in major
depressive disorder group.

or healthy controls (t = —0.99, p = 0.327). See Table 2 for further
details.

Lastly, a linear regression model was performed where all the sig-
nificant variables from Table 1 were entered as covariates. ACTH

Suicide attempter group
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Fig. 2. Correlation between SSI score and plasma ACTH levels in suicide
attempter group.

remained statistically significantly associated with SSI score in the
combined patient group (t = —2.41, p = 0.026), and the MDD group (t =
—2.79, p = 0.016), but not suicide attempters’ and control groups.



R. Strumila et al.

Control group
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Fig. 3. Correlation between SSI score and plasma ACTH levels in control group.
4. Discussion

In this study, we studied associations of peripheral concentrations of
selected stress-response and immune-inflammation system markers with
suicidal ideation in recent suicide attempters, patients with MDD, and
healthy controls. We report an association between plasma ACTH levels
and the severity of SI in patients with MDD, but not in recent suicide
attempters, which included patients irrelevant to their mental health
disorders, or healthy controls. This association was robust to adjustment
for possible confounders, including antidepressant use and current
depression severity.

HPA axis impairment link to STB is a topic of wide attention. How-
ever, data on the ACTH is lacking, as compared to a better-researcher
cortisol [35,36]. A few studies on ACTH in psychiatric populations are
older than ten years, and there is a dearth of new research [37,38]. Some
studies reported a connection between ACTH and SI [39,40], while
others found no strong associations (B. [41,42]). Indirect evidence
supporting the interest of ACTH in STB comes from the fact that lithium,
the best-known agent associated with decreased risk of suicidal behav-
iours, increases ACTH response to dexamethasone-suppressed CRH test
[43,44].

Inflammation has gained increasing traction in psychiatric research
and has been proposed to be associated with STB, among other psy-
chiatric symptoms and phenomena [45,46]. Some experts have pro-
posed to investigate systemic anti-inflammatory therapies working on
the HPA axis to treat mental health conditions [47]. Cortisol is one of the
most potent anti-inflammatory agents known, and synthetic drugs
mimicking cortisol are used widely to treat inflammatory conditions in

Comprehensive Psychoneuroendocrinology 19 (2024) 100235

other areas of medicine. However, the use of these types of medications,
like prednisolone, in psychiatry is problematic due to their side effects
like psychosis risk, aggravation of depression, and metabolic side effects.
Cortisol itself has been associated with an increased risk of STB in
numerous studies, although whether this is a direct effect or this is a
marker of broad dysregulation is not clear [15,48-50]. Our finding
about ACTH proposes an interesting alternative. Chronic stress down-
regulates ACTH production due to the feedback loop, and, as a conse-
quence, people then have diminished cortisol response due to acute
stressful situations.

Even less studied is the DHEA, although some studies found re-
lationships between DHEA levels and depression [51,52]. While we
found that DHEA levels were lower in psychiatric patients than controls
with no differences between MDD patients and suicide attempters, it was
not associated with SI severity. A recent meta-analysis found that DHEA
was related to SA history [53]. For instance, a study on US veterans
found a significant relationship between DHEA levels and STB [54],
although the veteran population is specific due to the fact of a high
prevalence of PTSD which distorts the HPA axis [55]. Another study
found that DHEAS levels were higher in male, but not female, suicide
attempters, compared to healthy volunteers [56]. On the other hand, a
longitudinal study found no effects between androgens and suicidality
[57]. These ambivalent results indicate that more research is necessary
on the role of DHEA and its peripheral concentrations in STB. Our
finding, that DHEA was the only steroid molecule higher in the control
group than in the patient group further complicates our understanding
of DHEA's role in STB.

When looking at the concentration analyses of immune-
inflammatory biomarkers we found some interesting results. First, we
found that CRP and IL-6 were the highest in suicide attempters, followed
by MDD patients and controls, corresponding to the increasing literature
suggesting increased levels of both of these molecules in people with
STB [45,46,58,59]. While we did not find associations between levels of
these markers with SI, the literature suggests that associations with SA
seem to be more robust than with SI for these markers [6,10].

We found that TNF-alpha was negatively correlated with SI severity.
Notably, TNF-alpha has both pro-inflammatory and anti-inflammatory
effects [60-62], and its role in mental health is still somewhat contro-
versial. Some previous studies have described a positive relationship
between TNF-alpha and depression [63,64]. In addition, TNF-alpha
polymorphisms have been associated with an earlier age of first SA in
individuals with schizophrenia [65] and with SA in depressed patients
(Y. K [74]). However, a cumulative meta-analysis that investigated cy-
tokines in patients with MDD found a clear signal for CRP, and IL-6, but
an uncertain effect of TNF-alpha due to significant heterogeneity in
study-specific estimates and inconsistencies between subgroups [66].
Another study that investigated associations of three major physiolog-
ical stress systems with SI found clear associations with IL-6 and CRP,
but not TNF-alpha [46]. Recent studies and data syntheses found no
associations between plasma concentrations of TNF-alpha and STB in

Table 2

Association between plasma ACTH levels and suicidal ideation severity: multivariate linear regression.
Study group Model 1 Model 2 Model 3

Standardized beta T P Standardized beta T P Standardized beta T P

Total sample —0.69 -1.95 0.053 —0.06 -1.68 0.097 —0.08 —2.36 0.021*
MDD group —-0.14 —2.23 0.031* —-0.17 —-2.71 0.011* —0.18 —-2.99 0.006*
SA group —0.033 —0.50 0.618 —0.08 —0.37 0.721 —0.09 —0.63 0.551
Combined patient group —0.109 —2.40 0.019* —0.16 —2.44 0.019* —0.195 —2.40 0.021*
Control group 0.02 0.109 0.913 0.009 0.36 0.721 —0.16 —0.99 0.327

Model 1: crude associations.

Model 2: adjusted for age, sex, education years, body mass index, smoking status, plasma CRP concentration, plasma PEth concentration (measuring chronic alcohol

exposure), and antidepressant use.
Model 3: model 1 additionally adjusted for depression severity.
*p < 0.05, two-sided.
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people with depression [10,67].

Divergent results for TNF alpha in suicidal behaviour were reported
by another major study [68]. These findings suggest that the relation-
ship between TNF alpha and suicidality may be complex and warrant
further investigation. Also, the fact that some patients were using anti-
depressants can confound the situation as well. Lastly, another
intriguing hypothesis is that past studies found a positive relationship
between TNF-alpha levels and depression, but not suicidal ideation, the
same as we have found in this study with ACTH. This further solidifies
the view that depression and suicidality, although related, are somewhat
distinct processes molecularly.

We found a positive association between antidepressant use and SI
severity. However, one should not make a false assumption that anti-
depressants increase it, but rather that this is confounding by indication
because people with suicidal ideation are treated with antidepressants.
Rigorous studies investigating antidepressant use and suicidality did not
find any negative influence after adjusting for underlying disease [69,
70]. Antidepressants when used long-term are useful treatments for
mental health conditions like suicidal ideation [71], even though they
do not work directly on the HPA axis. However, they do affect it by
indirect mechanism, most likely through the monoamine system [72,73,
74]. For example, imipramine was shown to normalise ACTH in
depressive and anxiety behaviour studies [75]. However, other studies
criticise current antidepressants for not working directly on the HPA
axis. A meta-analysis of 39 studies found that the more marked
depressed patients’ alterations in the HPA axis, the less efficacious the
antidepressants [76].

The association between lower ACTH levels and SI severity in MDD
(but not in recent suicide attempters) might help to elucidate the
pathophysiology of SI in people suffering from SI but not attempting
suicide from those who attempt suicide. Interestingly ACTH levels were
higher in MDD patients compared to suicide attempters and were
negatively associated with SI in MDD, suggesting that higher ACTH
levels might be protective against STB at least in some patients. While
further studies should aim to replicate these findings, our findings sug-
gest that low ACTH might be implicated in STB. In the future, in-
terventions targeting ACTH levels should be explored in people at risk of
STB. On the other hand, morning plasma ACTH concentration might
become a biomarker of SI severity, potentially helping to detect people
in need of more intense care, as well as showing an objective marker for
patients needing psychoeducation regarding the need for medical or
psychological interventions.

5. Strengths and limitations

This study has several notable strengths and limitations. The three-
group approach allowed us to disentangle associations between SI and
biological markers in different patient and non-patient groups, allowing
us to detect an MDD-specific association. For the study purposes, we
employed consistent procedures and clinical interviews with the same
methodology and rigour across all sites, ensuring data quality and
consistency. However, to capture recent suicide attempters, we
recruited suicide attempters in a general hospital, and study in-
vestigators were trained to administer only depression and suicide
severity scales, but not to make psychiatric diagnoses. This meant that
the patients did not undergo an extended psychiatric evaluation, and
psychiatric comorbidities and precise diagnoses could not be assessed.
The sample size was limited, which may affect the generalizability of the
findings. Although we made efforts to ensure data quality and consis-
tency, the observational nature of the study means that no causal re-
lationships can be drawn. Furthermore, we relied on self-reported
sociodemographic and clinical data, which may be subject to response
bias. The lack of ethnic diversity and non-inclusion of minors in the
sample is another limitation that should be noted.
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6. Conclusions

In conclusion, higher plasma levels of ACTH were associated with
lower levels of SI in patients with MDD, but not in recent suicide
attempters or healthy controls. This association remained significant
even when controlling for antidepressant use and depression severity.
These findings further reinforce the importance of the HPA axis and,
notably, ACTH on SI in patients with MDD and prompt further research
of potential antidepressants that would work on the HPA axis directly.
While this study provides insights into the relationship between ACTH
and psychiatric psychopathology, caution should be exercised when
interpreting the results due to the study’s limitations, and the results
need to be replicated in well-designed larger samples, ideally with a
longitudinal approach.

Statements and declarations
The authors have nothing to state or declare.
Role of the funding source

The work was partly funded by the Faculty of Medicine, Vilnius
University.

CRediT authorship contribution statement

Robertas Strumila: Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Project administration, Writing —
original draft, Writing — review & editing. Aiste Lengvenyte: Concep-
tualization, Data curation, Project administration, Supervision, Valida-
tion, Visualization, Writing — review & editing. Linas Zdanavicius:
Methodology. Robertas Badaras: Conceptualization, Data curation.
Edgaras Dlugauskas: Conceptualization, Data curation, Methodology.
Sigita Lesinskiene: Funding acquisition, Resources, Supervision.
Eimantas Matiekus: Data curation, Project administration. Martynas
Marcinkevicius: Conceptualization, Funding acquisition, Project
administration, Resources. Lina Venceviciene: Data curation, Investi-
gation. Algirdas Utkus: Conceptualization, Project administration, Re-
sources, Supervision. Andrius Kaminskas: Investigation, Software.
Tomas Petrenas: Investigation, Software. Jurgita Songailiene:
Conceptualization, Data curation, Investigation, Supervision. Dalius
Vitkus: Investigation, Software. Laima Ambrozaityte: Conceptualiza-
tion, Methodology, Project administration, Supervision, Validation.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors want to thank the participants and healthcare personnel
who provided services to patients.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.cpnec.2024.100235.

References

[1] N. Cantor, M. Kingsbury, E. Warner, H. Landry, Z. Clayborne, R. Islam, I. Colman,
Young adult Outcomes associated with adolescent suicidality: a meta-analysis,
Pediatrics 151 (2023), https://doi.org/10.1542/peds.2022-058113.

[2] H. Galfalvy, A. Sziics, Y.-W. Chang, M. Buerke, K. Szanto, Long-term suicidal
ideation profiles in late-life depression and their association with suicide attempt


https://doi.org/10.1016/j.cpnec.2024.100235
https://doi.org/10.1016/j.cpnec.2024.100235
https://doi.org/10.1542/peds.2022-058113

R. Strumila et al.

[3]

[4

=

[5]

[6]

[7]

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

[23]

or death by suicide, J. Clin. Psychiatry 84 (2023), https://doi.org/10.4088/
JCP.22m14469.

AK.S. Knudsen, K. Stene-Larsen, K. Gustavson, M. Hotopf, R.C. Kessler,

S. Krokstad, J.C. Skogen, S. @verland, A. Reneflot, Prevalence of mental disorders,
suicidal ideation and suicides in the general population before and during the
COVID-19 pandemic in Norway: a population-based repeated cross-sectional
analysis, Lancet Reg. Heal. - Eur. 4 (2021) 100071, https://doi.org/10.1016/j.
lanepe.2021.100071.

I. Berardelli, G. Serafini, N. Cortese, F. Fiasche, R.C. O’Connor, M. Pompili, The
involvement of hypothalamus-pituitary—adrenal (HPA) Axis in suicide risk, Brain
Sci. 10 (2020) 653, https://doi.org/10.3390/brainscil0090653.

N.M. Melhem, S. Munroe, A. Marsland, K. Gray, D. Brent, G. Porta, A. Douaihy, M.
L. Laudenslager, F. DePietro, R. Diler, H. Driscoll, P. Gopalan, Blunted HPA axis
activity prior to suicide attempt and increased inflammation in attempters,
Psychoneuroendocrinology 77 (2017) 284-294, https://doi.org/10.1016/j.
psyneuen.2017.01.001.

A. Vasupanrajit, K. Jirakran, C. Tunvirachaisakul, M. Solmi, M. Maes,
Inflammation and nitro-oxidative stress in current suicidal attempts and current
suicidal ideation: a systematic review and meta-analysis, Mol. Psychiatr. 27 (2022)
1350-1361, https://doi.org/10.1038/541380-021-01407-4.

T.M. O’CONNOR, The stress response and the hypothalamic-pituitary-adrenal axis:
from molecule to melancholia, QJM 93 (2000) 323-333, https://doi.org/10.1093/
qjmed/93.6.323.

C. Black, B.J. Miller, Meta-analysis of cytokines and chemokines in suicidality:
distinguishing suicidal versus nonsuicidal patients, Biol. Psychiatr. 78 (2015)
28-37, https://doi.org/10.1016/j.biopsych.2014.10.014.

D. Ducasse, E. Olié, S. Guillaume, S. Artéro, P. Courtet, A meta-analysis of
cytokines in suicidal behavior, Brain Behav. Immun. 46 (2015) 203-211, https://
doi.org/10.1016/j.bbi.2015.02.004.

A. Lengvenyte, R. Belzeaux, E. Olié, H. Hamzeh-Cognasse, M. Séneque, R. Strumila,
F. Cognasse, P. Courtet, Associations of potential plasma biomarkers with suicide
attempt history, current suicidal ideation and subsequent suicidal events in
patients with depression: a discovery study, Brain Behav. Immun. 114 (2023)
242-254, https://doi.org/10.1016/].bbi.2023.08.025.

J.J. Mann, V.A. Arango, S. Avenevoli, D.A. Brent, F.A. Champagne, P. Clayton,
D. Currier, D.M. Dougherty, F. Haghighi, S.E. Hodge, J. Kleinman, T. Lehner,

F. McMahon, E.K. Moscicki, M.A. Oquendo, G.N. Pandey, J. Pearson, B. Stanley,
J. Terwilliger, A. Wenzel, Candidate endophenotypes for genetic studies of suicidal
behavior, Biol. Psychiatr. 65 (2009) 556-563, https://doi.org/10.1016/j.
biopsych.2008.11.021.

N.M. Melhem, Y. Zhong, J.M. Miller, F. Zanderigo, R.T. Ogden, M.E. Sublette,

M. Newell, A. Burke, J.G. Keilp, M. Lesanpezeshki, E. Bartlett, D.A. Brent, J.

J. Mann, Brain 5-HT1A receptor PET binding, cortisol responses to stress, and the
familial transmission of suicidal behavior, Int. J. Neuropsychopharmacol. 25
(2022) 36-45, https://doi.org/10.1093/ijnp/pyab060.

N.M. Melhem, J.G. Keilp, G. Porta, M.A. Oquendo, A. Burke, B. Stanley, T.

B. Cooper, J.J. Mann, D.A. Brent, Blunted HPA Axis activity in suicide attempters
compared to those at high risk for suicidal behavior, Neuropsychopharmacology 41
(2016) 1447-1456, https://doi.org/10.1038/npp.2015.309.

C.M. Pariante, Why are depressed patients inflamed? A reflection on 20 years of
research on depression, glucocorticoid resistance and inflammation, Eur.
Neuropsychopharmacol 27 (2017) 554-559, https://doi.org/10.1016/].
euroneuro.2017.04.001.

A. Lengvenyte, 1. Conejero, P. Courtet, E. Olié, Biological bases of suicidal
behaviours: a narrative review, Eur. J. Neurosci. 53 (2021) 330-351, https://doi.
org/10.1111/ejn.14635.

D.B. Fekedulegn, M.E. Andrew, C.M. Burchfiel, J.M. Violanti, T.A. Hartley, L.

E. Charles, D.B. Miller, Area under the curve and other summary indicators of
repeated waking cortisol measurements, Psychosom. Med. 69 (2007) 651-659,
https://doi.org/10.1097/PSY.0b013e31814c405c.

A. Harris, S. Endresen Reme, T. Tangen, AM. Hansen, A. Helene Garde, H.

R. Eriksen, Diurnal cortisol rhythm: associated with anxiety and depression, or just
an indication of lack of energy? Psychiatr. Res. 228 (2015) 209-215, https://doi.
0rg/10.1016/j.psychres.2015.04.006.

J.J. Joseph, S.H. Golden, Cortisol dysregulation: the bidirectional link between
stress, depression, and type 2 diabetes mellitus, Ann. N. Y. Acad. Sci. 1391 (2017)
20-34, https://doi.org/10.1111/nyas.13217.

R. BERNARDINI, T.C. KAMILARIS, A.E. CALOGERO, E.O. JOHNSON, M.T. GOMEZ,
P.W. GOLD, G.P. CHROUSOS, Interactions between tumor necrosis factor-a,
hypothalamic corticotropin-releasing hormone, and adrenocorticotropin secretion
in the rat, Endocrinology 126 (1990) 28762881, https://doi.org/10.1210/endo-
126-6-2876.

S.L. Lightman, M.T. Birnie, B.L. Conway-Campbell, Dynamics of ACTH and cortisol
secretion and implications for disease, Endocr. Rev. 41 (2020), https://doi.org/
10.1210/endrev/bnaa002.

J. Song, W. Ma, X. Gu, L. Zhao, J. Jiang, Y. Xu, L. Zhang, M. Zhou, L. Yang,
Metabolomic signatures and microbial community profiling of depressive rat
model induced by adrenocorticotrophic hormone, J. Transl. Med. 17 (2019) 224,
https://doi.org/10.1186/s12967-019-1970-8.

J. Joo, S. Hwang, J.J. Gallo, Death ideation and suicidal ideation in a community
sample who do not meet criteria for major depression, Crisis 37 (2016) 161-165,
https://doi.org/10.1027/0227-5910/a000365.

K.W. Choi, E.J. Na, M. Fava, D. Mischoulon, H. Cho, H.J. Jeon, Increased
adrenocorticotropic hormone (ACTH) levels predict severity of depression after six
months of follow-up in outpatients with major depressive disorder, Psychiatr. Res.
270 (2018) 246-252, https://doi.org/10.1016/j.psychres.2018.09.047.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Comprehensive Psychoneuroendocrinology 19 (2024) 100235

J. Herranz-Herrer, E. Gil-Benito, T. Ponte-Lopez, S. Ortega-Gutiérrez, J. Macicior,
S. Rosado-Garcia, A.J. Sanchez-Lopez, H. Blasco-Fontecilla, Serum
endocannabinoid levels in suicide attempters: a pilot study, Eur.
Neuropsychopharmacol 40 (2020) 52-60, https://doi.org/10.1016/j.
euroneuro.2020.09.005.

L. Sher, T.B. Cooper, J. Mann, M.A. Oquendo, Modified dexamethasone
suppression-corticotropin-releasing hormone stimulation test: a pilot study of
young healthy volunteers and implications for alcoholism research in adolescents
and young adults, Int. J. Adolesc. Med. Health 18 (2006), https://doi.org/
10.1515/1JAMH.2006.18.1.133.

H.M. Wastler, A.O. Bryan, C.J. Bryan, Suicide attempts among adults denying
active suicidal ideation: an examination of the relationship between suicidal
thought content and suicidal behavior, J. Clin. Psychol. 78 (2022) 1103-1117,
https://doi.org/10.1002/jclp.23268.

M.M. Rizk, H. Galfalvy, T. Singh, J.G. Keilp, M.E. Sublette, M.A. Oquendo, J.

J. Mann, B. Stanley, Toward subtyping of suicidality: brief suicidal ideation is
associated with greater stress response, J. Affect. Disord. 230 (2018) 87-92,
https://doi.org/10.1016/j.jad.2018.01.012.

M. Lozupone, R. Donghia, R. Sardone, A. Mollica, G. Berardino, L. Lampignano,
C. Griseta, R. Zupo, F. Castellana, I. Bortone, V. Dibello, E. Resta, R. Stallone,

D. Seripa, A. Daniele, V. Solfrizzi, M. Altamura, A. Bellomo, F. Panza,
Apolipoprotein E genotype, inflammatory biomarkers, and non-psychiatric
multimorbidity contribute to the suicidal ideation phenotype in older age. The
Salus in Apulia Study, J. Affect. Disord. 319 (2022) 202-212, https://doi.org/
10.1016/j.jad.2022.09.046.

1. Moxon-Emre, P.E. Croarkin, Z.J. Daskalakis, D.M. Blumberger, R.E. Lyon,

H. Tani, P. Truong, M.-C. Lai, P. Desarkar, N. Sailasuta, P. Szatmari, S.H. Ameis,
NAA/Glu ratio associated with suicidal ideation in pilot sample of autistic youth
and young adults, Brain Sci. 12 (2022) 785, https://doi.org/10.3390/
brainscil2060785.

M. Amitai, S. Kaffman, E. Kroizer, M. Lebow, I. Magen, N. Benaroya-Milshtein,
S. Fennig, A. Weizman, A. Apter, A. Chen, Neutrophil to-lymphocyte and platelet-
to-lymphocyte ratios as biomarkers for suicidal behavior in children and
adolescents with depression or anxiety treated with selective serotonin reuptake
inhibitors, Brain Behav. Immun. 104 (2022) 31-38, https://doi.org/10.1016/j.
bbi.2022.04.018.

M. Hamilton, A rating scale for depression, J. Neurol. Neurosurg. Psychiatry 23
(1960) 56-62, https://doi.org/10.1136/jnnp.23.1.56.

A.T. Beck, G.K. Brown, R.A. Steer, Psychometric characteristics of the scale for
suicide ideation with psychiatric outpatients, Behav. Res. Ther. 35 (1997)
1039-1046, https://doi.org/10.1016/50005-7967(97)00073-9.

R. Strumila, A. Lengvenyte, L. Zdanavicius, R. Badaras, E. Dlugauskas,

S. Lesinskiene, E. Matiekus, M. Marcinkevicius, L. Venceviciene, A. Utkus,

A. Kaminskas, T. Petrenas, J. Songailiene, L. Ambrozaityte, Significantly elevated
phosphatidylethanol levels in recent suicide attempters, but not in depressed
controls and healthy volunteers, J. Psychiatr. Res. 158 (2023) 245-254, https://
doi.org/10.1016/j.jpsychires.2022.12.043.

M.E. Bauer, Stress, glucocorticoids and ageing of the immune system, Stress 8
(2005) 69-83, https://doi.org/10.1080/10253890500100240.

A. Messaoud, R. Mensi, W. Douki, F. Neffati, M.F. Najjar, G. Gobbi, F. Valtorta,
L. Gaha, S. Comai, Reduced peripheral availability of tryptophan and increased
activation of the kynurenine pathway and cortisol correlate with major depression
and suicide, World J. Biol. Psychiatr. 20 (2019) 703-711, https://doi.org/
10.1080/15622975.2018.1468031.

D.B. O’Connor, D. Branley-Bell, J.A. Green, E. Ferguson, R.E. O’Carroll, R.

C. O’Connor, Resilience and vulnerability factors influence the cortisol awakening
response in individuals vulnerable to suicide, J. Psychiatr. Res. 142 (2021)
312-320, https://doi.org/10.1016/j.jpsychires.2021.08.006.

J.D. Amsterdam, G. Maislin, M. Droba, A. Winokur, The ACTH stimulation test
before and after clinical recovery from depression, Psychiatr. Res. 20 (1987)
325-336, https://doi.org/10.1016/0165-1781(87)90094-1.

R.G. Kathol, R.S. Jaeckle, J.F. Lopez, W.H. Meller, Consistent reduction of ACTH
responses to stimulation with CRH, vasopressin and hypoglycaemia in patients
with major depression, Br. J. Psychiatry 155 (1989) 468-478, https://doi.org/
10.1192/bjp.155.4.468.

J.M. Hennings, M. Ising, M. Uhr, F. Holsboer, S. Lucae, Effects of weariness of life,
suicide ideations and suicide attempt on HPA axis regulation in depression,
Psychoneuroendocrinology 131 (2021) 105286, https://doi.org/10.1016/j.
psyneuen.2021.105286.

A. Pfennig, H.E. Kunzel, N. Kern, M. Ising, M. Majer, B. Fuchs, G. Ernst,

F. Holsboer, E.B. Binder, Hypothalamus-pituitary-adrenal system regulation and
suicidal behavior in depression, Biol. Psychiatr. 57 (2005) 336-342, https://doi.
0rg/10.1016/j.biopsych.2004.11.017.

B. Kim, E.-S. Kang, M. Fava, D. Mischoulon, D. Soskin, B.-H. Yu, D. Lee, D.-Y. Lee,
H.-D. Park, H.J. Jeon, Follicle-stimulating hormone (FSH), current suicidal ideation
and attempt in female patients with major depressive disorder, Psychiatr. Res. 210
(2013) 951-956, https://doi.org/10.1016/j.psychres.2013.08.057.

M. Maes, M. Vandewoude, C. Schotte, M. Martin, P. Blockx, S. Scharpe, P. Cosyns,
Hypothalamic-pituitary-adrenal and -thyroid axis dysfunctions and decrements in
the availability of L-tryptophan as biological markers of suicidal ideation in major
depressed females, Acta Psychiatr. Scand. 80 (1989) 13-17, https://doi.org/
10.1111/j.1600-0447.1989.tb01294.x.

T. Bschor, D. Ritter, P. Winkelmann, S. Erbe, M. Uhr, M. Ising, U. Lewitzka, Lithium
monotherapy increases ACTH and cortisol response in the dex/CRH test in unipolar
depressed subjects. A study with 30 treatment-naive patients, PLoS One 6 (2011)
e27613, https://doi.org/10.1371/journal.pone.0027613.


https://doi.org/10.4088/JCP.22m14469
https://doi.org/10.4088/JCP.22m14469
https://doi.org/10.1016/j.lanepe.2021.100071
https://doi.org/10.1016/j.lanepe.2021.100071
https://doi.org/10.3390/brainsci10090653
https://doi.org/10.1016/j.psyneuen.2017.01.001
https://doi.org/10.1016/j.psyneuen.2017.01.001
https://doi.org/10.1038/s41380-021-01407-4
https://doi.org/10.1093/qjmed/93.6.323
https://doi.org/10.1093/qjmed/93.6.323
https://doi.org/10.1016/j.biopsych.2014.10.014
https://doi.org/10.1016/j.bbi.2015.02.004
https://doi.org/10.1016/j.bbi.2015.02.004
https://doi.org/10.1016/j.bbi.2023.08.025
https://doi.org/10.1016/j.biopsych.2008.11.021
https://doi.org/10.1016/j.biopsych.2008.11.021
https://doi.org/10.1093/ijnp/pyab060
https://doi.org/10.1038/npp.2015.309
https://doi.org/10.1016/j.euroneuro.2017.04.001
https://doi.org/10.1016/j.euroneuro.2017.04.001
https://doi.org/10.1111/ejn.14635
https://doi.org/10.1111/ejn.14635
https://doi.org/10.1097/PSY.0b013e31814c405c
https://doi.org/10.1016/j.psychres.2015.04.006
https://doi.org/10.1016/j.psychres.2015.04.006
https://doi.org/10.1111/nyas.13217
https://doi.org/10.1210/endo-126-6-2876
https://doi.org/10.1210/endo-126-6-2876
https://doi.org/10.1210/endrev/bnaa002
https://doi.org/10.1210/endrev/bnaa002
https://doi.org/10.1186/s12967-019-1970-8
https://doi.org/10.1027/0227-5910/a000365
https://doi.org/10.1016/j.psychres.2018.09.047
https://doi.org/10.1016/j.euroneuro.2020.09.005
https://doi.org/10.1016/j.euroneuro.2020.09.005
https://doi.org/10.1515/IJAMH.2006.18.1.133
https://doi.org/10.1515/IJAMH.2006.18.1.133
https://doi.org/10.1002/jclp.23268
https://doi.org/10.1016/j.jad.2018.01.012
https://doi.org/10.1016/j.jad.2022.09.046
https://doi.org/10.1016/j.jad.2022.09.046
https://doi.org/10.3390/brainsci12060785
https://doi.org/10.3390/brainsci12060785
https://doi.org/10.1016/j.bbi.2022.04.018
https://doi.org/10.1016/j.bbi.2022.04.018
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1016/S0005-7967(97)00073-9
https://doi.org/10.1016/j.jpsychires.2022.12.043
https://doi.org/10.1016/j.jpsychires.2022.12.043
https://doi.org/10.1080/10253890500100240
https://doi.org/10.1080/15622975.2018.1468031
https://doi.org/10.1080/15622975.2018.1468031
https://doi.org/10.1016/j.jpsychires.2021.08.006
https://doi.org/10.1016/0165-1781(87)90094-1
https://doi.org/10.1192/bjp.155.4.468
https://doi.org/10.1192/bjp.155.4.468
https://doi.org/10.1016/j.psyneuen.2021.105286
https://doi.org/10.1016/j.psyneuen.2021.105286
https://doi.org/10.1016/j.biopsych.2004.11.017
https://doi.org/10.1016/j.biopsych.2004.11.017
https://doi.org/10.1016/j.psychres.2013.08.057
https://doi.org/10.1111/j.1600-0447.1989.tb01294.x
https://doi.org/10.1111/j.1600-0447.1989.tb01294.x
https://doi.org/10.1371/journal.pone.0027613

R. Strumila et al.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

T. Bschor, U. Lewitzka, J. Sasse, M. Adli, U. Kéberle, M. Bauer, Lithium
augmentation in treatment-resistant depression: clinical evidence, serotonergic and
endocrine mechanisms, Pharmacopsychiatry 36 (Suppl 3) (2003) S230-S234,
https://doi.org/10.1055/5-2003-45135.

C.-C. Chang, N.-S. Tzeng, Y.-C. Kao, C.-B. Yeh, H.-A. Chang, The relationships of
current suicidal ideation with inflammatory markers and heart rate variability in
unmedicated patients with major depressive disorder, Psychiatr. Res. 258 (2017)
449-456, https://doi.org/10.1016/j.psychres.2017.08.076.

J.X.M. Wiebenga, H.D. Heering, M. Eikelenboom, A.M. van Hemert, P. van Oppen,
B.W.J.H. Penninx, Associations of three major physiological stress systems with
suicidal ideation and suicide attempts in patients with a depressive and/or anxiety
disorder, Brain Behav. Immun. 102 (2022) 195-205, https://doi.org/10.1016/j.
bbi.2022.02.021.

A.H. Miller, C.L. Raison, Burning down the house: reinventing drug discovery in
psychiatry for the development of targeted therapies, Mol. Psychiatr. 28 (2023)
68-75, https://doi.org/10.1038/s41380-022-01887-y.

W. Choi, H.-J. Kang, J.-W. Kim, H.K. Kim, H.-C. Kang, J.-Y. Lee, S.-W. Kim,

R. Stewart, J.-M. Kim, Associations of serum cortisol levels, stress perception, and
stressful events with suicidal behaviors in patients with depressive disorders,

J. Affect. Disord. 297 (2022) 602-609, https://doi.org/10.1016/j.
jad.2021.10.054.

Y. Hernandez-Diaz, T.B. Gonzélez-Castro, C.A. Tovilla-Zarate, I.E. Judrez-Rojop, M.
L. Lopez-Narvéez, N. Pérez-Hernandez, J.M. Rodriguez-Pérez, A.D. Genis-Mendoza,
H. Nicolini, The role of peripheral cortisol levels in suicide behavior: a systematic
review and meta-analysis of 30 studies, Psychiatr. Res. 293 (2020) 113448,
https://doi.org/10.1016/j.psychres.2020.113448.

D.B. O’Connor, J.A. Green, E. Ferguson, R.E. O’Carroll, R.C. O’Connor, Cortisol
reactivity and suicidal behavior: investigating the role of hypothalamic-pituitary-
adrenal axis responses to stress in suicide attempters and ideators,
Psychoneuroendocrinology 75 (2017) 183-191, https://doi.org/10.1016/j.
psyneuen.2016.10.019.

C. Peixoto, A.J. Grande, M.B. Mallmann, A.E. Nardi, A. Cardoso, A.B. Veras,
Dehydroepiandrosterone (DHEA) for depression: a systematic review and meta-
analysis, CNS Neurol. Disord. - Drug Targets 17 (2018) 706-711, https://doi.org/
10.2174/1871527317666180817153914.

C. Ritter, A. Buchmann, S.T. Miiller, M. Hersberger, M. Haynes, C. Ghisleni,

R. Tuura, G. Hasler, Cerebral perfusion in depression: relationship to sex,
dehydroepiandrosterone sulfate and depression severity, Neurolmage Clin 32
(2021) 102840, https://doi.org/10.1016/j.nicl.2021.102840.

X.-L. Fu, X. Li, J.-M. Ji, H. Wu, H.-L. Chen, Blood hormones and suicidal behaviour:
a systematic review and meta-analysis, Neurosci. Biobehav. Rev. 139 (2022)
104725, https://doi.org/10.1016/j.neubiorev.2022.104725.

L. Sher, J. Flory, L. Bierer, I. Makotkine, R. Yehuda, Dehydroepiandrosterone and
dehydroepiandrosterone sulfate levels in combat veterans with or without a history
of suicide attempt, Acta Psychiatr. Scand. 138 (2018) 55-61, https://doi.org/
10.1111/acps.12897.

M.IL Butterfield, K.M. Stechuchak, K.M. Connor, J.R.T. Davidson, C. Wang, C.

L. MacKuen, A.M. Pearlstein, C.E. Marx, Neuroactive steroids and suicidality in
posttraumatic stress disorder, Am. J. Psychiatr. 162 (2005) 380-382, https://doi.
org/10.1176/appi.ajp.162.2.380.

A. Chatzittofis, P. Nordstrom, C. Hellstrom, S. Arver, M. f\sberg, J. Jokinen, CSF 5-
HIAA, cortisol and DHEAS levels in suicide attempters, Eur.
Neuropsychopharmacol 23 (2013) 1280-1287, https://doi.org/10.1016/j.
euroneuro.2013.02.002.

A.E. de Wit, M.K. De Boer, F.J. Bosker, A.J.W. van der Does, L.J.G. Gooren, W.
A. Nolen, B.W.J.H. Penninx, R.A. Schoevers, E.J. Giltay, Associations of plasma
androgens with suicidality among men and women: a 9-year longitudinal cohort
study, J. Affect. Disord. 269 (2020) 78-84, https://doi.org/10.1016/j.
jad.2020.03.032.

R.J. Park, Y.H. Kim, Association between high sensitivity CRP and suicidal ideation
in the Korean general population, Eur. Neuropsychopharmacol 27 (2017) 885-891,
https://doi.org/10.1016/j.euroneuro.2017.06.010.

S. Sun, C.M. Wilson, S. Alter, Y. Ge, E.A. Hazlett, M. Goodman, R. Yehuda,

H. Galfalvy, F. Haghighi, Association of interleukin-6 with suicidal ideation in
veterans: a longitudinal perspective, Front. Psychiatr. 14 (2023), https://doi.org/
10.3389/fpsyt.2023.1231031.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

Comprehensive Psychoneuroendocrinology 19 (2024) 100235

J. Liu, M.W. Marino, G. Wong, D. Grail, A. Dunn, J. Bettadapura, A.J. Slavin,

L. Old, C.C.A. Bernard, TNF is a potent anti-inflammatory cytokine in autoimmune-
mediated demyelination, Nat. Med. 4 (1998) 78-83, https://doi.org/10.1038/
nm0198-078.

S. Masli, B. Turpie, Anti-inflammatory effects of tumour necrosis factor (TNF)-« are
mediated via TNF-R2 (p75) in tolerogenic transforming growth factor-p-treated
antigen-presenting cells, Immunology 127 (2009) 62-72, https://doi.org/
10.1111/j.1365-2567.2008.02933.x.

M. Zakharova, H.K. Ziegler, Paradoxical anti-inflammatory actions of TNF-a:
inhibition of IL-12 and IL-23 via TNF receptor 1 in macrophages and dendritic
cells, J. Immunol. 175 (2005) 5024-5033, https://doi.org/10.4049/
jimmunol.175.8.5024.

Y. Dowlati, N. Herrmann, W. Swardfager, H. Liu, L. Sham, E.K. Reim, K.L. Lanctot,
A meta-analysis of cytokines in major depression, Biol. Psychiatr. 67 (2010)
446-457, https://doi.org/10.1016/j.biopsych.2009.09.033.

J. Wei, M. Ying, L. Xie, E.K. Chandrasekar, H. Lu, T. Wang, C. Li, Late-life
depression and cognitive function among older adults in the U.S.: the National
Health and Nutrition Examination Survey, 2011-2014, J. Psychiatr. Res. 111
(2019) 30-35, https://doi.org/10.1016/j.jpsychires.2019.01.012.

X. Lang, T.H. Trihn, H.E. Wu, Y. Tong, M. Xiu, X.Y. Zhang, Association between
TNF-alpha polymorphism and the age of first suicide attempt in chronic patients
with schizophrenia, Aging 12 (2020) 1433-1445, https://doi.org/10.18632/
aging.102692.

R. Haapakoski, J. Mathieu, K.P. Ebmeier, H. Alenius, M. Kiviméki, Cumulative
meta-analysis of interleukins 6 and 1f, tumour necrosis factor o and C-reactive
protein in patients with major depressive disorder, Brain Behav. Immun. 49 (2015)
206-215, https://doi.org/10.1016/j.bbi.2015.06.001.

S.P. Neupane, F.M. Daray, E.D. Ballard, H. Galfalvy, L. Itzhaky, A. Segev, A. Shelef,
0. Tene, M.M. Rizk, J.J. Mann, G. Zalsman, Immune-related biomarkers and
suicidal behaviors: a meta-analysis, Eur. Neuropsychopharmacol 75 (2023) 15-30,
https://doi.org/10.1016/j.euroneuro.2023.05.009.

L. Gananca, M.A. Oquendo, A.R. Tyrka, S. Cisneros-Trujillo, J.J. Mann, M.

E. Sublette, The role of cytokines in the pathophysiology of suicidal behavior,
Psychoneuroendocrinology 63 (2016) 296-310, https://doi.org/10.1016/j.
psyneuen.2015.10.008.

T. Lagerberg, S. Fazel, A. Sjolander, C. Hellner, P. Lichtenstein, Z. Chang, Selective
serotonin reuptake inhibitors and suicidal behaviour: a population-based cohort
study, Neuropsychopharmacology 47 (2022) 817-823, https://doi.org/10.1038/
s41386-021-01179-z.

R.J. Valuck, A.M. Libby, M.R. Sills, A.A. Giese, R.R. Allen, Antidepressant
treatment and risk of suicide attempt by adolescents with major depressive
disorder, CNS Drugs 18 (2004) 1119-1132, https://doi.org/10.2165/00023210-
200418150-00006.

Y.-E. Jung, T.-Y. Jun, Y.S. Woo, H.W. Yim, J.-B. Kim, J.-M. Kim, H.-J. Seo, The
change of suicidal ideation over a 12-week naturalistic treatment of depression:
comparison between young people and older adults, Psychiatry Investig 20 (2023)
9-17, https://doi.org/10.30773/pi.2022.0147.

C. Schiile, Neuroendocrinological mechanisms of actions of antidepressant drugs,
J. Neuroendocrinol. 19 (2007) 213-226, https://doi.org/10.1111/j.1365-
2826.2006.01516.x.

Knigge Jgrgensen, Warberg Kjaer, Adrenocorticotropic hormone secretion in rats
induced by stimulation with serotonergic compounds, J. Neuroendocrinol. 11
(1999) 283-290, https://doi.org/10.1046/j.1365-2826.1999.00328.x.

Y.K. Kim, J.P. Hong, K.S. Na, S.W. Han, B.H. Lee, H.Y. Jung, P.1.a.003 TNF-alpha
—308 G>A polymorphism is associated with suicide attempt in major depressive
disorder, Eur. Neuropsychopharmacol 23 (2013) S160-S161, https://doi.org/
10.1016/S0924-977X(13)70241-4.

L.R. Simoes, S. Netto, J.S. Generoso, R.A. Ceretta, R.F. Valim, D. Dominguini,

M. Michels, G.Z. Réus, S.S. Valvassori, F. Dal-Pizzol, T. Barichello, Imipramine
treatment reverses depressive- and anxiety-like behaviors, normalize
adrenocorticotropic hormone, and reduces interleukin-1p in the brain of rats
subjected to experimental periapical lesion, Pharmacol. Rep. 71 (2019) 24-31,
https://doi.org/10.1016/j.pharep.2018.08.003.

S. Fischer, C. Macare, A.J. Cleare, Hypothalamic-pituitary-adrenal (HPA) axis
functioning as predictor of antidepressant response-Meta-analysis, Neurosci.
Biobehav. Rev. 83 (2017) 200-211, https://doi.org/10.1016/j.
neubiorev.2017.10.012.


https://doi.org/10.1055/s-2003-45135
https://doi.org/10.1016/j.psychres.2017.08.076
https://doi.org/10.1016/j.bbi.2022.02.021
https://doi.org/10.1016/j.bbi.2022.02.021
https://doi.org/10.1038/s41380-022-01887-y
https://doi.org/10.1016/j.jad.2021.10.054
https://doi.org/10.1016/j.jad.2021.10.054
https://doi.org/10.1016/j.psychres.2020.113448
https://doi.org/10.1016/j.psyneuen.2016.10.019
https://doi.org/10.1016/j.psyneuen.2016.10.019
https://doi.org/10.2174/1871527317666180817153914
https://doi.org/10.2174/1871527317666180817153914
https://doi.org/10.1016/j.nicl.2021.102840
https://doi.org/10.1016/j.neubiorev.2022.104725
https://doi.org/10.1111/acps.12897
https://doi.org/10.1111/acps.12897
https://doi.org/10.1176/appi.ajp.162.2.380
https://doi.org/10.1176/appi.ajp.162.2.380
https://doi.org/10.1016/j.euroneuro.2013.02.002
https://doi.org/10.1016/j.euroneuro.2013.02.002
https://doi.org/10.1016/j.jad.2020.03.032
https://doi.org/10.1016/j.jad.2020.03.032
https://doi.org/10.1016/j.euroneuro.2017.06.010
https://doi.org/10.3389/fpsyt.2023.1231031
https://doi.org/10.3389/fpsyt.2023.1231031
https://doi.org/10.1038/nm0198-078
https://doi.org/10.1038/nm0198-078
https://doi.org/10.1111/j.1365-2567.2008.02933.x
https://doi.org/10.1111/j.1365-2567.2008.02933.x
https://doi.org/10.4049/jimmunol.175.8.5024
https://doi.org/10.4049/jimmunol.175.8.5024
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1016/j.jpsychires.2019.01.012
https://doi.org/10.18632/aging.102692
https://doi.org/10.18632/aging.102692
https://doi.org/10.1016/j.bbi.2015.06.001
https://doi.org/10.1016/j.euroneuro.2023.05.009
https://doi.org/10.1016/j.psyneuen.2015.10.008
https://doi.org/10.1016/j.psyneuen.2015.10.008
https://doi.org/10.1038/s41386-021-01179-z
https://doi.org/10.1038/s41386-021-01179-z
https://doi.org/10.2165/00023210-200418150-00006
https://doi.org/10.2165/00023210-200418150-00006
https://doi.org/10.30773/pi.2022.0147
https://doi.org/10.1111/j.1365-2826.2006.01516.x
https://doi.org/10.1111/j.1365-2826.2006.01516.x
https://doi.org/10.1046/j.1365-2826.1999.00328.x
https://doi.org/10.1016/S0924-977X(13)70241-4
https://doi.org/10.1016/S0924-977X(13)70241-4
https://doi.org/10.1016/j.pharep.2018.08.003
https://doi.org/10.1016/j.neubiorev.2017.10.012
https://doi.org/10.1016/j.neubiorev.2017.10.012

	Higher levels of plasma Adrenocorticotropic hormone (ACTH) are associated with lower suicidal ideation in depressed patient ...
	1 Introduction
	2 Methods
	2.1 Study participants
	2.2 Patient assessment
	2.3 Biological analytes
	2.4 Statistical analysis

	3 Results
	3.1 Biomarker concentration analysis
	3.2 Correlation between peripheral blood biomarker concentrations ACTH and SSI
	3.3 Multivariate regression analyses

	4 Discussion
	5 Strengths and limitations
	6 Conclusions
	Statements and declarations
	Role of the funding source
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


