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Simulation

To illustrate the effect of subgrouping based on averaged intensive longitudinal data, we simulated data for

cases of high-risk psychiatric patients (patient 1 & patient 2) with suicidal ideations (M = -0.23, σ = 2.9, root mean

square of successive differences, RSSD = 2.6; Figure 1A). Suicidal ideations were assessed with EMA that was

simulated for five prompts a day for 20 days resulting in 100 prompts in total (response rate 100%). The summaries

are identical (Figure 1B) and a cross-sectional statistical approach such as latent profile analysis would classify these

cases as having the same profile. However, considering their time course with a dynamically different unfolding

over time (Figure 1A) they should be grouped in different groups as the clinically different profiles of SI represent

in one case a chronic, in the other an episodic case of SI. While prior research based on such an approach (Kleiman

et al., 2018; Spangenberg et al., 2023) advances our understanding, conclusions may be limited as longitudinal EMA

data were summarized into person-level means and variances for the cross-sectional analysis. Summary estimates

of temporal data remove valuable information, and a resulting model can estimate classes that improperly

discriminate cases based on a mean and variance. For example, an individual reporting a stable level of SI followed

by a period of high variability would be classified the same as an individual who has a similar mean but a lower

variance that is consistent across time (Figure 1). The distinction between such two cases could be critical for

predicting future suicidal ideation and for the selection of the best treatment option (Rudd, 2006). Here, we suggest

an alternative approach that considers raw temporal trajectories and discriminates between these example cases.
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Figure 1. Simulation of trajectories with identical summary statistics. (A) We simulated two example trajectories
of suicidal ideations (SI) over time with identical means (M = -0.23), variances (variance = 2.9), percent responded
(100%), and root mean square of successive differences (RMSSD = 2.6). (B) The summaries are identical and a cross-
sectional statistical approach such as latent profile analysis would classify these cases as having the same profile.
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Assessed for eligibility 
between July. 2019 – Nov. 2020 

(N = 1,095)  

Included in the study
(N = 88)

Completed baseline (N = 72)

Dropout before or during baseline (N = 16)
- Declined further participation (n = 2)

- Left the clinic before the assessment (n = 8)

- Participated in other research study (n = 1)
- Physician decided against pat ient ’s participation (n = 1)

- Baseline assessment was not completed (n = 4)

Excluded (N = 1,007)
- Already participated (n = 3)

- Did not meet eligibility criteria (n = 355)

    - no STB (n = 54)
    - not sufficient German language skills (n = 75)

    - not within the age range (n = 32)
    - no smartphone (n = 22)

    - lef t Zurich area (n = 7)

    - not an inpatient (n = 3)
    - ongoing treatment in another facility (n = 27)

    - psychotic (n = 13)
    - mental retardation (n = 9)

    - other (i.e., awol, ECT, no asylum granted, prison status, crisis intervention) (n = 13)

    - not specified (n = 100)
- Declined part icipation (n = 118)

- Assigned to another research study (n = 221)
- Treating clinician deemed patient unf it  (n = 21)

- Treating clinician did not respond (n = 95)

- Discharged before the study could be presented (n = 187)
- other (n = 7)

STROBE flow chart

Identification

Inclusion

Analysis

Follow-up
Completed follow-up

(N = 46)

Analyzed (N = 51)
Excluded from analysis (N = 7)

Baseline

Dropout after baseline (N = 4)
- Declined further participation (n = 3)

- Technical issues (n = 1)

EMA
Did not complete EMA phase (N = 14)
- Declined further participation (n = 5)

- Technical issues (n = 6)

- Readmission (n = 1)
- Left for vacation (n = 1)

- Unclear (n = 1)

Dropout before follow-up (N = 22)
- Declined further participation (n = 6)

- Not reachable (n = 12)

- Questionnaire returned empty (n = 2)
- Readmission (n = 2)

Completed EMA (N = 58)

Figure 2. Recruitment flow chart. We screened 1,095 patients, of whom 88 were deemed eligible and thus gave
written informed consent. Recruitment concluded before reaching the target sample size of 100 participants due to
the termination of funding. Of the total 88 who consented, 16 had to be excluded or dropped out already before
the baseline assessment and another four after the baseline assessment for various reasons including declining to
participate in the study and leaving the hospital before the baseline assessment could be done. For a comprehensive
overview, we also present the number of participants who completed the EMA phase (n = 58) along with the reasons
for non-completion. There were 22 participants that were lost to follow-up, leaving 46 participants who completed
the follow-up assessment.
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Figure 3. SIMON study design. The study consisted of three different parts: (1) the baseline assessment, (2) 4 weeks of
ecological momentary assessment and passive sensing data collection via smartphone, and (3) a one-month follow-
up. (1) The baseline assessment entailed an assessment with the Mini International Neuropsychiatric Interview, a
short videotaped semi-structured qualitative interview, self-rating questionnaires that evaluated relevant psycho-
logical variables, and the installation of the smartphone applications on the participant’s phone. (2) After hospital
discharge, the in-house developed app was used for collecting self-report data according to a pre-defined ecological
momentary assessment protocol, while the AWARE app was used to collect smartphone sensor data. (3) The one-
month follow-up assessment entailed self-rating questionnaires that evaluated relevant psychological variables and
questionnaires about the user experience with the app. Study participation was reimbursed with up to CHF 120.
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Figure 4. Suicidal ideation trajectories. The line plots show the development of suicidal ideation (SI) over time
with time on the x-axis and the severity of SI on the y-axis. The time series is depicted for each of the 51 subjects
individually.
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Figure 5. Longitudinal clustering: Grouping cases. Graphical depiction of Fréchet distances and means between
two temporal trajectories P and Q (red and blue) with a different number of measurement occasions, where black
lines indicate distance after reparameterization while the violet function provides the Fréchet means (adapted from
(Genolini et al., 2016). Longitudinal clusteringmakes use of Fréchet distances (Frechet, 1906; Eiter andMannila, 1994)
by computing discrete Fréchet distances between the cases’ nearest measurement occasions to assess the similarity
of the time series.
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Analyses

Replication of prior work

First, we used latent profile analysis (LPA) with the same indices as Kleiman and colleagues (2018) to

quantify patterns of within-subjects SI: (1) Mean scores across the SI items (i.e., average severity of SI), (2)

within-subject SDs of SI score (i.e., average within-subject variability of SI), (3) the maximum SI score (i.e., the

greatest SI severity during assessment), (4) the percent of nonzero SI prompts (i.e., the relative frequency of SI), and

(5) the root mean square of successive differences (i.e., the average magnitude of change from one measurement

occasion to the next). To identify the best profile solution, we used the following model fit indices: Bayesian

information criterion (BIC), which takes into account the number of model parameters, entropy, a measure of

classification uncertainty (Celeux & Soromenho, 1996), and the bootstrapped k-1 likelihood ratio test (bLRT) that

compares a model with the current number (k) of profiles to one with one fewer (k-1) to decide whether precision

is improved by the addition of a profile. The best profile solution is indicated by the lowest BIC, largest entropy,

and a significant k-1 test.



SUICIDAL IDEATION SUBGROUPS 11

2100

2150

2200

2250

2300

2 4 6 8
K models of 1:8 classes

A
IC

, B
IC

, a
nd

 C
IA

C

Figure 6. Latent profile analysis model fit. Using the same latent profile analysis approach as Kleiman and colleagues
(Kleiman et al., 2018), we found that the best class solution consisted of four groups indicated by the sudden drop
in three model fit indices: Aikake information criterion (AIC), Bayesian information criterion (BIC), and Consistent
Aikake information criterion (CAIC).

The best fit to the data was a four-class solution in our LPA (BIC = 2,101.62, entropy = 0.98, bLRT = 33.76, P

< .01; Supplementary Figure 5, Supplementary Table 1). The four subgroups were characterized based on mean SI

severity and variability (Supplementary figure 6): (1) high mean, high volatility, and high maximum (23.53%, “high

SI, high volatility” group), (2) low mean, low volatility, and high maximum (35.29%, “Low SI, low variability”

group), (3) lowest mean, lowest volatility, and lowest maximum (11.76%, “lowest SI, lowest volatility” group), and

(4) highest mean, highest volatility, and highest maximum (11.76%, “highest SI, highest volatility” group).
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Figure 7 . Latent profile analysis results. The line plot shows the development of suicidal ideation (SI) over time
with time on the x-axis and the severity of SI on the y-axis. The time series is depicted for each of the 51 subjects
individually. Colors indicate class membership and are chosen to showwhich subgroupsmatch the ones identified by
Kleiman and colleagues (2018) while different shades of color represent that subgroups shared only similar properties.
We found four SI subgroups using the same latent profile analysis approach as a previous study (Kleiman et al.,
2018). These subgroups overlapped with previously identified subgroups such that LPA Group 1 was similar to
Kleiman and colleagues’ subgroup 3 (characterized by moderate mean and high variability), LPA Group 2 overlapped
with subgroup 3 (characterized by moderate mean and high variability), LPA Group 3 overlapped with subgroup 1
(characterized by low mean and low variability), and LPA Group 4 overlapped with subgroup 4 (characterized by
high mean and low variability).
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Supplementary Table 1

Summary of analysis results for latent profile analysis

Table 1

Estimated class N SI mean SI SD SI RMSSD Maximum SI Response %

5 LPA Group 1 12.00 146.56 78.57 84.64 316.67 29.40

6 LPA Group 2 18.00 95.15 44.85 47.98 204.44 35.95

7 LPA Group 3 15.00 20.89 19.85 24.12 87.47 39.86

8 LPA Group 4 6.00 290.89 100.28 114.86 386.33 23.57

Note. LPAC, latent profile analysis; N, number of subjects; Response %, percent of prompts for

which a nonzero score on SI was reported; RMSSD, root mean square of successive

differences; SD, standard deviation; SI, suicidal ideation.

We identified two risk factors that were significantly related to the subgroups (Supplementary figure 7).

LPA Group 1 (“high SI, high volatility”) comprised moderately hopeless individuals (beta = 0.14, 95% CI = 0.06, 0.22,

P = 0, corrected P = 0) compared with the other groups, while LPA Group 2 (“Low SI, low variability”) comprised

individuals who exhibited less hopelessness (beta = -0.15, 95% CI = -0.25, -0.05, P = 0.004, corrected P = 0) compared

with the other groups. LPA Group 3 (“lowest SI, lowest volatility”) comprised individuals who were least

hopelessness (beta = -0.55, 95% CI = -0.65, -0.45, P < .001, corrected P < .001), while LPA Group 4 (“highest SI,

highest volatility”) comprised individuals who were most severely hopelessness (beta = 1.21, 95% CI = 1.06, 1.36, P

< .001, corrected P < .001) and had prior suicidal ideation (BSS total score: beta = 1.37, 95% CI = 0.23, 2.51, P = 0.021,

corrected P = 0).
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Figure 8. Latent profile analysis: Association of suicidal ideation (SI) subgroups with risk factors. The dot plots show
the results of (A) the linear regressions of the continuous risk factors and (B) the logistic regressions of the categorical
risk factors. The beta coefficients with their 95%-confidence interval resulted from the regression analyses that
assessed the association between the SI subgroups retrieved from the latent profile analysis to common risk factors
(Franklin et al., 2016).
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Figure 9. Longitudinal clustering results: Association of suicidal ideation subgroups with common correlates. The dot
plots show the results of (A) the linear regressions of the continuous risk factors and (B) the logistic regressions of the
categorical risk factors. The beta coefficients with their 95%-confidence interval resulted from the regression analyses
that assessed the association between the suicidal ideation subgroups retrieved from the longitudinal clustering to
common correlates (Franklin et al., 2016).
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Figure 10. Comparison between participants recruited before and during the COVID-19 pandemic. The boxplot
shows the distribution of suicidal ideation (SI) severity in individuals recruited and measured before the COVID-19
pandemic (red) and during (green). There was no statistically significant difference between at-risk individuals in
terms of severity of SI.
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Supplementary table 2

SIMon study questionnaires.
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Note. References for Supplementary Table 2 (Beck et al., 1996; Bernstein, 1998; Bodenmann et al., 2019;

Buysse et al., 1989; Chu et al., 2018; Fraley et al., 2000; Gross & John, 2003; Hallensleben et al., 2016; Kliem et al.,

2017; Klinitzke et al., 2011; Kroenke et al., 2001; Krüger-Gottschalk et al., 2017; Löwe et al., 2004; Nichols et al.,

1983; Ribeiro et al., 2014; Schwarzer, 1999; Schwarzer & Jerusalem, 2003; Snyder et al., 1996; Spangenberg et al.,

2016; Stoyanov et al., 2016; Van Orden et al., 2012; Watson et al., 1988; Weathers et al., 2013)
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Supplementary table 3

SIMon study EMA items.
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Note. References for Supplementary Table 3 (Betella & Verschure, 2016; Espie et al., 2014; Forkmann et al.,

2018; Gadassi et al., 2016; Hallensleben et al., 2019; Kleiman et al., 2017; Kroenke et al., 2003; Laurenceau et al.,

1998; Ryon & Gleason, 2014; Wilhelm & Schoebi, 2007)
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Supplementary table 4

Regression results for ‘suicidal ideation’

Parameter Coefficient SE 95% CI t(19) p

(Intercept) -0.35 0.35 (-1.09, 0.39) -0.99 0.336

longClass (2) -0.14 0.59 (-1.37, 1.09) -0.24 0.813

longClass (3) 0.31 0.52 (-0.78, 1.40) 0.60 0.553

longClass (4) 1.12 0.52 (0.03, 2.21) 2.15 0.045
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Supplementary table 5

Regression results for ‘hopelessness’

Parameter Coefficient SE 95% CI t(2365) p

(Intercept) 0.29 0.04 (0.21, 0.37) 7.19 < .001

longClass (2) -0.80 0.05 (-0.90, -0.70) -15.42 < .001

longClass (3) -0.39 0.05 (-0.50, -0.29) -7.43 < .001

longClass (4) 0.48 0.06 (0.36, 0.60) 8.04 < .001
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Supplementary table 6

Regression results for ‘history of trauma’

Parameter Coefficient SE 95% CI t(27) p

(Intercept) -0.53 0.32 (-1.20, 0.13) -1.64 0.113

longClass (2) 0.59 0.47 (-0.38, 1.56) 1.25 0.222

longClass (3) 0.66 0.49 (-0.35, 1.66) 1.34 0.193

longClass (4) 1.02 0.49 (0.02, 2.03) 2.09 0.047
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Supplementary table 7

Regression results for ‘stressful life events’

Parameter Coefficient SE 95% CI t(26) p

(Intercept) 0.29 0.29 (-0.31, 0.89) 0.99 0.334

longClass (2) -0.67 0.43 (-1.54, 0.21) -1.56 0.131

longClass (3) -1.05 0.46 (-2.00, -0.10) -2.27 0.032

longClass (4) 0.43 0.44 (-0.48, 1.34) 0.96 0.345
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Supplementary table 8

Regression results for ‘history of suicide attempts’

Parameter Log-Odds SE 95% CI z p

(Intercept) 0.51 0.73 (-0.89, 2.10) 0.70 0.484

longClass (2) -0.51 1.02 (-2.59, 1.48) -0.50 0.615

longClass (3) 0.41 1.11 (-1.77, 2.74) 0.37 0.715

longClass (4) 1.28 1.30 (-1.10, 4.46) 0.98 0.326
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Supplementary table 9

Regression results for ‘diagnosis of depression’

Parameter Log-Odds SE 95% CI z p

(Intercept) 0.59 0.56 (-0.48, 1.77) 1.05 0.292

longClass (2) 0.33 0.81 (-1.27, 1.98) 0.40 0.686

longClass (3) -0.12 0.80 (-1.71, 1.47) -0.15 0.883

longClass (4) 0.80 0.97 (-1.02, 2.93) 0.83 0.409



SUICIDAL IDEATION SUBGROUPS 33

Supplementary table 10

Regression results for ‘diagnosis of anxiety disorder’

Parameter Log-Odds SE 95% CI z p

(Intercept) 0.59 0.56 (-0.48, 1.77) 1.05 0.292

longClass (2) -0.30 0.78 (-1.86, 1.23) -0.39 0.699

longClass (3) -1.15 0.84 (-2.88, 0.46) -1.37 0.171

longClass (4) 0.80 0.97 (-1.02, 2.93) 0.83 0.409
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