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Association between irritability and suicidal ideation in three
clinical trials of adults with major depressive disorder
Manish K. Jha1,2, Abu Minhajuddin2, Cherise Chin Fatt2, Katharina Kircanski3, Argyris Stringaris3, Ellen Leibenluft3 and
Madhukar H. Trivedi 2

Irritability in pediatric samples is associated with higher rates of subsequent suicide-related outcomes. No study, to date, has
evaluated the longitudinal association between irritability and suicidal ideation (SI) in adults with major depressive disorder (MDD).
This report evaluated whether irritability is associated with SI at the same visit (i.e., concurrently) and whether early changes in
irritability with antidepressant treatment predict subsequent levels of SI. Participants of Combining Medications to Enhance
Depression Outcomes (CO-MED, n= 665), Establishing Moderators and Biosignatures of Antidepressant Response in Clinical Care
(EMBARC, n= 296), and Suicide Assessment Methodology Study (SAMS, n= 266) were included. Repeated-measures mixed model
analyses evaluated concurrent association throughout the trial between irritability (five-item irritability domain of Concise
Associated Symptom Tracking scale) and SI (three-item suicidal thoughts factor of Concise Health Risk Tracking scale) after
controlling for overall depression (excluding suicidality-related item), and predicted subsequent levels of SI (repeated observations
from week-2-to-week-8) based on early (baseline-to-week-2) changes in irritability after controlling for early changes in overall
depression. Higher irritability was associated with higher SI concurrently; estimates (standard error) were 0.18 (0.02, p < 0.0001), 0.64
(0.02, p < 0.0001), and 0.26 (0.04, p < 0.0001) in CO-MED, EMBARC, and SAMS respectively. Greater baseline-to-week-2 reductions in
irritability predicted lower levels of subsequent SI; estimates (standard errors) were −0.08 (0.03, p= 0.023), −0.50 (0.05, p < 0.0001),
and −0.12 (0.05, p= 0.024) in CO-MED, EMBARC, and SAMS, respectively. Controlling for anxiety or insomnia produced similar
results. In conclusion, irritability and SI were consistently linked in adults with MDD. These findings support careful assessment of
irritability in suicide risk assessment.
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INTRODUCTION
Increasing rates of suicide-related mortality have underscored the
urgency to identify reliable and potentially modifiable risk factors
of suicidality [1]. While depression severity has been well-
recognized as a risk factor for suicide [2–4], irritability has gained
recent attention as an independent risk factor [5]. Longitudinal
studies of youths have linked (1) symptoms of irritability to
suicidal ideation (SI) concurrently (i.e., at the same visit) [6]; (2)
symptoms of irritability during childhood [7] or adolescence [8] to
increased likelihood of suicide attempts later in life; and (3) the
presence of irritability prior to treatment initiation to occurrence
of suicide-related events (SI, self‐mutilation and suicide attempt)
during the first three months of antidepressant treatment [9]. One
longitudinal study of adults with bipolar or schizoaffective
disorder found that the presence of irritability within the context
of manic, depressive, mixed, subsyndromal, or euthymic presenta-
tion at index visit was associated with higher severity of
depressive symptoms, including SI, over a two-year naturalistic
observation period [10]. A recent longitudinal study that followed
offspring of parents with mood disorders for up to 12 years
reported that elevated trajectory of irritability was associated with

higher likelihood of suicide attempt [11]. Furthermore, the
presence of irritability in adults who were assessed in emergency
room for SI or suicide attempt was associated with higher
likelihood of suicide behavior at 12 months of follow-up [12].
Finally, a recent study of patients with Huntington’s disease who
were followed for up to 5 years reported that higher frequency of
irritable behaviors was associated with shorter time to occurrence
of SI or suicide attempt [13]. However, to date no study has
dissociated the effects of treatment on levels of irritability,
depression, and SI in adults with MDD, and examined whether
reduction in irritability with treatment is associated with
decreased levels of subsequent SI. Here, in the context of two
randomized controlled trials (RCTs) and one open trial of patients
treated for major depressive disorder (MDD) (total n= 1227), we
examine associations among response to treatment of irritability,
depression, and SI (active suicidal thoughts and plans).
When examining associations between irritability and SI, it is

particularly important to dissociate effects of depression versus
irritability on SI. A large cross-sectional study of adult outpatients
with MDD found that the association of irritability with current SI
and lifetime history of suicide attempt was no longer significant
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after adjusting for age, sex, and overall depression severity [14].
Consistent with this, other studies of adults with depression did
not find a significant cross-sectional association between irrit-
ability and SI after accounting for potential confounders such as
anxiety and insomnia [5, 15–17].
Understanding the association of irritability with SI will also

inform the utility of irritability as an important target symptom
[18]. While irritability is not a diagnostic criterion for MDD in adults
[19], it reported by about half of adults with MDD [14, 20] and is
associated with greater illness severity and worse long-term
clinical course [14, 20, 21]. Furthermore, we have previously found
(using data from one RCT and one open label trial also included in
this report) that early changes in irritability independently predict
subsequent levels of overall depression [22]. However, our
previous report [22] did not assess associations between the
response of irritability to treatment and alterations in SI.
Thus, in this report, we seek to systematically assess the

association of irritability with SI while accounting for the severity
of other depressive symptoms (referred to as overall depression
hereafter) [23], using three samples of convenience that used the
same instruments to measure irritability and SI. The two RCTs,
Combining Medications to Enhance Depression Outcomes (CO-
MED) and Establishing Moderators and Biosignatures of Anti-
depressant Response in Clinical Care (EMBARC) enrolled n= 665
and n= 296 patients with MDD, respectively. The only open trial,
Suicide Assessment Methodology Study (SAMS), enrolled n= 266
patients with MDD for eight-week long treatment with a selective
serotonin reuptake inhibitor (SSRI). Using data from these three
trials, we asked the following questions regarding irritability and
SI:

(1) Is irritability associated with SI concurrently?
(2) If yes, is this association significant even after controlling for

overall depression?
(3) Do early changes in irritability with treatment predict

subsequent levels of SI even after controlling for early
changes in overall depression?

As the trials differed in their eligibility criteria and treatments,
these questions regarding irritability, overall depression and SI
were asked separately for each trial. While the trials differed in
treatment duration, all included visits up to 8 weeks after baseline;
therefore, only visits from baseline-to-week-8 were included in this
analysis. Longitudinal study design that assessed irritability and SI
at the same visit and predicted levels of SI at subsequent visits
based on early changes in irritability was used to provide a stable
estimate of concurrent association and to evaluate whether
irritability is a potentially modifiable risk factor for suicidality.
Analyses that controlled for overall depression were used to
inform the clinical utility of measuring irritability in addition to the
existing practice of focusing on overall depression [24]. As anxiety
is associated with irritability and insomnia is associated with SI
[25, 26], additional analyses that controlled for these symptoms
were used to demonstrate the specificity of association between
irritability and SI.

METHODS
Study design, participants, and interventions
All three trials were approved by the Institutional Review Boards at
each site and all participants provided signed written informed
consent prior to completing any study related procedures.
Furthermore, irritability, SI, overall depression, anxiety, and
insomnia were assessed at each study visit.

CO-MED. As described previously, from March 2008 to February
2009, the CO-MED trial (NCT00590863) recruited 18–75-year-old
treatment-seeking MDD outpatients (n= 665), see Supplementary

materials for CONSORT diagram and protocol, with at least
moderately severe [17-item Hamilton Depression Rating scale
(HAMD-17)≥ 16) nonpsychotic chronic or recurrent depression from
six primary and nine psychiatric sites after obtaining participants’
written informed consent and approval of IRB from each participat-
ing site [27]. Detailed eligibility criteria are available at https://
clinicaltrials.gov/ct2/show/NCT00590863. Participants were ran-
domly assigned in 1:1:1 ratio stratified by site (using web-based
randomization in block sizes of three and six) at baseline to single-
blind (clinician unblinded, participant blinded to second medication
only) treatment with either escitalopram-plus-placebo, sustained-
release-bupropion-plus-escitalopram, or extended-release-venlafax-
ine-plus-mirtazapine.Post-randomization visits were conducted at
week-1, -2, -4, -6, -8, -10, and -12 for acute phase.

EMBARC. As previously described [28], from August 2011 to
December 2015, EMBARC (NCT01407094) enrolled 309 partici-
pants with MDD at four academic medical centers, of whom ten
were in a feasibility sample and three were randomized but were
not eligible, resulting in an intent to treat sample of n= 296, also
see supplementary materials for CONSORT diagram and protocol.
The inclusion and exclusion criteria have been described
previously [28, 29]. Briefly, 18–65-year-old participants with at
least moderately severe [Quick Inventory of Depressive Sympto-
matology (QIDS-SR) ≥ 14] depression at both screening and
randomization visits who did not meet criteria for any failed
antidepressant trial in the current episode based on Massachu-
setts General Hospital Antidepressant Treatment Response Ques-
tionnaire (MGH-ATRQ) were randomized to double-blind (both
participant and clinician) treatment with either sertraline or
placebo in 1:1 ratio stratified by site (in clinician trial management
software) for Stage 1 and assessed at baseline and week-1, -2, -3,
-4, -6, and -8.

SAMS. As described previously, SAMS recruited 18–75-year-old
treatment-seeking outpatients (n= 266) with nonpsychotic MDD
and moderately severe depression (HAMD-17 ≥ 14) from six
primary and nine psychiatric care sites [30, 31]. Detailed eligibility
criteria are available at https://clinicaltrials.gov/ct2/show/
NCT00532103. Participants received a SSRI medication (escitalo-
pram, citalopram, sertraline, paroxetine, paroxetine controlled
release, or fluoxetine) in an open label fashion for 8 weeks (post-
baseline visits at week-2, -4, -6, and -8).

Measurements
Irritability. In all three trials, participants completed the five-item
irritability domain of the Concise Associated Symptom Tracking
scale (CAST-IRR) as a measure of irritability at each visit. Individual
items were “I wish people would just leave me alone,” “I feel very
uptight,” “I find myself saying or doing things without thinking,”
“Lately everything seems to be annoying me,” and “I find people
get on my nerves easily.” These items were rated on a five-point
Likert scale with responses of “strongly disagree,” “disagree,”
“neither agree nor disagree,” “agree,” and “strongly agree”
corresponding to scores of 1, 2, 3, 4, and 5 (total score range:
5–25). Cronbach’s alpha of CAST-IRR at baseline in CO-MED,
EMBARC, and SAMS were 0.83, 0.77, and 0.78, respectively.
Previous reports have found strong associations of CAST-IRR with
measures of anger and irritability (convergent validity) and
minimal associations with measures of mania, insomnia, and
anhedonia (divergent validity), underscoring strong psychometric
properties of CAST-IRR [31–33]. A modified score of irritability was
computed after excluding the impulsivity-related item, “I find
myself saying or doing things without thinking.”

Depression. Clinicians conducted structured interviews [34] for
the 17-item Hamilton Depression Rating Scale (HAMD) [35] to
assess depression severity at each visit of the EMBARC, and the
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16-item Quick Inventory of Depressive Symptomatology Clinician-
Rated (QIDS-C) [36] at each visit of the CO-MED and SAMS trials.
Previous reports have found high concurrent validity of HAMD
and QIDS-C with other measures of depression severity such as
the 30-item Inventory of Depressive Symptomatology [36, 37].
The Quick Inventory of Depressive Symptomatology Self-Report
version (QIDS-SR) [36] was collected prior to treatment initiation
only in EMBARC and at each visit of CO-MED trial. In addition,
HAMD was collected prior to treatment initiation only in CO-MED
and in SAMS trials. In this report, HAMD in EMBARC and QIDS-C
in CO-MED and SAMS trials were the measures of overall
depression severity (all clinician-rated) after removal of
suicidality-related item.

Suicidal ideation. Participants completed the three-item suicidal
thoughts factor of the Concise Health Risk Tracking (CHRT) as a
measure of SI at each visit in all three trials [38]. These items
included, “I have been having thoughts of killing myself,” “I have
thoughts about how I might kill myself,” and “I have a plan to kill
myself.” These items were rated on a five-point Likert scale with
responses of “strongly disagree,” “disagree,” “neither agree nor
disagree,” “agree,” and “strongly agree” corresponding to scores of
0, 1, 2, 3, and 4, respectively (total score range: 0–12).

Anxiety. Participants completed the three-item anxiety domain
of CAST-ANX as a measure of anxiety at each visit. Individual items
included, “I feel anxious all the time,” “I am feeling restless, as if I
have to move constantly”, and “I cannot sit still.” These items were
rated on a five-point Likert scale with responses of “strongly
disagree,” “disagree,” “neither agree nor disagree,” “agree,” and
“strongly agree” corresponding to scores of 1, 2, 3, 4, and 5 (total
score range: 3–15). Previous reports have found strong psycho-
metric properties of CAST-ANX [32, 33].

Insomnia. Participants completed the two-item anxiety domain
of CAST-INS as a measure of insomnia at each visit. Individual
items included, “I have been having more trouble sleeping than
usual” and “I slept very little last night”. These items were rated on
a five-point Likert scale with responses of “strongly disagree,”
“disagree,” “neither agree nor disagree,” “agree,” and “strongly
agree” corresponding to scores of 1, 2, 3, 4, and 5 (total score
range: 2–10). Previous reports have found strong psychometric
properties of CAST-INS [32, 33].

Statistical analysis plan
Descriptive statistics were used to describe the analytic sample for
this report and to present the observed levels of irritability,
suicidality, and overall depression at each visit. Age, sex, race, and
ethnicity were used as covariates in all analyses. All symptom
measures were standardized (z transformed with mean of 0 and
standard deviation of 1) to allow for comparison of β estimates
given that individual symptom measures differed in their range of
total scores.
Repeated-measures correlation coefficients [39] were estimated

separately in each trial to assess the concurrent association
between irritability and SI across all available time points. For each
trial separately, repeated-measures mixed model analyses (com-
pound symmetry covariance structure) were used with irritability
and overall depression as key independent variables of interest in
the same model and SI as the outcome variable to evaluate
whether concurrent association of irritability with SI was
significant even after controlling for levels of overall depression
at the same visit.
To evaluate whether early changes in irritability significantly

predicted subsequent suicidality, repeated-measures mixed model
analyses (compound symmetry covariance structure) were used
with repeated observation of SI at each available visit (from week-
2-to-week-8) as the outcome variable and baseline-to-week-2

changes in irritability and overall depression as key independent
variables of interest. Additional covariates for these models
included baseline levels of irritability, overall depression, and SI.
Additional analyses substituted anxiety or insomnia for overall

depression in the aforementioned mixed model analyses to test
whether association between irritability and SI was significant
even after controlling for these symptoms. Additional analyses, in
which a modified irritability scale was substituted for CAST-IRR,
were conducted to evaluate: (1) correlation coefficient between
the modified irritability measure and SI; (2) concurrent association
between the modified irritability measure and SI from baseline-to-
week-8 in a repeated-measures mixed model analysis that
controlled for either overall depression, anxiety or insomnia
(Supplementary Table S4); and (3) association between baseline-
to-week-2 change in the modified irritability measure and SI from
week-2-to-week-8 in a repeated measures mixed model analysis
that controlled for baseline-to-week-2 change in overall depres-
sion (Supplementary Table S7).
To evaluate whether the association between irritability and SI

was specific to antidepressant medications, we conducted
analyses that were stratified by treatment arm (sertraline and
placebo) in EMBARC. Specifically, for sertraline and placebo arms
separately, we conducted (1) mixed model analyses (including
data from all visits from baseline-to-week-8) with irritability and
overall depression as key independent variables of interest in the
same model and SI as the outcome variable; and (2) mixed model
analyses with repeated observations of SI at each available visit
(from week-2-to-week-8) as the outcome variable and baseline-to-
week-2 changes in irritability and overall depression as key
independent variables of interest.
Given the nature of these unplanned secondary analyses, no

formal sample size estimation was done and sample size was
restricted by availability of data in each study. All analyses were
conducted using SAS 9.4 and the threshold of significance was set
at p < 0.05 without any adjustment for multiple comparisons.

RESULTS
At baseline, the three trials [CO-MED (n= 665), EMBARC (n= 296),
and SAMS (n= 266)] were similar on most clinical and demo-
graphic characteristics, except that the proportion of unemployed
participants was higher in CO-MED (50.2%) than in SAMS (35.8%),
and participants in SAMS reported lower levels of suicidality than
in CO-MED or in EMBARC, see Table 1. Observed means and
standard deviations of irritability, suicidality, and overall depres-
sion are presented in Fig. 1.

Is irritability associated with SI concurrently?
Yes. In repeated-measures analyses that estimated concurrent
association averaged across each available visit, irritability was
positively correlated (Pearson’s r= 0.31–0.73) with SI in all three
trials (all p < 0.0001). See Table 2 for the correlation coefficients
and 95% confidence intervals of irritability, overall depression,
anxiety, and insomnia with SI.

Is this association significant even after controlling for overall
depression?
Yes. In repeated-measures mixed model analyses with SI as the
outcome variable and irritability and overall depression as
independent variables of interest in the same model, irritability
was significantly associated with SI even after controlling for
overall depression; standardized estimates (β) [standard errors
(SE)] were 0.18 (0.02, p < 0.0001), 0.64 (0.02, p < 0.0001), and 0.26
(0.04, p < 0.0001) in CO-MED, EMBARC, and SAMS respectively; also
see Supplementary Table S1. Furthermore, the strength of
association between irritability and SI in these models was
significantly higher than that of overall depression and SI in two
out of three (EMBARC and SAMS) trials, see Fig. 2.
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Do early changes in irritability with treatment predict subsequent
levels of SI even after controlling for changes in overall
depression?
Yes. In CO-MED, EMBARC, and SAMS trials, greater baseline-to-
week-2 reduction in irritability predicted lower levels of SI from
week-2-to-week-8 [β (SE) were −0.08 (0.03, p= 0.023), −0.50 (0.05,
p < 0.0001), and −0.12 (0.05, p= 0.024) in CO-MED, EMBARC, and
SAMS respectively] even after controlling for baseline levels of SI,
irritability, and overall depression as well as baseline-to-week-2
changes in overall depression, also see Table 3.

Additional analyses
Concurrent association between irritability and SI was significant
even after controlling for levels of anxiety (β= 0.08–0.36, all p <
0.0001, Supplementary Table S2) or insomnia (β= 0.09–0.37, all
p < 0.0001, Supplementary Table S3) at the same visit. Further-
more, greater baseline-to-week-2 reduction in irritability predicted
lower levels of SI from week-2-to-week-8 even after controlling for
changes in anxiety (β=−0.15 to −0.51, all p < 0.05, Supplemen-
tary Table S5) or insomnia (β=−0.12 to −0.51, all p < 0.05,
Supplementary Table S6).
Excluding the impulsivity-related item did not significantly

change the correlation between irritability and SI (Pearson’s r=
0.28–0.74 vs. r= 0.31–0.73 with five-item CAST-IRR). Concurrent

association between this modified scale of irritability and SI was
significant even after controlling for overall depression (β=
0.04–0.62, all p < 0.0001, Supplementary Table S4). Similarly,
greater baseline-to-week-2 reduction in this modified scale of
irritability predicted lower levels of suicidality from week-2-to-
week-8 even after controlling for overall depression (β=−0.07 to
−0.51, all p < 0.05, Supplementary Table S7).
In EMBARC, higher irritability was associated with higher SI

concurrently in both sertraline (β= 0.68; 95% CI: 0.62,0.74; p <
0.0001) and placebo (β= 0.61; 95% CI: 0.55, 0.68; p < 0.001) arms
even after controlling for overall depression. Similarly, greater
baseline-to-week-2 reduction in irritability predicted lower levels
of SI from week-2-to-week-8 in both sertraline (β=−0.41; 95% CI:
−0.28, −0.54; p < 0.0001) and placebo (β=−0.49; 95% CI: −0.32,
−0.65; p < 0.0001) arms even after controlling for baseline-to-
week-2 reduction in overall depression.

DISCUSSION
Across three separate clinical trials, we found consistent evidence
linking irritability to concurrent SI. In fact, this association was
stronger than that of overall depression and SI in two out of three
trials. Furthermore, we found that greater reduction in irritability
earlier in the course of treatment was associated with reduced
levels of SI throughout the remainder of acute-phase treatment.
The association between irritability and SI continued to be
significant even when controlling for anxiety or insomnia.
Our finding that higher irritability is associated with greater SI at

the same visit is consistent with the previous report by Berk et al.
[10], who found that bipolar or schizoaffective patients with
irritability had higher scores on the suicidality item of HAMD at
index episode. Findings of this report are also consistent with
studies that have linked irritability to subsequent suicidality in
youths [7, 8]. However, to our knowledge, this is the first
longitudinal study in adult patients with MDD describing the
association between irritability and SI throughout the course of
treatment. In addition, we found that the association between
irritability and SI was not accounted for by severity of other
depressive symptoms, anxiety, or insomnia and that irritability
may be a stronger predictor of SI than these other symptoms.
Most notably, these findings were remarkably consistent across
three separate samples of patients with MDD.
Findings of this report are consistent with emerging literature

on the association between anger (a construct related to
irritability) and suicidality. Cross-sectional studies have reported
significant associations between anger and suicidality in commu-
nity samples [40], including home-dwelling elderly [41], veterans
[42], and patients with chronic cancer pain [43], somatoform
disorders [44], and mood or anxiety disorders [45]. Similarly,
longitudinal studies have also reported an association between
anger and subsequent SI, suicide attempt, or completed suicide
[46–48]. Taken together, these findings argue for careful assess-
ment of irritability and related constructs in suicide risk assess-
ment. However, the causes of these associations between
irritability and SI remain unclear. One possible explanation could
be that irritability is associated with greater propensity for
aggression in response to frustration or threat (reactive aggres-
sion) [49, 50]. Reactive aggression, in turn, has been consistently
associated with suicide-related behaviors [51]. Another mechan-
ism of potential relevance may be the hyperarousal state that is
associated with irritability [52] and has been linked to suicidality in
past [53, 54].
These findings may have clinical implications. Higher levels of

irritability may alert clinicians to the risk of elevated SI. Hence,
these findings add to the clinical utility of incorporating
assessments of irritability in measurement-based care approach
to management of depression [22, 24, 55]. This may be especially

Table 1. Baseline clinical and demographic characteristics of CO-MED,
EMBARC, and SAMS trials.

CO-MED EMBARC SAMS

Number 665 296 266

Categorical variables N % N % N %

Sex

Male 213 32.03 102 34.46 77 28.95

Female 452 67.97 194 65.54 189 71.05

Race

White 425 63.91 193 65.20 181 68.05

Black 176 26.47 58 19.59 68 25.56

Other 64 9.62 45 15.20 17 6.39

Hispanic ethnicity 101 15.19 55 18.58 31 11.65

Unemployed at baseline 334 50.23 124 42.47 95 35.85

Continuous variables Mean SD Mean SD Mean SD

Mean age in years 42.71 13.00 37.06 13.28 41.21 13.45

HAMD-17 minus
suicide item

22.86 4.55 17.74 4.25 20.28 4.26

QIDS-C minus
suicide item

15.02 3.15 NA NA 14.15 2.98

CAST Irritability domain 17.34 3.80 16.33 3.96 15.90 4.38

CHRT Suicidal Thoughts
factor

5.09 2.65 5.37 2.35 2.02 2.56

CAST Anxiety domain 9.24 2.95 8.84 2.66 8.86 2.95

CAST Insomnia domain 7.06 2.33 6.64 2.06 7.25 2.30

Irritability was assessed with the five-item irritability domain of Concise
Associated Symptom Tracking (CAST) scale. Suicidal ideation was assessed
with three-item suicidal thoughts factor of Concise Health Risk Tracking
(CHRT) scale. After removing suicide-related item, overall depression was
assessed with the Hamilton Depression Rating Scale (HAMD-17) in the
EMBARC trial, and with Quick Inventory of Depressive Symptomatology
Clinician-Rated version (QIDS-C) in the CO-MED and SAMS trials.
CO-MED Combining Medications to Enhance Depression Outcomes,
EMBARC Establishing Moderators and Biosignatures of Antidepressant
Response in Clinical Care, SAMS Suicide Assessment Methodology Study.
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important for pediatric and young adult patients where the use of
antidepressants may be restricted by the black box warning by the
Food and Drug Administration regarding increased risk of suicidal
thoughts and behaviors with antidepressants in these patients
[56]. Therefore, future studies are needed in youths to characterize
the longitudinal associations between irritability and suicide-
related outcomes within the context of treatment with serotoner-
gic antidepressants. Furthermore, there is an urgent need to
develop treatment strategies that specifically target irritability.
While a recent study showed that citalopram, a SSRI antidepres-
sant, was superior to placebo in reducing severe chronic irritability
in youths [57], a previous report had found worsening of irritability
in a sizeable proportion (about 6%) of patients with MDD who
were treated either SSRI monotherapy or a combination of
antidepressants [32].

We found that associations between irritability and SI did not
differ between the two treatment arms (sertraline and placebo) of
EMBARC study. We also found that the association between
irritability and SI was numerically higher in EMBARC (r= 0.73) as
compared to CO-MED (r= 0.31) and SAMS (r= 0.31) trials which
may reflect the heterogeneity within the syndromic diagnosis of
MDD. This may also be related to sample characteristics;
participants of EMBARC were volunteers who were recruited from
depression clinical research programs at four major academic
medical centers whereas those of CO-MED and SAMS were
treatment-seeking outpatients from community-based primary
care and psychiatric practices who agreed to participate in the trial
and were treated within these practices during the trial. In
addition, EMBARC study had relatively extensive eligibility
restrictions (related to EMBARC’s emphasis on biosignature

Fig. 1 Levels of overall depression, irritability, and suicidal ideation, during CO-MED, EMBARC, and SAMS trials. CO-MED is Combining
Medications to Enhance Depression Outcomes (n= 665), EMBARC is Establishing Moderators and Biosignatures of Antidepressant Response in
Clinical Care (n= 296), and SAMS is Suicide Assessment Methodology Study (n= 266). Irritability was measured with the five-item irritability
domain of Concise Associated Symptom Tracking (CAST) scale. Suicidal ideation was measured with three-item suicidal thoughts factor of
Concise Health Risk Tracking (CHRT) scale. After removing the suicide-related item, overall depression was assessed with the Hamilton
Depression Rating Scale (modified HAMD-17) in the EMBARC trial, and with Quick Inventory of Depressive Symptomatology Clinician-Rated
version (modified QIDS-C) in the CO-MED and SAMS trials. Error bars represent 1 standard deviation above and below observed means at
each visit.

Table 2. Concurrent association between repeated observations of suicidal ideation with irritability, anxiety, insomnia, and overall depression in CO-
MED, EMBARC, and SAMS trials.

CO-MED EMBARC SAMS

Correlation coefficient 95% CI Correlation coefficient 95% CI Correlation coefficient 95% CI

Irritability and suicidal ideation 0.31 0.26, 0.35 0.73 0.70, 0.77 0.31 0.24, 0.39

Anxiety and suicidal ideation 0.24 0.19, 0.29 0.36 0.30, 0.43 0.20 0.12, 0.30

Insomnia and suicidal ideation 0.18 0.14, 0.22 0.25 0.19, 0.32 0.21 0.14, 0.29

Overall depression and suicidal ideation 0.28 0.24, 0.33 0.41 0.35, 0.47 0.23 0.15, 0.30

Modified irritability and suicidal ideation 0.29 0.25, 0.34 0.74 0.70, 0.77 0.28 0.21, 0.36

CI confidence interval, CO-MED Combining Medications to Enhance Depression Outcomes, EMBARC Establishing Moderators and Biosignatures of
Antidepressant Response in Clinical Care, SAMS Suicide Assessment Methodology study.
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development) whereas CO-MED and SAMS had minimal eligibility
restrictions that were intended to reflect real-world practices. In
this context, we believe that the consistent association between
irritability and SIs across these three trials that differed in eligibility
criteria and/or treatments used is a major strength.

Limitations
The assessment of irritability was restricted to a self-report
measure which differs from studies in youths where it is common
to include assessments from parent/teacher(s) [18]. The measure

Fig. 2 Association of suicidal ideation with irritability and overall
depression in CO-MED, EMBARC, and SAMS trials. *Standardized β
estimates (all symptom measures were standardized with mean of 0
and standard deviation of 1) were obtained from separate linear
mixed models with Concise Health Risk Tracking (CHRT) scale
suicidal thoughts factor as the dependent variable and irritability
and overall depression as independent variables in Combining
Medications to Enhance Depression Outcomes (CO-MED; n= 665, a),
Establishing Moderators and Biosignatures of Antidepressant
Response in Clinical Care (EMBARC; n= 296, b), and Suicide
Assessment Methodology Study (SAMS; n= 266, c). Error bars
represent 95% confidence interval of the standardized β estimates.
Irritability was assessed with the five-item irritability domain of
Concise Associated Symptom Tracking (CAST) scale. Suicidal
ideation was assessed with three-item suicidal thoughts factor of
Concise Health Risk Tracking (CHRT) scale. Overall depression was
assessed with the Hamilton Depression Rating Scale in the EMBARC
trial, and with Quick Inventory of Depressive Symptomatology
Clinician-Rated version in the CO-MED and SAMS trials, after
excluding the suicidality-related item.

Table 3. Association between levels of suicidal ideation from week-2-
to-week-8 in repeated-measures mixed model analyses based on early
changes in irritability and overall depression.

β* SE F value df p value

CO-MED

Baseline suicidal ideation 0.17 0.01 251.98 1, 539 <0.0001

Baseline irritability 0.03 0.03 1.02 1, 542 0.31

Baseline overall depression 0.10 0.03 8.85 1, 546 0.003

Baseline-to-week-2 change in
irritability

−0.08 0.03 5.19 1, 534 0.023

Baseline-to-week-2 change in
overall depression

−0.13 0.03 15.07 1, 548 0.0001

EMBARC

Baseline suicidal ideation 0.30 0.05 36.18 1, 216 <0.0001

Baseline irritability 0.41 0.06 50.85 1, 216 <0.0001

Baseline overall depression 0.02 0.05 0.11 1, 216 0.74

Baseline-to-week-2 change in
irritability

−0.50 0.05 85.87 1, 214 <0.0001

Baseline-to-week-2 change in
overall depression

−0.03 0.05 0.44 1, 215 0.51

SAMS

Baseline suicidal ideation 0.42 0.04 87.57 1, 191 <0.0001

Baseline irritability 0.08 0.05 2.27 1, 192 0.13

Baseline overall depression −0.00 0.02 0.07 1, 186 0.79

Baseline-to-week-2 change in
irritability

−0.12 0.05 5.22 1, 187 0.024

Baseline-to-week-2 change in
overall depression

−0.07 0.05 1.59 1, 188 0.21

β* is estimate obtained from solution of fixed effects from mixed model
analyses with suicidal ideation as the dependent variable (all symptom
measures were standardized with mean of 0 and standard deviation of 1).
All analyses included visit, age, sex, race, and ethnicity as covariates
SE standard error, df is degrees of freedom. CO-MED Combining
Medications to Enhance Depression Outcomes, EMBARC Establishing
Moderators and Biosignatures of Antidepressant Response in Clinical Care,
SAMS Suicide Assessment Methodology.
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of irritability in this report is based on factor analysis of a scale that
was initially developed for measurement of depression-associated
symptoms and includes an impulsivity-related item. However, the
exclusion of this impulsivity-related item did not alter the
association between irritability and SI. None of the trials reported
were powered a priori to evaluate the association between
irritability and SI, thus these findings should be considered
preliminary and need to be validated in prospective studies. To
ensure uniformity across trials in this report, we restricted the
assessment of overall depression to a clinician-rated scale while
measures of SI and irritability were patient self-report. However,
clinician and patient-rated measures of overall depression have
been shown to reflect the same symptom severity and change
constructs allowing for conversion from one scale to another [37].
Findings of our study are also limited by eligibility criteria, which
excluded pediatric patients and may not be generalizable to this
vulnerable population. An additional limitation includes measure-
ment of SI with a self-report scale, which did not collect
information about suicidal behaviors and/or mortality. Thus, future
studies are needed to evaluate whether irritability is a modifiable
risk factor of future suicidal behaviors and suicide-related
mortality. Irritability, overall depression, anxiety, and insomnia
are related constructs. Thus, future studies are needed to
understand the shared versus unique contributions of these in
predicting SI. Finally, none of these studies included a treatment
that specifically targets irritability. Thus, prospective studies of
irritability-specific treatments are needed to demonstrate that
reduction in irritability is associated with subsequent improve-
ment of SI [26].

CONCLUSION
Higher levels of irritability are associated with higher levels of
concurrent SI throughout the duration of treatment, and reduction
in irritability earlier in course of treatment predicts lower levels of
SI subsequently. Taken together, these findings add to the
emerging literature on the importance of carefully assessing and
targeting irritability in adults with MDD.
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