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Abstract

A better understanding of suicidal ideation (SI), including patterns of SI, may help elucidate links 

between depression, SI, and suicidal behavior. This study sought to identify trajectories of SI in a 

large, community-based clinical trial of participants with major depressive disorder (MDD) and to 

investigate the relationships between these trajectories and predictors of interest, including anxiety 

and anhedonia. A longitudinal latent class analysis was conducted in 3923 participants enrolled 

in Level 1 of the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study of 

citalopram for the treatment of MDD. An unconditional latent class analysis was conducted using 

SI at study weeks 0, 2, 4, 6, and 9 as the indicators. A multinomial regression was then conducted 

with SI trajectory as the outcome and anhedonia, severity of depressive symptoms, atypical 

depression, anxiety, history of suicide attempt, history of substance abuse, history of trauma, and 

other covariates as the predictors. Four SI trajectories were identified: 1) variable SI; 2) little-to-no 
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SI; 3) persistent SI; and 4) improving SI. Compared to the little-to-no SI trajectory, those with 

more severe anhedonia were more likely to experience persistent SI, while those with more severe 

anxiety were more likely to experience improving SI. Factors that distinguish SI trajectories, such 

as anxiety and anhedonia, may be critical targets for intervention or profiles for prognosis.
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Introduction

In 2019, more than 47,000 individuals died by suicide in the United States, representing 

a suicide rate of 13.9 per 100,000 individuals (Hedegaard et al., 2021). While both 

suicidal ideation (SI) and behavior are transdiagnostic in nature, depression remains one 

of the most commonly reported underlying mental health conditions associated with these 

phenomena (Bachmann, 2018). Despite a clear association between various risks factors

—like depression—with SI and suicidal behavior, it remains difficult for mental health 

professionals to predict the likelihood of suicide in any particular clinical case.

A better understanding of SI—including patterns of SI such as improvement, persistence, 

or emergence—may help elucidate the link between depression, SI, and suicidal behavior, 

and potentially help guide treatment. Previous research on SI trajectories has often focused 

on large public health datasets, particularly with regard to how suicidal thinking alters 

over the course of development in adolescent populations. More recent research in adults 

has explored how shorter-term SI trajectories, such as during a clinical trial or inpatient 

psychiatric hospitalization, may be related to various risk factors and future suicidal 

behavior. Such research has suggested that SI trajectories may be distinct from those of 

non-suicidal depressive symptoms (Batterham et al., 2019), which may help predict future 

suicide attempts (Lee et al., 2020). The research also suggests that SI trajectories may 

be associated with certain demographic and clinical characteristics, like previous suicide 

attempt, help-seeking behavior, and severity of mood symptoms (Kasckow et al., 2016; 

Kyron et al., 2019; Madsen et al., 2019; Madsen et al., 2016).

This study sought to explore SI trajectories in the Sequenced Treatment Alternatives to 

Relieve Depression (STAR*D) study, one of the largest community-based treatment trials 

for major depressive disorder (MDD) ever conducted in the United States. The STAR*D 

study followed roughly 4,000 study participants from 41 sites around the country, including 

specialty care and primary medical care settings. Previous STAR*D studies investigated the 

time course, risk factors, and predictors of improvement or worsening of SI (Coughlin et 

al., 2016; Trivedi et al., 2013; Weissman et al., 2021; Zisook et al., 2009), but no latent 

trajectory analyses for SI have been conducted.

The aims of this analysis were two-fold: (1) to investigate whether specific SI trajectories 

could be identified in the STAR*D study through latent class analysis, and (2) to explore 

whether SI trajectories were associated with certain predictors of interest, including previous 

suicide attempt, severity of depressive symptoms, anxiety, and anhedonia, among other 
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variables. Based on previous research, the first study hypothesis was that five types of SI 

trajectories would be identified among participants during the first treatment phase (Level 

1) of the STAR*D study, in which all participants received the selective serotonin reuptake 

inhibitor (SSRI) citalopram: 1) individuals with little-to-no SI; 2) individuals with improving 

SI; 3) individuals with persistent SI; 4) individuals with emerging SI (no SI at baseline, 

but SI reported during study period); and 5) individuals with variable or fluctuating SI. 

The second study hypothesis was that predictors of interest would be associated with more 

severe SI trajectories, particularly persistent SI. Because the latent class analysis does not 

impose any parametric assumptions about time and uses data from time points across 

the study period, it can provide a more nuanced description of SI trajectories, including 

those characterized by high variability, than more commonly-used methods. In addition, 

applying such an analysis to a large, community-based, and more deeply phenotyped sample 

population is relatively rare in the suicide literature.

Material and Methods

Participants

De-identified data for this secondary data analysis were taken from Level 1 of the STAR*D 

study. The original study (NCT00021528) was approved by the institutional review boards 

of the 41 participating study sites, and participants provided written informed consent. The 

design and details of the STAR*D study have been discussed in detail elsewhere (Rush et al., 

2006). Briefly, the study included 4,041 outpatients with unipolar non-psychotic MDD, aged 

18–75 years. Participants with current SI were included in the original study if they could 

be clinically managed in an outpatient setting. All participants in Level 1 received the SSRI 

citalopram for at least eight weeks and up to a total of 14 weeks.

Measures

Quick Inventory of Depressive Symptomatology–Clinician-Rated (QIDS-C): The 

QIDS-C is a clinician-administered, 16-item rating scale of depressive symptoms. The 

suicide item of the scale (item 12) has the following response categories: “Does not think of 

suicide or death” (0), “Feels life is empty or not worth living” (1); “Thinks of suicide/death 

several times a week for several minutes” (2); and “Thinks of suicide/death several times 

a day in depth, or has made specific plans for or attempted suicide” (3). The rating scale 

also includes items regarding sleep-onset insomnia (item 1), mid-nocturnal insomnia (item 

2), early-morning insomnia (item 3), and anhedonia (item 13), similarly rated on a scale of 

0–3, with higher scores representing greater severity of symptoms. A total QIDS-C score 

of overall depressive symptomology is reported on a scale of 0–27. For this analysis, the 

suicide item rating was subtracted from the total score to provide a measure of non-suicidal 

depressive severity. The QIDS-C was administered at baseline (week 0) and at weeks 2, 4, 6, 

9, 12, and 14.

Inventory of Depressive Symptomatology–Clinician Rating (IDS): The IDS is 

a 30-item, unabbreviated version of the QIDS-C that provides additional information 

on depressive symptoms, including symptoms of atypical depression. Previous STAR*D 

findings defined atypical depression based on threshold rating criteria of specific IDS items 
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for mood reactivity, leaden paralysis, weight gain/increased appetite, hypersomnia, and 

interpersonal sensitivity (Novick et al., 2005; Stewart et al., 2010).

CIRS (Cumulative Illness Rating Scale): The CIRS is a multi-item, clinician-rated 

scale of medical disease burden or comorbidity covering 14 areas of health relating to 

major organ systems or other health aspects, including cardiac, renal, and neurologic 

systems. These health areas are rated on a 5-point scale (1-no impairment to organ/system; 

5-impairment is life threatening). Though originally validated for use in older adults, the 

CIRS has also been used in general adult populations (Hudon et al., 2005). For this analysis, 

the rating for psychological health was subtracted from the total score to provide a baseline 

measure of medical disease burden.

Psychiatric Diagnostic Screening Questionnaire (PDSQ): The PDSQ is a self-

report measure comprising 126 yes-or-no questions covering major Axis 1 psychiatric 

disorders. The PDSQ was administered at study entry. For this analysis, a sum of the 10 

anxiety items of the generalized anxiety disorder subscale was computed as a measure of 

anxiety (scale=0–10).

STAR*D Screening Forms: Screening forms were completed at study entry. Age, 

gender, and history of suicide attempt were collected from the study screening form. History 

of substance abuse, diagnosis of personality disorder, and history of trauma exposure were 

extracted from the psychiatric history form. Additional demographic data, including race, 

ethnicity, and socio-economic status, were not available at the participant level for this 

de-identified dataset.

Statistical Analysis

A three-step longitudinal latent class analysis was used to identify SI trajectories over 

the study period as well as the relationships between these trajectories and predictors of 

interest (Asparouhov and Muthén, 2014). SI was dichotomized (QIDS-C item 12 score 

of 0 versus score >0) to allow for the best chance of model convergence. Step 1 of the 

analysis determined a best-fit latent class model using SI at weeks 0, 2, 4, 6, and 9 as 

the indicators without additional covariates (an unconditional model). Because the original 

STAR*D study design allowed participants to stop citalopram at study week 8, and because 

some participants were missing data, this analysis was restricted to the first nine weeks 

of the study period. Residual missingness was accounted for using a maximum likelihood 

approach with a missing at random assumption. In Step 2, each participant’s most likely 

class and associated measurement error were calculated. In Step 3, a multinomial regression 

was employed using the parameters obtained from Step 2 and with SI trajectories (latent 

class) as the outcome variable and the following baseline predictor variables: age, gender, 

sleep-onset insomnia, mid-nocturnal insomnia, early-morning insomnia, anhedonia, severity 

of depressive symptoms, atypical depression, anxiety, history of suicide attempt, history of 

substance abuse, history of trauma, and medical disease burden. Covariates were selected 

a priori based on previous research and hypothesized relationships with SI trajectories 

(Kasckow et al., 2016; Kyron et al., 2019; Madsen et al., 2019; Madsen et al., 2016). 

Because handling of missing covariate data is still an active area of research in latent 
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class analyses, a complete case analysis was performed. Two-tailed t-tests and chi-square 

tests were used to compare complete cases and those with missing covariate data. As an 

additional sensitivity analysis, the Step 3 regression was rerun including only individuals 

with at least two SI measurement timepoints. Mplus version 8.6 was used for all analyses 

(Muthén and Muthén, 2017). Further information regarding the statistical analysis and 

missing data can be found in the Supplemental Methods.

Results

In total, 3,923 participants (97.1% of all participants enrolled) had at least one QIDS-C 

measurement reported during the nine-week study interval and were included in Step 1 of 

the unconditional latent class analysis to determine SI trajectories. Of these, 3,022 (77.0%) 

had no missing covariate data and were included in the Step 3 regression analysis comparing 

SI trajectories. Among these participants, mean age was 41.05 years, 62% were female, and 

62.4% reported SI at baseline (Table 1). No statistically significant differences in baseline 

demographic or clinical characteristics were observed between the complete cases and those 

missing covariate data.

Based on goodness-of-fit statistics and other diagnostic criteria, class interpretability, and 

our theoretical understanding of SI trajectories from prior research, a four-class model 

was chosen (Supplemental Table S1). The classes were interpreted as follows: Class 1: 

fluctuating or variable SI trajectory (membership probability=.076); Class 2: little-to-no SI 

trajectory (membership probability=.460); Class 3: persistent SI trajectory (membership 

probability=.222); and Class 4: improving SI trajectory (membership probability=.242) 

(Table 2A, Figure 1, Supplemental Table S2).

Multinomial regression results comparing predictors of interest across classes are listed in 

Table 2B; the little-to-no SI trajectory (which had the largest number of participants) served 

as the reference group. No statistically significant differences were observed between the 

little-to-no SI trajectory and the fluctuating/variable SI trajectory.

After controlling for other covariates, a 45% increase was observed in the odds of 

a persistent SI trajectory per one point increase on the four-point anhedonia scale 

of the QIDS-C (conditional odds ratio (COR)=1.454, 95%CI=1.164–1.816) compared 

to the little-to-no SI trajectory group. In addition, the odds of a persistent SI 

trajectory was lower for females (COR=0.442, 95%CI=0.340–0.574) but greater for 

older participants (COR=1.018, 95%CI=1.005–1.030), those with more severe depressive 

symptoms (COR=1.16, 95%CI=1.101–1.232), and those with a history of suicide attempt 

(COR=3.153, 95%CI=2.279–4.362).

After controlling for other covariates, an 8% increase was observed in the odds of an 

improving SI trajectory per one point increase on the 10-point anxiety scale of the 

PDSQ (COR=1.075, 95%CI=1.004–1.151) compared to the little-to-no SI trajectory. In 

addition, the odds of an improving SI trajectory was greater for those with more severe 

depressive symptoms (COR=1.168, 95%CI=1.070–1.275) and a higher medical disease 

burden (COR=1.063, 95%CI=1.003–1.127) but lower for older participants (COR=0.982, 
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95%CI=0.965–0.999) and those with more severe mid-nocturnal insomnia (COR=0.815, 

95%CI=0.688–0.965).

Substantially similar results were obtained for the additional sensitivity analysis, which only 

included participants with at least two SI measurement timepoints in the Step 3 regression 

(Supplemental Table S3).

Discussion

This secondary analysis of Level 1 data from the STAR*D treatment trial identified four 

SI trajectories over the nine-week interval studied: a variable SI trajectory, a little-to-no 

SI trajectory, a persistent SI trajectory, and an improving SI trajectory. Compared to those 

with a little-to-no SI trajectory, those with more severe anhedonia were more likely to 

experience persistent SI, and those with more severe anxiety were more likely to experience 

SI improvement.

Regarding the first hypothesis, the SI trajectories identified by this analysis are similar to 

those found in other studies and were close to those hypothesized, including the finding 

of a variable SI trajectory (Batterham et al., 2019; Kasckow et al., 2016; Kyron et al., 

2019; Lee et al., 2020; Madsen et al., 2019). Notably, no emerging SI trajectory was 

observed, as hypothesized and as previously identified in a STAR*D analysis (Zisook et al., 

2009). However, our analytic technique purposefully imposed no assumptions regarding the 

relationship between SI and time so that a variability group could be detected if it existed. 

Thus, it is possible that those with emerging SI were misclassified into other SI trajectories 

in this analysis or, conversely, that previous studies misclassified or over-estimated the 

proportion of those with emerging SI due to parametric or other analytic assumptions.

Regarding the second hypothesis, well-established suicide risk factors included in the 

analysis—for instance, history of suicide attempt and greater severity of depressive 

symptoms—were associated with more severe SI trajectories, as expected. Interestingly, 

higher medical disease burden was associated with an improving—but not persistent—SI 

trajectory. However, the effect was modest, and research related to antidepressant treatment 

response in those with medical comorbidities is mixed (Iosifescu et al., 2003; Papakostas et 

al., 2003; Small et al., 1996). Regarding the findings for anxiety, it should be noted that all 

participants in this study received citalopram; it is thus possible that the anxiolytic effects 

of this medication led to improvements in SI in participants with higher baseline anxiety 

levels. Previous population-based research observed a link between anxiety and SI, as well 

as suicidal behavior, independent of the effects of depression or other psychiatric conditions 

(Capron et al., 2012; Sareen et al., 2005). Similarly, pharmacologic and non-pharmacologic 

clinical trials have demonstrated that anxiety may be an effective target for reducing SI, 

thus suggesting that decreasing high levels of anxiety can have subsequent anti-suicidal 

effects (Ballard et al., 2014; Schmidt et al., 2017). In contrast, few effective treatment 

options exist for anhedonia, which has also been identified as a feature of treatment-resistant 

depression and a risk factor for suicidal behavior; in this context, anhedonia may be a target 

for newer agents, such as ketamine and deep brain stimulation, or for anhedonia-focused 
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psychotherapy interventions (Craske et al., 2016; Fawcett et al., 1990; Lally et al., 2014; 

Schlaepfer et al., 2008).

As regards predictors of interest, no statistically significant differences were noted between 

participants with a variable SI trajectory and those with a little-to-no SI trajectory. 

Interestingly, previous studies suggested that SI variability may better predict history of 

suicidal behavior than SI intensity or duration (Witte et al., 2005), and a large, recent, 

community-based analysis of the association between SI variability and future suicidal 

behavior produced similar results (Bloomfield-Clagett et al., submitted). The absence of 

findings for the variable SI trajectory in this analysis may be due to the relatively smaller 

size of this sample in the STAR*D dataset. Further studies are warranted to investigate how 

those with SI variability, a potential indicator of suicidal behavior, may differ from those 

with other SI trajectories.

This analysis had several limitations. First, although the original study included a large 

sample size and real-world conditions, it was not designed to answer the specific research 

questions presented here; thus, the findings should be considered preliminary and interpreted 

with caution. Second, SI outcome was dichotomized in order to complete the analysis; 

consequently, it was not possible to identify severe to moderate or mild trajectories of 

worsening SI or SI improvement. Third, no agreed-upon threshold exists for entropy 

in a latent class analysis. However, the entropy for all possible models was relatively 

low, suggesting significant uncertainty in class membership for some participants and 

classes. Although the regression analysis returned significant results even after taking this 

uncertainty into account, this may be another reason for the lack of findings in the variable 

SI group. Finally, the sample comprised adults with MDD enrolled in an SSRI treatment 

trial, and the findings may not be generalizable beyond this group. However, a substantial 

proportion of individuals with depression and SI entering treatment would likely receive an 

SSRI first.

In summary, this secondary analysis of a large, community-based SSRI treatment trial of 

participants with MDD found multiple classes of SI trajectories that differed based on 

well-established risk factors, such as history of suicide attempt and severity of depressive 

symptoms, as well as more novel factors, such as anxiety and anhedonia. All these variables 

may present targets for intervention or profiles for prognosis. Further studies are warranted 

to reproduce the above findings and to investigate associations between SI trajectories and 

more distal outcomes, such as suicidal behavior.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Latent Class Trajectories of Suicidal Ideation in Level 1 of the Sequenced Treatment 
Alternatives to Relieve Depression (STAR*D) Study.
Probability of suicidal ideation (SI) (Quick Inventory of Depressive Symptomatology—

Clinician-administered (QIDS-C) item 12 score > 0) by study week (0, 2, 4, 6, and 9) for 

each latent class (class 1: variable SI trajectory; class 2: little-to-no SI trajectory; class 3: 

persistent SI trajectory; class 4: improving SI trajectory)
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