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Predictors of change in suicidal ideation across
treatment phases of major depressive disorder:
analysis of the STAR*D data
Cory R. Weissman1,2, Itay Hadas 3, Dengdeng Yu4, Brett Jones1,2, Dehan Kong4, Benoit H. Mulsant2, Daniel M. Blumberger1,2 and
Zafiris J. Daskalakis3

The effects of common antidepressants on suicidal ideation (SI) is unclear. In the landmark STAR*D trial antidepressants were
effective for Major Depressive Disorder (MDD) in early treatment phases, but less effective in later phases. The effects of
antidepressants on SI across the entire sample of the STAR*D trial has never been investigated. We performed a secondary analysis
of the STAR*D data with the primary outcome of change in score on the suicide item (item three) of the Hamilton Rating Scale for
Depression (HRSD17) across all four study levels. We used descriptive statistics and logistic regression analyses. Pearson correlation
was used for change in SI versus change in depression (HRSD16). Reduction in mean (SD) SI was greater in levels one: 0.29 (±0.78)
(p < 0.001) and two: 0.26 (±0.88) (p < 0.001) than in levels three: 0.16 (±0.92) (p= 0.005) and four: 0.18 (±0.93) (p= 0.094). A history
of past suicide attempts (OR 1.72, p= 0.007), comorbid medical illness (OR 2.23, p= 0.005), and a family history of drug abuse (OR
1.69, p= 0.008) were correlated with worsening of SI across level one. Treatment with bupropion (OR 0.24, p < 0.001) or buspirone
(OR 0.24, p= 0.001) were correlated with lowering of SI across level two. Improvement in SI was correlated with improvement in
overall depression (HRSD16) at level one: r(3756)= 0.48; level two: r(1027)= 0.38; level three: r(249)= 0.31; and level four: r(75)=
0.42 (p < 0.001 for all levels). Improvement in SI is limited with pharmacotherapy in patients with treatment-resistant depression.
Treatments with known anti-suicidal effects in MDD, such as ECT, should be considered in these patients.
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INTRODUCTION
Suicidality is a major public health concern. Approximately
800,000 people end their lives by suicide annually around
the world [1]. Concerns are being raised that the suicide rate will
further increase with social isolation, barriers to care, and
economic uncertainty secondary to the Coronavirus Disease
2019 [2]. It is known that 90% of individuals who complete
suicide have a psychiatric illness [3], of which a substantial
proportion have MDD [4]. Yet, suicidality impacts individuals
with treatment-resistant depression (TRD) even more severely
than those with MDD responsive to treatment, with evidence
suggesting that 30% of those with TRD attempt suicide during
their lives, which is two-to-four fold higher than in individuals
with MDD responsive to treatment [5]. Treatments targeting
suicidality in patients with TRD are needed.
Guidelines for the treatment of suicidality are limited with

evidence mostly for reduction in suicidal ideation (SI) as opposed
to suicide attempts and completions. Current options with
reliable evidence of anti-suicidal effects include: lithium [6],
clozapine [7], ketamine [8, 9], electroconvulsive therapy (ECT) [10],
and certain psychotherapies [11]. Emerging evidence also
suggests a role for repetitive transcranial magnetic stimulation

(rTMS) for the treatment of SI [12–14]. Evidence for the effects of
common, mostly serotonergic, antidepressants on suicidality is
mixed. Two major reviews on suicide prevention highlight that
randomized controlled trials (RCTs) of antidepressants show no
direct benefit and may cause or worsen suicidality in younger
patients [4, 11, 15]. However, epidemiological studies provide a
different picture, and suggest a beneficial role for antidepressants
on suicidality, yet these studies cannot prove causation [4, 11].
Studies that bridge the knowledge gap between RCTs and
epidemiological studies may shed light on the true effects of
common antidepressants on suicidality and better guide clinical
practice.
The Sequenced Treatment Alternatives to Relieve Depression

(STAR*D) study remains the largest clinical trial in depression, with
over 4000 patients consented at study outset [16]. This study was
envisioned to blend rigorous clinical trial design with real-world
generalizability through relaxed inclusion criteria and patient-
guided treatment choices. The results from the STAR*D trial did
not suggest that any particular antidepressant worked best for
treating MDD, and it confirmed that with each additional failed
medication trial the chance of treatment success diminishes
[17, 18]. To date, there are no published reports on the effects of
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treatment on suicidality across all four levels of the STAR*D trial.
Thus, we analyzed the STAR*D data to characterize predictors
of change in suicidality in STAR*D participants. Given the relatively
low levels of suicidality in this dataset, we chose to focus
specifically on SI as opposed to suicidality in general. SI is a source
of morbidity in itself, and also predicts suicide attempts; one cross-
national estimate suggests that among those with SI there is a
29% conditional probability of making a suicide attempt [19]. SI is
also thought to mediate the majority of risk for suicide attempts
caused by psychiatric disorders [19, 20]. However, the prediction
of who will attempt and complete suicide remains difficult, as
these are rare events [20]. We also analyzed the effects of
common antidepressants on SI in both TRD and nonresistant
MDD. We hypothesized that younger age (≤25 years old) and TRD
would correlate with higher SI. Based on previous results [21], we
also hypothesized that lithium would reduce SI, and treatment
with venlafaxine and mirtazapine would increase SI. Finally, we
predicted that change in depressive symptoms would be
correlated with changes in SI.

MATERIALS AND METHODS
Overall design
We performed a secondary analysis on the entire dataset of the
STAR*D study (levels 1–4). Data were requested and granted with
appropriate Data Use Certification from the NIMH Data Archive in
2018. All relevant demographic and clinical variables were
extracted for analysis. The original study was approved by the
institutional review boards of each participating study site, along
with the Data Safety and Monitoring Board of the NIMH [16].

Participants
The STAR*D trial involved 14 regional centers and 41 treatment
sites. Its eligibility criteria have been described in detail previously
[17]. In brief, patients who provided informed consent were
included if they were 18–75 years old and diagnosed with
nonpsychotic MDD according to the DSM-IV with a baseline
Hamilton Rating Scale for Depression (HRSD17) score ≥14 [16]. The
study was designed to be inclusive and reflective of a real-world
clinical population [16]. Importantly, patients with current suicidal
ideation and ongoing risk for suicide were included if they were
able to be treated as outpatients [22, 23]. Patients with past
nonresponse or intolerance in their current depressive episode to
treatments used in levels one or two of the study were excluded
from the study.

Treatments by level
Patients were treated with an equipoise stratified randomized
design to allow for treatment comparisons [17]. Table 1 sum-
marizes the details of all available treatments organized by study
level.

Outcome measures
In our analysis, SI was indexed by the suicide item (item three) of
the HRSD17. Its scores range from 0 to 4: 0 (absent), 1 (feels life is

not worth living), 2 (wishes he were dead or any thoughts of
possible death to self), 3 (suicide ideas or gestures), 4 (attempts at
suicide- any serious attempts). This was measured at baseline of
level one and at the endpoints of each level. The endpoint score
of each level served as the baseline score of the subsequent level
in accordance with how the data were originally recorded and
formatted. We chose to focus on the HRSD17 suicide item as the
primary outcome, because the HRSD17 was the primary measure
in the original reports, with the Quick Inventory of Depressive
Symptomatology Scales (QIDS) (self-rated [SR] and clinician-rated
[C]) as the secondary outcome measures [16]. The HRSD17 suicide
item has been used to measure SI in many other clinical trials
[10, 24]. We also performed several follow-up exploratory analyses
using the QIDS-SR and QIDS-C. In the primary analysis, we
measured mean change in SI as indexed by the HRSD17 suicide
item. Change in score was chosen as opposed to resolution of SI,
because the majority of patients in all levels, except level four,
began the level with a baseline score of 0. Mean change in SI can
capture both improvement and worsening of SI. When assessing
for the correlation between change in SI and change in depression
severity, the total HRSD17 score minus the score of the suicide
item, referred to as the HRSD16 score, was used.

Statistical analysis
Available raw data were organized and analyses carried out in
SPSS (version 26) and R (version 3.6.0). We completed descriptive
statistics for the baseline and endpoint of each study level.
All statistical tests carried out were two-tailed with α= 0.05. This
was then corrected with Bonferroni correction per analysis
grouping (e.g. for t-test analyses of change in suicide item score,
where four tests were performed: α= 0.0125). We calculated
Pearson correlation between change in SI (HRSD17 item 3) and
change in overall depression (HRSD16) for each study level. We
performed logistic regression analyses that included all baseline
demographic factors and medication co-variates across all four
study levels, and binarized improvement or worsening of SI from
baseline of the respective study level. To account for conditional
nesting of patients across levels, we included the baseline and
endpoint SI scores of each preceding timepoint in the logistic
regression analysis. For medication comparison outcomes on SI
in levels 2–4, we grouped patients into those taking a specific
medication versus all those not taking the medication in order to
binarize outcomes by medication within that specific level. Last,
we performed several additional exploratory analyses, including
a replication of the primary logistic regression with patients
separated into two groups: those with zero baseline SI scores and
those with nonzero baseline SI scores.

RESULTS
Table 2 presents the baseline demographic and clinical variables
available for the 3784 patients included in this analysis. Their
mean (SD) age was 39.8 (±12.9) years; 1832 (72.6%) were female
and the majority were white. The mean (SD) age of onset for the
first major depressive episode (MDE) was 25.5 (±14.4) years. The

Table 1. Treatments by study level across the entire STAR*D study.

Treatment

Level 1 Citalopram

Level 2 Bupropion SRa, Sertraline, Venlafaxine XR, Citaloprama, Buspironea, Cognitive therapya

Level 3 Nortriptyline, Mirtazapine, Lithiuma, T3
a, Bupropion SR, Venlafaxine XR

Level 4 Tranylcypromine, Venlafaxine XRa, Mirtazapinea, Nortriptyline, Lithiuma, T3
a

Adapted from [17].
aNote that treatment combinations were allowed with these medications.
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Table 2. Demographic variables of patients at baseline of the STAR*D study.

Demographic Subcategory N (total)

Age (mean/SD) 39.77 12.85 2520

Gender (n: Female) 1832 2522

Marital status (n) Never married 783 2522

Living with someone 224

Married 840

Separated 163

Divorced 442

Widowed 70

Highest level of education (n) Associate degree 323 2522

College diploma 492

Doctorate 61

GED 174

High school 1047

Masters 174

None 251

Number of years in formal education (mean/SD) 13.77 3.18 2518

Current employment status (n) Unemployed not looking 506 2521

Unemployed and looking 360

Full time employed 1053

Part time employed 356

Self-employed 129

Retired or not working 117

Public insurance: medicare (n) 158 2471

Receives medicaid benefits (n) 284 2457

Private insurance (n) 1332 2465

Monthly household income (mean/SD) 2497.9 2864.64 2452

Comorbid medical illness [Cumulative Illness Rating Scale Severity Index (mean/SD)] 0.32 0.28 3809

Age at onset of first MDE (mean/SD) 25.47 14.39 3767

Number of past MDEs (mean/SD) 5.41 9.2 3287

Attempted suicide (n) 649 3950

Axis I: None (n) 2159 3808

Axis I: Deferred (n) 336 3808

Axis I: Not assessed/Not in chart (n) 398 3808

Axis I: Alcohol (n) 0 (none) 747 955

1 (abuse) 116

2 (dependence) 92

Axis I: Amphetamine (n) 0 (none) 911 937

1 (abuse) 8

2 (dependence) 18

Axis I: Cannabis (n) 0 (none) 876 941

1 (abuse) 44

2 (dependence) 21

Axis I: Opioid (n) 0 (none) 917 937

1 (abuse) 7

2 (dependence) 13

Axis I: Cocaine (n) 0 (none) 899 939

1 (abuse) 19

2 (dependence) 21

Axis I: Panic w/agoraphobia (n) 68 2666

Axis I: Panic w/o agoraphobia (n) 99 2666

Axis I: Specific phobia (n) 20 2666

Axis I: Social phobia (n) 122 2666

Axis I: Obsessive-compulsive (n) 23 2666
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mean (SD) number of past MDE’s was 5.4 (±9.2), and 649 (16.4%)
had a previous history of suicide attempt; 2074 (54.9%) had a
family history of depression and 130 (3.4%) had a family history of
suicide.
Overall, SI was relatively low. The only treatment level in which

the majority of patients had SI (i.e., suicide item score >0) at
baseline was level 4; in all other levels the majority of patients did
not have any SI at baseline (i.e., suicide item score= 0). Table 3
presents the frequency of each HRSD17 suicide item score (i.e., 0, 1,
2, 3, 4) before and after each treatment level. Mean SI decreased
across all four levels, however the absolute amount of improve-
ment was larger and more significant in the first two levels than
the last two levels, and the decrease in level 4 was not significant
(where α= 0.0125); see Fig. 1.
Please refer to Table 4 for results of the primary logistic regression

analysis. These results showed that past suicide attempts (OR 1.72,
p= 0.007), comorbid medical illness (OR= 2.23, p= 0.005), unem-
ployment with both searching for employment (OR 1.7, p= 0.04)

and not searching for employment (OR= 1.76, p= 0.02), Hawaiian
or Pacific Islander ethnicity (OR= 5.48, p= 0.045), history of
antisocial personality disorder (OR 3.52, p= 0.042), and family
history of drug abuse (OR 1.69, p= 0.008) predicted worsening SI
across level one. Longer length of education (OR= 0.91, p= 0.036),
and older age (OR= 0.99, p= 0.04) predicted lowering of SI in level
one. In level two, bupropion (OR 0.24, p < 0.001), buspirone (OR 0.24,
p= 0.001), sertraline (OR 0.36, p= 0.02), and venlafaxine (OR 0.34, p
= 0.017) treatment as well as unemployment and not searching for
employment (OR= 0.46, p= 0.0499) and family history of bipolar
disorder (OR= 0.33, p= 0.039) predicted lowering of SI. Cognitive
treatment was not associated with either worsening or lowering of
SI (OR 0.91, p= 0.77) across level two. Diagnoses of Axis I disorder
(other) (OR= 2.33, p= 0.04) and lack of Axis II diagnosis (OR= 3.66,
p= 0.045), Male gender (OR 1.92, p= 0.023), receiving Medicaid
benefits (OR= 2.46, p= 0.04) and being widowed (OR= 4.05, p=
0.043) was associated with worsening of SI across level two. When
correcting for multiple comparisons, where α= 0.0125, only past

Table 2. continued

Demographic Subcategory N (total)

Axis I: Posttraumatic stress (n) 206 2666

Axis I: Generalized anxiety (n) 223 2666

Axis I: Other (n) 51 539

Axis II: None (n) 1953 3808

Axis II: Deferred (n) 1206 3808

Axis II: Not assessed/Not in chart (n) 469 3808

Axis II: Borderline personality (n) 15 2299

Axis II: Dependent (n) 13 2298

Axis II: Antisocial personality (n) 8 2298

Axis II: Paranoid personality (n) 2 2298

Axis II: Personality disorder (n) 12 2298

Axis II: Other (n) 16 2279

Family history depression (n) 2074 3779

Family history bipolar disorder (n) 330 3772

Family history alcohol abuse (n) 1524 3780

Family history drug abuse (n) 877 3779

Family history suicide (n) 130 3773

Patient has history of psychotropic med use (n) 1135 3808

Race (n) American Indian/Alaska Native 28 3456

Asian 93

Black or AA 391

Hawaiian or Pacific islander 9

More than one 49

Unknown or not reported 3

White 2883

Note that bolded demographic variables were the benchmark variables in logistic regression analysis.

Table 3. Count of suicide item scores (HRSD17 item 3: 0–4) at baseline and endpoint across all 4 study levels.

HRSD suicide item score Level 1 Level 2 Level 3 Level 4

Baseline Endpoint Baseline Endpoint Baseline Endpoint Baseline Endpoint

0 1987 2686 615 806 141 185 38 57

1 996 620 226 125 69 61 28 20

2 660 402 168 90 37 34 13 10

3 130 68 25 22 8 6 0 2

4 11 9 2 3 1 0 0 0

Predictors of change in suicidal ideation across treatment phases of. . .
CR Weissman et al.

1296

Neuropsychopharmacology (2021) 46:1293 – 1299



suicide attempts (OR 1.72, p= 0.007), comorbid medical illness
(OR= 2.23, p= 0.005), and family history of drug abuse (OR 1.69,
p= 0.008) in level one, and bupropion (OR 0.24, p < 0.001) and
buspirone (OR 0.24, p= 0.001) treatment in level two remained
significant predictors. There was no treatment correlated with
improvement in SI in levels three and four, even when the
regression was modified to include only the medication co-variates.
When accounting for conditional nesting, higher baseline SI at the
beginning of level 1 was associated with worsening SI across level 2

(OR 1.87, p < 0.001), and higher SI at the end of level 1 was
associated with lowering of SI across level 2 (OR 0.56, p= 0.001).
Higher baseline SI at level 1 was associated with worsening of SI
across level 3 (OR 1.91, p= 0.006), while higher SI at the end of level
2 was associated with lowering of SI across level 3 (OR 0.37, p=
0.002). SI at the end of level 1 was not associated with changes in SI
across level 3. Baseline SI at level 1, and SI at the end of levels 1, 2,
and 3, were not associated with changes in SI across level 4. Please
see Supplementary Table S1 for results of parallel logistic regression
analyses with the QIDS-SR and QIDS-C scales.
Additional exploratory logistic regressions were completed.

To assess for outcomes of patients stratified by baseline level of
SI, we repeated the above analysis across level 1 with patients
separated into those with zero SI scores at baseline and those
with nonzero SI scores at baseline. In comparison with the
results from the unified sample above, additional significant co-
variates were found as follows: those with baseline zero scores
had an additional significant co-variate of Asian ethnicity (OR=
3.25, p= 0.032), and those with baseline nonzero scores had an
additional significant co-variate of family history of suicide (OR
= 6.18, p < 0.001), both predicting worsening of SI. Baseline
HRSD-16 score, at level one, did not predict presence of SI at
level 3 (OR= 1.03, p= 0.198). Baseline SI (OR 1.24, p < 0.001) and
baseline depression severity, at level one, as indexed by the
HRSD-16 (OR 1.06, p < 0.001), both independently predicted the
odds of TRD (defined as receiving level three treatment and
thereby having failed two full treatment trials). Every 1-point
increase of baseline SI increased the odds of TRD by 24%. Every
1-point increase of baseline depression score increased the odds
of TRD by 6%.
The correlation between change in SI and overall depression

(HRSD16) was weak to moderate and significant throughout all
levels of the study (level one: [N= 3758], r= 0.48, p < 0.001; level
two: [N= 1029], r= 0.38, p < 0.001; level three: [N= 251], r= 0.31,
p < 0.001; level four: [N= 77], r= 0.42, p < 0.001) (α= 0.0125).

DISCUSSION
We report outcomes on SI as indexed by the HRSD17 suicide item
in the STAR*D trial, which is the largest sample of patients with
MDD treated in a prospective clinical trial. SI decreased across all
four treatment levels. However, this decrease became smaller with
each successive level, suggesting that SI is associated with
depression treatment resistance. Also, baseline SI predicted the

Fig. 1 Change in suicide item score for all depression scales across the STAR*D study. Error bars reflect standard error. 1 denotes
significance at p < 0.001. 2 denotes significance at p < 0.0125.

Table 4. Significant predictors of suicidal ideation by treatment level.

Co-variate OR

Level 1 Length of education 0.91a

Age 0.99a

Past suicide attempts 1.72b

Comorbid medical illness 2.23b

Family history of drug abuse 1.69b

Unemployment; searching for employment 1.7a

Unemployment; not searching for employment 1.76a

Hawaiian or Pacific Islander ethnicity 5.48a

Antisocial personality disorder 3.52a

Level 2 Bupropion 0.24b

Buspirone 0.24b

Sertraline 0.36a

Venlafaxine 0.34a

Unemployment; not searching for employment 0.46a

Family history of bipolar disorder 0.33a

Axis I disorder (other) 2.33a

No Axis II diagnosis 3.66a

Male 1.92a

Medicaid benefits 2.46a

Widowed 4.05a

Level 3 N/A

Level 4 N/A

aDenotes significance at p < 0.05.
bDenotes significance at p < 0.0125.
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presence of both SI and TRD later in the study. Baseline depression
severity did not predict the presence of SI later in the study. In this
adult sample, younger age was not correlated with worsening SI.
Beyond level 2, no treatment was associated with improvement in
SI, including lithium, an agent with known anti-suicidal properties.
Change in SI and depression were correlated at all levels of the
study, but the correlations were weak-to-moderate.
This report is the first published analysis on SI outcomes in the

STAR*D trial across this entire study. Previous studies have
reported suicide-related outcomes in level one of the STAR*D.
One analysis identified baseline factors associated with previous
suicide attempts: being older, female, a higher baseline HRSD17

score, and current suicidality [22]. Zisook et al. performed a similar
analysis to ours with the suicide item of the QIDS-SR across level 1
of the STAR*D [23]. They found that male gender, being currently
treated in a psychiatric facility, and melancholic features were
associated with worsening of suicidality. Also, those whose
depression did not respond to citalopram in level 1 were more
likely to have SI at baseline and had less improvement of their SI,
and were more likely to have emergent suicidality [23]. These
results limited to level 1 are consistent with our overall findings of
an association between SI and the presence of TRD. In our study
we found that level 4 patients, i.e., those with the highest degree
of depression treatment-resistance, also had the highest propor-
tion of patients with SI at baseline. Similarly, those with SI at
baseline were more likely to develop TRD than those without SI at
baseline; this was independent from and surpassed the predictive
power of depression severity at baseline. Overall, these findings
confirm and extend existing evidence suggesting higher SI, and
potentially suicide risk, in patients with TRD than those with
nonresistant depression [5].
Numerous studies over the past few decades have raised

concerns over the potential for antidepressants to worsen suicidality
[4, 11]. This clinical issue is complex and difficult to resolve, as
different patient populations with varying illness severity take many
various antidepressants. Both randomized clinical trials and epide-
miological studies fail to capture the entirety of the clinical story in
this situation. To address these issues, and build on our results in the
future, the effects of antidepressants on suicidality should be
assessed in large, cohort-type studies in patients with MDD receiving
standardized treatment within the context of integrated care
pathways; the outcomes could be analyzed with novel techniques,
such as machine learning [25, 26]. Such studies should incorporate
measures of suicidality that are accessible, reliable and able to be
easily integrated.
This report has multiple limitations. First, while STAR*D was

designed to include patients with suicidality, the baseline level of
SI was low and the primary outcome was remission from MDD, not
SI. Also, the STAR*D study had a large sample and real-world
generalizability, but it was an outpatient study. Thus, it did not
reflect the often intense suicidality of inpatients with MDD. We
used the suicide item of the HRSD17 to assess SI, and this may
have limited our ability to detect subtle changes in suicidality.
STAR*D was a randomized study but it was not double blind,
which may have influenced depression scale ratings. Finally, our
analyses in levels 3 and 4 were limited by relatively small sample
sizes, which may explain why we did not detect a significant
suicidal-protective effect for lithium.
The findings from this report confirm that common antide-

pressants have a beneficial effect on SI in patients with MDD.
However, they appear to have less of an anti-suicidal effect in
patients with TRD. SI itself can predict poor depression treatment
response. Therefore, in patients with TRD and comorbid SI,
alternative treatments with anti-suicidal properties should be
considered early in the sequence of treatments. Structured
psychotherapies, such as cognitive behavioral therapy (CBT) and
dialectical behavior therapy (DBT) are recommended to prevent
suicide in general [11, 27], with modest effect sizes for reduction

of SI with CBT [28]. There is also evidence for DBT as a treatment
for TRD itself [29], but not as a treatment specifically for SI in TRD.
Evidence for these psychotherapy modalities mostly do not
extend to the treatment of SI in the TRD patient population at
this point. There is in fact very limited evidence to facilitate choice
of treatment in these difficult clinical situations [5]. Treatment of
TRD and comorbid SI is often guided by extenuating clinical
circumstances, and patient preference to avoid certain side
effects. Evidence suggests that ECT remains the mainstay
treatment [10, 11, 30], with lithium [6] and experimental ketamine
[9, 31] as alternatives, and other emerging, experimental
treatments such as rTMS [14], and potentially psychedelic
medicines [32] as focuses of future investigation.

FUNDING AND DISCLOSURES
ZJD has received research and equipment in-kind support for an
investigator-initiated study through Brainsway Inc and Magven-
ture Inc. His work is supported by the Canadian Institutes of Health
Research (CIHR), the National Institutes of Mental Health (NIMH),
Brain Canada and the Temerty Family and Grant Family and
through the Centre for Addiction and Mental Health (CAMH)
Foundation and the Campbell Institute. BHM holds and receives
support from the Labatt Family Chair in Biology of Depression in
Late-Life Adults at the University of Toronto. He currently receives
research support from Brain Canada, the Canadian Institutes of
Health Research, the CAMH Foundation, the Patient-Centered
Outcomes Research Institute (PCORI), the US National Institute of
Health (NIH), Capital Solution Design LLC (software used in a study
founded by CAMH Foundation), and HAPPYneuron (software used
in a study founded by Brain Canada). He directly own stocks of
General Electric (less than $5000). Within the past 3 years, he has
also received research support from Eli Lilly (medications for a
NIH-funded clinical trial) and Pfizer (medications for a NIH-funded
clinical trial). DMB receives research support from CIHR, NIH, Brain
Canada and the Temerty Family through the CAMH Foundation
and the Campbell Family Research Institute. He received research
support and in-kind equipment support for an investigator-
initiated study from Brainsway Ltd. He is the site principal
investigator for one sponsor-initiated study for Brainsway Ltd.
He also receives in-kind equipment support from Magventure for
investigator-initiated studies. He received medication supplies for
an investigator-initiated trial from Indivior. He has participated in
one advisory board meeting for Janssen. DK has received research
support from an NSERC Discovery Grant and Discovery Accelerator
Supplement, McLaughlin Centre Accelerator Grant, the University
of Toronto Connaught award, and the University of Toronto
Mississauga Research and Scholarly Activity Fund. DY has received
research support from CANSSI Postdoctoral Fellowship. CRW, IH,
and BJ report no financial relationships with commercial interests.
There was no funding specific to the design and conduct of the
study; collection, management, analysis, and interpretation of the
data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

ACKNOWLEDGEMENTS
Data and/or research tools used in the preparation of this manuscript were obtained
from the National Institute of Mental Health (NIMH) Data Archive (NDA). NDA is a
collaborative informatics system created by the National Institutes of Health to provide
a national resource to support and accelerate research in mental health. Dataset
identifier: 2148. This manuscript reflects the views of the authors and may not reflect the
opinions or views of the NIH or of the Submitters submitting original data to NDA.

AUTHOR CONTRIBUTIONS
CRW—First and primary author for manuscript. Performed relevant literature search,
and primary author responsible for planning of study, data analysis, synthesis, and

Predictors of change in suicidal ideation across treatment phases of. . .
CR Weissman et al.

1298

Neuropsychopharmacology (2021) 46:1293 – 1299



drafting and finalizing manuscript. IH—Co-second author. Primary data organization
support. Co-author essential for sorting data and planning analysis, as well as drafting
and finalizing manuscript. DY—Co-second author. Primary statistical support. Co-
author essential for extensive data analysis, synthesis and drafting and finalizing
manuscript. BJ—Co-author essential for data procurement and assisted in data
analysis, synthesis and drafting and finalizing manuscript. DK—Supervisor and
mentor of author DY. Co-author essential for data analysis, synthesis and drafting and
finalizing manuscript. BHM—Co-author assisted in data analysis, synthesis and
drafting and finalizing manuscript. DMB—Co-author assisted in data analysis,
synthesis and drafting and finalizing manuscript. ZJD—Corresponding and senior
author. Assisted in data analysis, synthesis and drafting and finalizing manuscript.
Also instrumental in designing the study.

ADDITIONAL INFORMATION
Supplementary Information accompanies this paper at (https://doi.org/10.1038/
s41386-020-00953-9).

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. World Health Organization. Preventing suicide: a global imperative. 2014.

https://www.who.int/mental_health/suicide-prevention/world_report_2014/en/.
Accessed 23 July 2020.

2. Reger MA, Stanley IH, Joiner TE. Suicide Mortality and Coronavirus Disease 2019-A
Perfect Storm? JAMA Psychiatry. 2020;77:1093–4.

3. Beautrais AL, Joyce PR, Mulder RT, Fergusson DM, Deavoll BJ, Nightingale SK.
Prevalence and comorbidity of mental disorders in persons making serious
suicide attempts: a case-control study. Am J Psychiatry. 1996;153:1009–14.

4. Mann JJ, Apter A, Bertolote J, Beautrais A, Currier D, Haas A, et al. Suicide prevention
strategies: a systematic review. JAMA. 2005;294:2064–74.

5. Bergfeld IO, Mantione M, Figee M, Schuurman PR, Lok A, Denys D. Treatment-
resistant depression and suicidality. J Affect Disord. 2018;235:362–7.

6. Cipriani A, Hawton K, Stockton S, Geddes JR. Lithium in the prevention of suicide
in mood disorders: updated systematic review and meta-analysis. BMJ. 2013;346:
f3646.

7. Meltzer HY, Alphs L, Green AI, Altamura AC, Anand R, Bertoldi A, et al. Clozapine
treatment for suicidality in schizophrenia: International Suicide Prevention Trial
(InterSePT). Arch Gen Psychiatry. 2003;60:82–91.

8. Williams NR, Heifets BD, Bentzley BS, Blasey C, Sudheimer KD, Hawkins J, et al.
Attenuation of antidepressant and antisuicidal effects of ketamine by opioid
receptor antagonism. Mol Psychiatry. 2019;24:1779–86.

9. Witt K, Potts J, Hubers A, Grunebaum MF, Murrough JW, Loo C, et al. Ketamine for
suicidal ideation in adults with psychiatric disorders: A systematic review and
meta-analysis of treatment trials. Aust N. Z J Psychiatry. 2020;54:29–45.

10. Kellner CH, Fink M, Knapp R, Petrides G, Husain M, Rummans T, et al. Relief of
expressed suicidal intent by ECT: a consortium for research in ECT study. Am J
Psychiatry. 2005;162:977–82.

11. Zalsman G, Hawton K, Wasserman D, van Heeringen K, Arensman E, Sarchiapone
M, et al. Suicide prevention strategies revisited: 10-year systematic review. Lancet
Psychiatry. 2016;3:646–59.

12. Weissman CR, Blumberger DM, Brown PE, Isserles M, Rajji TK, Downar J, et al.
Bilateral repetitive transcranial magnetic stimulation decreases suicidal ideation
in depression. J Clin Psychiatry. 2018;79:e1–e6.

13. Bozzay ML, Primack J, Barredo J, Philip NS. Transcranial magnetic stimulation to reduce
suicidality—a review and naturalistic outcomes. J Psychiatr Res. 2020;125:106–12.

14. Serafini G, Canepa G, Aguglia A, Amerio A, Bianchi D, Magnani L, et al. Effects of
repetitive transcranial magnetic stimulation on suicidal behavior: a systematic
review. Prog Neuropsychopharmacol Biol Psychiatry. 2020;105:109981.

15. Stone M, Laughren T, Jones ML, Levenson M, Holland PC, Hughes A, et al. Risk of
suicidality in clinical trials of antidepressants in adults: analysis of proprietary data
submitted to US Food and Drug Administration. BMJ. 2009;339:b2880.

16. Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA, Warden D, Ritz L, et al.
Evaluation of outcomes with citalopram for depression using measurement-based
care in STAR*D: implications for clinical practice. Am J Psychiatry. 2006;163:28–40.

17. Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA, Stewart JW, Warden D, et al.
Acute and longer-term outcomes in depressed outpatients requiring one or
several treatment steps: a STAR*D report. Am J Psychiatry. 2006;163:1905–17.

18. Sinyor M, Schaffer A, Levitt A. The sequenced treatment alternatives to relieve
depression (STAR*D) trial: a review. Can J Psychiatry. 2010;55:126–35.

19. Nock MK, Borges G, Bromet EJ, Alonso J, Angermeyer M, Beautrais A, et al. Cross-
national prevalence and risk factors for suicidal ideation, plans and attempts. Br J
Psychiatry. 2008;192:98–105.

20. Klonsky ED, May AM, Saffer BY. Suicide, suicide attempts, and suicidal ideation.
Annu Rev Clin Psychol. 2016;12:307–30.

21. Coupland C, Hill T, Morriss R, Arthur A, Moore M, Hippisley-Cox J. Antidepressant
use and risk of suicide and attempted suicide or self harm in people aged 20 to
64: cohort study using a primary care database. BMJ. 2015;350:h517.

22. Claassen CA, Trivedi MH, Rush AJ, Husain MM, Zisook S, Young E, et al. Clinical
differences among depressed patients with and without a history of suicide
attempts: findings from the STAR*D trial. J Affect Disord. 2007;97:77–84.

23. Zisook S, Trivedi MH, Warden D, Lebowitz B, Thase ME, Stewart JW, et al. Clinical
correlates of the worsening or emergence of suicidal ideation during SSRI
treatment of depression: an examination of citalopram in the STAR*D study. J
Affect Disord. 2009;117:63–73.

24. Desseilles M, Perroud N, Guillaume S, Jaussent I, Genty C, Malafosse A, et al. Is it
valid to measure suicidal ideation by depression rating scales? J Affect Disord.
2012;136:398–404.

25. Pigoni A, Delvecchio G, Madonna D, Bressi C, Soares J, Brambilla P. Can machine
learning help us in dealing with treatment resistant depression? a review. J Affect
Disord. 2019;259:21–6.

26. Dwyer DB, Falkai P, Koutsouleris N. Machine learning approaches for clinical
psychology and psychiatry. Annu Rev Clin Psychol. 2018;14:91–118.

27. Mendez-Bustos P, Calati R, Rubio-Ramirez F, Olie E, Courtet P, Lopez-Castroman J.
Effectiveness of psychotherapy on suicidal risk: a systematic review of observa-
tional studies. Front Psychol. 2019;10:277.

28. Leavey K, Hawkins R. Is cognitive behavioural therapy effective in reducing
suicidal ideation and behaviour when delivered face-to-face or via e-health? a
systematic review and meta-analysis. Cogn Behav Ther. 2017;46:353–74.

29. Harley R, Sprich S, Safren S, Jacobo M, Fava M. Adaptation of dialectical behavior
therapy skills training group for treatment-resistant depression. J Nerv Ment Dis.
2008;196:136–43.

30. Fink M, Kellner CH, McCall WV. The role of ECT in suicide prevention. J Ect.
2014;30:5–9.

31. Larkin GL, Beautrais AL. A preliminary naturalistic study of low-dose ketamine
for depression and suicide ideation in the emergency department. Int J
Neuropsychopharmacol. 2011;14:1127–31.

32. Zeifman RJ, Singhal N, Dos Santos RG, Sanches RF, de Lima Osorio F, Hallak JEC,
et al. Rapid and sustained decreases in suicidality following a single dose of
ayahuasca among individuals with recurrent major depressive disorder: results
from an open-label trial. Psychopharmacology. 2020.

Predictors of change in suicidal ideation across treatment phases of. . .
CR Weissman et al.

1299

Neuropsychopharmacology (2021) 46:1293 – 1299

https://doi.org/10.1038/s41386-020-00953-9
https://doi.org/10.1038/s41386-020-00953-9
https://www.who.int/mental_health/suicide-prevention/world_report_2014/en/

	Predictors of change in suicidal ideation across treatment�phases of major depressive disorder: analysis�of�the�STAR*D�data
	Introduction
	Materials and methods
	Overall design
	Participants
	Treatments by level
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Funding and disclosures
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




