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Abstract

Background
Suicide is a signi�cant public health concern with increasing prevalence. Novel interventions that reduce stigma and increase accessibility, such as therapist-
supported digital mental health interventions, are urgently needed.

Methods
This preregistered retrospective cohort, single-arm, and intent-to-treat study with 778 patients examined suicidal ideation (SI) trajectories using multilevel
models during and up to 6-months after an 12-week therapist-supported digital mental health intervention (Meru Health Program [MHP]) as assessed by the
ninth item of the Patient Health Questionnaire-9 (PHQ-9). Estimates of associated suicide attempts and deaths by suicide were calculated using published
data linking PHQ-9-assessed SI to records of suicide attempts and deaths by suicide.

Results
MHP participants reporting SI “not at all” signi�cantly increased between baseline and end-of-treatment (78.02–91.00%). Effect sizes of SI changes between
baseline and end-of-treatment, 3-month, and 6-month follow-ups were 0.33 (95%CI=0.27-0.38), 0.32 (95%CI=0.27-0.38), and 0.32 (95%CI=0.27-0.438),
respectively. Results also indicated an estimated 30.49% reduction (95%CI=25.15%-35.13%) in suicide attempts and death by suicide across treatment.

Conclusion
This real-world study provides preliminary evidence that participants of the MHP show signi�cant reductions in SI and estimated suicide attempts and deaths
by suicide across treatment that are maintained 6-months following treatment. The next steps are to conduct a randomized control trial to con�rm these
results.

Introduction
Suicide is a signi�cant global health concern (1) that is a leading cause of death in the United States. In 2019, nearly 50,000 died by suicide, representing
about one death every 11 minutes (2). Unfortunately, there has been little improvement in the prevention of suicidal thoughts and behaviors over the past 50
years (3, 4). This is particularly concerning given that recent data indicate that suicidal behaviors and mortality may be on the rise (5–9). In addition to the
human cost of suicide attempts and death by suicide, there are signi�cant secondary societal and economic impacts, which totaled $93.5 billion dollars in the
United States in 2013 (10). Increasing rates of suicidal behaviors, signi�cant barriers to treatment, and insu�cient number of mental healthcare providers (11)
in traditional therapeutic settings demonstrate the need for scalable mental health treatments that have the ability to reduce suicidality and associated costs.

It is estimated that 4.8% of the United States population reported past-year serious suicidal ideation (SI) in 2019 (12), while the global lifetime prevalence of SI
is estimated to be 9.2% (13). Importantly, SI is a strong predictor of future suicide behaviors (14), such that an estimated 12.5% (12) to 29% (14) of those with
SI end up attempting to die by suicide. Risk for SI is not evenly distributed across the population and varies by demographic and clinical factors. For example,
females experience SI at higher rates than their male counterparts (5, 13, 15), while LBGTQ individuals have higher rates than their heteronormative peers (16,
17). Furthermore, SI is strati�ed by age, such that it decreases throughout the lifespan (13, 15), as well as by race and ethnicity, such that minority groups
experience higher rates of SI as compared to Caucasian individuals (18). Lastly, mental health disorders signi�cantly increase risk for self-injurious thoughts
and behaviors (SITB) (14, 19), with SI being a common symptom of major depressive disorder that impacts an estimated 17 million US adults (20).

The Patient Health Questionnaire-9 (PHQ-9) is a commonly used self-report questionnaire to assess depressive symptoms within the past two weeks. The 9th
item evaluates SITB by asking, “In the last 2 weeks, how often have you been bothered by thoughts that you would be better off dead, or of hurting yourself,”
and is frequently used to screen for depression and suicide risk. This item is a robust predictor of suicide attempts and death by suicide among primary care
and mental health outpatients (21–26), although some research indicates that this item may not be a su�cient screen for SI (27–29). Speci�cally, these
studies have identi�ed that compared to those without SI, those experiencing almost daily SI are 5-8 times more likely to attempt suicide and 3-11 times more
likely to die by suicide within 30 days, while they are 2-4 times more likely to attempt suicide and 2-6 times more likely to die by suicide within a year. Strikingly,
it is estimated that only 44% of people experiencing SI and 61% of those that have attempted suicide seek mental health treatment (15, 18). It has been
proposed that these low rates of treatment uptake in general are likely due to various barriers to treatment, including not knowing where to seek treatment,
inability to get an appointment, treatment costs, transportation, and scheduling issues (30). Therefore, there is a need for novel interventions that reduce
barriers to treatment, decrease costs, and increase scalability to reduce SI, suicide attempts, and suicide-related morbidity and mortality.

Digital mental health (DMH) interventions offer one possible solution to address rising mental health complications. Prior research has repeatedly
demonstrated the e�cacy of these types of interventions across various disorders (31, 32). DMH interventions also provide one avenue for scalability by
lowering the barriers to treatment in order to reach larger proportions of the populations (15, 18), including treatment access in a more cost-effective manner
(33), stigma, and ameliorating expected shortages of behavioral health providers (11, 34, 35). Currently, nascent research indicates that these interventions
may be useful in reducing SITB (36–40), yet there is a lack of research indicating whether DMH interventions are associated with reductions not only in SI, but
also estimated suicide attempts and death by suicide. This retrospective cohort intent-to-treat (ITT) study, preregistered on Open Science Framework
(https://osf.io/eug8w/) with open code, was devised to examine associations between participation in the Meru Health Program (MHP), an evidence-based
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digital mental health intervention, and associated changes in SI across the course of treatment. Furthermore, this study will estimate reductions in suicide
attempts and deaths by suicide over the course of treatment and through the follow-up assessments based on recent data (22). First, we hypothesized that
treatment week would be negatively associated with SI, with signi�cant reductions in SI from pre-treatment to post-treatment and both 3- and 6-month follow-
ups. Second, we hypothesized that there would be signi�cant reductions in estimated suicide attempts and estimated deaths by suicide from pre-treatment to
post-treatment and both 3- and 6-month follow-ups.

Methods And Materials
Participants.

The present study included patients treated with the MHP, an evidence-based therapist-supported DMH intervention. In the United States, Meru Health operates
a professional corporation in California and Florida and has been treating patients since 2018. In the present study, all data came from recruited participants
in the United States who started the program on or after January 1, 2020 and an end date on or before December 1, 2020. We used June 1, 2021 as a cut-off to
allow for inclusion of patients able to complete the 12-week treatment program and have a 6-month follow-up in our dataset (i.e., time since December 1,
2020). Participants were 778 patients, aged 19-63 (see Table 1).

Table 1
Meru Health Program Participant Demographic and Clinical Characteristics

Variable N Percentage Mean (SD), Range

Age 778   40 (11.2), 19-82

Sex      

Female 600 77.12%  

Male 177 22.75%  

Other 1 0.13%  

Baseline PHQ-8 Severity 218   11.1 (5.9)

Less than Mild 117 15.04%  

Mild 222 28.53%  

Moderate 187 24.04%  

Moderately Severe 182 23.39%  

Severe 70 9.00%  

MDEs      

None 376 48.33%  

First 114 14.65%  

Recurrent 288 37.02%  

Taking Psychiatric Medication      

Yes 334 44.22%  

No 434 55.78%  

Lifetime Suicide Attempt      

Yes 35 4.50%  

No 743 95.50%  

Lifetime Psychiatric Hospitalization      

Yes 39 5.01%  

No 739 94.99%  

Lifetime History of Major Traumatic Event Exposure      

Yes 327 42.03%  

No 435 55.91%  

Unknown 16 2.06%  

Notes: MDE = Major Depressive Episode; PHQ = Patient Health Questionnaire

Symptom severity is measured by baseline PHQ-8 score as follows: less than mild=0-4, mild=5-9, moderate=10-14, moderately severe=15-19, severe=20+.
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Recruitment.

Participants entered the MHP via referrals from employee assistance programs or via their healthcare providers. All enrolled patients signed informed consent
to participate and to have their collected and deidenti�ed data used for research purposes. Inclusion/exclusion criteria of the MHP required patients to have at
least mild levels of depression, anxiety, or burnout, own a smartphone, and not have an active substance use disorder, severe active suicidal ideation with a
speci�c plan, severe active self-harm, or a history of psychosis or mania.

All patients enrolled signed informed consent to participate and have their collected, de-identi�ed data used for research purposes. Data collected as part of
care is stored in Health Insurance Portability and Accountability Act-compliant electronic medical records that includes protected health information. All data
are encrypted in transit, and at rest. Institutional review board exemption for this analysis was obtained from the Pearl Institutional Review Board (#21-Meru-
113) for analyses of previously collected and de-identi�ed data.

Meru Health Program (MHP) Treatment.

After the informed consent procedure, patients were enrolled in the MHP. Created in 2017, the MHP has been described in detail in prior publications (41, 42). In
sum, the MHP is composed of several different evidence-based components or processes of evidence-based therapies delivered via a smartphone app. The
program is self-guided but incorporates a stepped and continuous care model that includes daily interaction with a dedicated, licensed clinical therapist and a
medical doctor and psychiatrist available for consultation as needed. The program lasts 12 weeks and contains components of Cognitive Behavioral Therapy
(43), Behavioral Activation Therapy (44), and Mindfulness-Based Stress Reduction (45), and Mindfulness-Based Cognitive Therapy (46), sleep therapy (47),
nutritional psychiatry components (48), heart rate variability biofeedback (49).

Prior to the start of the MHP, participants are trained on how to use the app, including how to participate in the anonymous group interaction and how to
communicate with their assigned therapist via chat or phone/video calls. Each week of the program begins with an introductory video that gives the patient an
overview of the topics covered that week. Patients are prompted to complete various practices, mostly CBT exercises and journal prompts, as well as short
audio-guided mindfulness meditation exercises on a daily or almost daily basis. Daily content and practices range from 5-15 minutes, except for the �rst day
of each week, in which the weekly psychoeducation video lessons extend the content to a maximum of 25 minutes.

A licensed therapist (employed by Meru Health) provides support to participants via messaging (and less frequently, phone or video calls) as needed, and
reviews practice logs using a provider “dashboard” and electronic medical records that detail individual progress (including participant engagement and
patient-reported outcomes to date). In total, therapists allocate approximately 10-20 minutes (on average) per week per participant. Interaction between
therapist and participant can be initiated via either party.

As a safety measure, therapists conduct a phone-based protocol assessment for any participants that show signs of mental deterioration during the
intervention. In case of an emergency, such as having SI with intent to act or onset of psychotic symptoms, the intervention includes a written action plan for
declining mental health, which all participants are required to review with their therapist prior to engaging with the intervention. In these situations, the care
coordination-therapist team at Meru Health will help connect the patient to immediate and local care outside of the program, however, a psychiatrist employed
by Meru Health is available for consultation in these situations as well.

Patients complete the MHP as a cohort of typically 8-15 patients. As such, cohorts can interact anonymously when sharing their practice experiences, such as
providing and receiving support and feedback on their experiences as they navigate the MHP. Direct communication between participants, however, is not
allowed. Instead, participants can post anonymous re�ections on practices and lessons to the chat discussion board, to which their therapist can respond
freely, and to which other group members can respond with pre-written empathy statements and/or emoticons.

Measures. All measures examined in this study were collected in the MHP app at baseline (before the start of the MHP), biweekly during the MHP including at
end-of-treatment, and via email at 3- and 6-month post-treatment.

Patient Health Questionnaire- (PHQ-9). Participants completed the PHQ-9 in order to calculate PHQ-8 depressive symptoms and to assess SI with the 9th item.
The PHQ-8 is comprised of all PHQ-9 items, except for the 9th item on SI, and is a list of eight depressive symptoms with response options ranging from 0 (not
at all) to 3 (nearly every day). Each symptom is assessed with the stem question, “Over the last 2 weeks, how often have you been bothered by any of the
following problems?” The PHQ-9 is a widely used instrument used to screen for depression (50). We used the �rst 8 items of the PHQ-9 to calculate the PHQ-8,
which assessed purely depressive symptoms without the last PHQ-9 item that assesses SI (51). We coded treatment baseline PHQ-8 symptoms using
categories established for the PHQ-9 with the 9th item removed as None/Minimal (0-4), Mild (5–9), Moderate (10–14), Moderately Severe (15–19), and Severe
(20–24) to assess baseline depression severity, with knowledge that this method could lead to a slightly lower proportion of patients categorized as having
moderately severe or severe depression (51).

The primary outcome of interest is the last item of the PHQ-9 to assess suicidal ideation. This item asks whether participants have experienced, “Thoughts
that you would be better off dead, or thoughts of hurting yourself in some way?” on a scale from 0- not at all, 1- Several days, 2- More than half the days, 3-
Nearly every day.

Calculation of Reduction in Lives Lost. We used risk data from Rossom et al. (2017) (23) to calculate estimated reductions in suicide attempts and death by
suicide. Based on these �ndings for 0 (not at all) there is a 0.40% of suicide attempt and 0.03% of suicide death risk, 1 (several days) there is a 1.60% of
suicide attempt and 0.12% of suicide death risk, 2 (more than half the days) there is a 2.80% of suicide attempt and 0.21% of suicide death risk, and for 3
(nearly every day) there is a 4.00% of suicide attempt and 0.30% for suicide death risk.
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Covariates. Participant age, sex, program engagement as measured by the number of days active each two week period during the 12 week program, severity
category of PHQ-8 assessed depressive symptoms, number of self-reported lifetime major depressive episodes (none, �rst episode, or recurrent), lifetime
suicide attempts (self-reported), lifetime prior psychiatric hospitalization (self-reported), lifetime exposure to a major traumatic event (self-reported), and
current psychotropic medication use (self-reported) were used as covariates.

Statistical Analysis.
All statistical analyses were conducted with RStudio, Version 1.3.959. The study was preregistered on Open Science Framework (https://osf.io/eug8w/).
Statistical signi�cance was de�ned using 95% con�dence intervals and p-values. Exploratory analyses including histograms as well as skew and kurtosis
statistics were run for each variable to check for normality and any variable that then had a skew of +/- 2 was log transformed, except for the PHQ-9 item 9
(skew = 3.81). Descriptive statistics (i.e., n and percentages or mean and standard deviations) were calculated for each patient demographic and clinical
variable (see Table 1). Outcome measures were analyzed using an intention-to-treat (ITT) analysis in which all participants with outcome measures at
baseline were included, regardless of intervention engagement or attrition. Approximately 12.7% of data were missing from the �nal sample (note this study
used ITT, so we included all treatment weeks 0-12 and 3- and 6-month follow-up data as missing for participants that dropped out). To assess whether data
were missing completely at random (MCAR) we performed a parametric (p < 0.001) test using the Naniar package (52). Despite that data were not MCAR,
based on recent recommendations (53, 54), in order to account for missing data, we performed multiple imputation (10 imputations) using the mice package
(55) (see Supplemental Material for missing data by variable and treatment week).

First, we examined the impact of treatment week on SI by conducting a multilevel model (MLM) that nested treatment week (Level-1) within individuals (Level-
2) across a linear model and Poisson and negative binomial models to account for the skewed distribution of PHQ-9 Item 9 response (skew=3.81). We used
used the lme4 package (56) for linear and negative binomial models and the glmmTMB package (57) for the Poisson model. Fixed effects including
covariates were tested at the level of participants (Level-2). This statistical approach accounts for dependency within participants and introduces less bias
due to missing data compared to traditional statistical analyses, such as repeated measures of analysis of variance (58–60). We tested concurrent
associations between treatment week and SI during the same week (Level-1).

Second, we used ggstatsplot package (61) to conduct a nonparametric Friedman Test, an alternative to a repeated measures ANOVA for nonnormal data, to
determine whether there were signi�cant reductions in SI between pre-treatment and post-treatment, 3-month, and 6-month follow-ups. We then used the
rstatix package (62) to conduct nonparametric paired samples Wilcoxon Test contrasts that were corrected for multiple comparisons using the Holm Method
(63) to determine whether there was a signi�cant reduction in between pre-treatment and post-treatment, 3-month, and 6-month follow-ups.

Third, we performed frequency statistics on the response options of the last item of the PHQ-9 at pre-treatment and post-treatment to calculate count and
percentage of participants in each response option group. We then used suicide attempt and death by suicide data from Rossom et al., (2017) (23) to
calculate estimated suicide attempts and death by suicide at pre-treatment, post-treatment, 3-month, and 6-month follow-ups. The percent reduction in suicide
attempts and death by suicide at post-treatment timepoints was calculated with the following equation: (pre-treatment percent - post-treatment percent)/pre-
treatment percent*100. We used the equation 1/(pre-treatment percent-post-treatment percent) to calculate the number needed to treat (NNT) for both suicide
attempts and deaths by suicide outcomes.

Results

Demographic and Clinical Characteristics
Table 1 presents demographic and clinical characteristics for patients who entered the MHP in 2020 (N=778). The majority of patients were female (77.12%)
with an average age of 40. The mean baseline PHQ-8 was 11.1, which falls into the moderate range of symptom severity. Just under half of the sample
(44.22%) reported taking psychiatric medication, while 42.03% reported a past traumatic event exposure. Finally, most participants (95.22%) had never
attempted suicide or had a psychiatric hospitalization (94.99%).

Changes In Suicidal Ideation
The proportion of MHP participants reporting SI “not at all” signi�cantly increased between baseline (pre-MHP) and end-of-treatment (78.02–91.00%, see
Table 2). Conversely, there was a signi�cant decline in reported suicidal ideation during treatment that was maintained at 3- and 6-month follow-ups (Figure
1). Effect sizes of SI changes between baseline and end-of-treatment, baseline and 3-month, and baseline and 6-month follow-ups were Hedge’s g=0.33
(95%CI=0.27-0.38), Hedge’s g=0.32 (95%CI=0.27-0.38), and Hedge’s g=0.32 (95%CI=0.27-0.38), respectively, indicating a moderate effect size. The signi�cant
declines in SI remained after adjusting for demographic and clinical characteristics across linear (β=-0.110, p<0.001), Poisson (log mean=-0.158, p<0.001),
and negative binomial (log-mean=-0.158, p<0.001) models (Table 3). The trajectories of SI by depressive symptom severity appeared to be steepest in the �rst
few weeks of treatment and then tapered off towards the end-of-treatment and continued to be stable over the 3-and 6-month follow-up assessments for each
of the severity groups (see Figure 2 for individual and pre-treatment symptom severity group trajectories). Individual participant depressive symptom
trajectories are displayed in Supplementary Figure S1.
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Table 2
Suicidal Ideation Across Meru Health Program Treatment and Follow-Up

Suicidal Ideation Baseline Frequency (%) End-of-Treatment

Frequency (%)

3 Month

Follow-Up

Frequency (%)

6 Month Follow-Up

Frequency (%)

0 (not at all) 607 (78.02%) 708 (91.00%) 717 (92.16%) 724 (93.06%)

1 (several days) 127 (16.32%) 63 (8.10%) 58 (7.46%) 53 (6.81%)

2 (more than half the days) 33 (4.24%) 6 (0.77%) 2 (0.26%) 1 (0.13%)

3 (nearly every day) 11 (1.41%) 1 (0.13%) 1 (0.13%) 0 (0.00%)

Mean (SD) 0.29 (0.61) 0.10 (0.34) 0.08 (0.30) 0.07 (0.26)

Effect Size   0.34 (0.27, 0.41) 0.34 (0.27. 0.41) 0.36 (0.29, 0.43)

Notes: SD=standard deviation. Suicidal ideation over the last 2 weeks is measured by the ninth item of the Patient Health Questionnaire-9 item (PHQ-9),
with 0=not at all, 1=several days, 2=more than half the days, and 3=nearly every day.
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Table 3
Adjusted Associations of Changes in Suicidal Ideation Across Meru Health Program Treatment

  Linear Model Poisson Model Negative Binomial Model

Predictors Standardized
Beta

Standardized
SE

Standardized

CI

P-
Value

Log-
Mean

SE CI P-
Value

Log-
Mean

SE CI

(Intercept) -0.321 0.062 -0.442 –
 -0.201

<0.001 -4.197 0.481 -5.140 –
 -3.255

<0.001 -4.197 0.560 -5.
 -3

Treatment
Week

-0.110 0.013 -0.137 –
 -0.084

<0.001 -0.158 0.022 -0.201 –
 -0.114

<0.001 -0.158 0.013 -0.
 -0

Sex- Male 0.087 0.055 -0.020 –
 0.194

0.111 0.259 0.171 -0.076 –
 0.594

0.130 0.259 0.177 -0.

Sex- Other -0.620 0.631 -1.857 –
 0.617

0.326 -15.901 2063.644 -4060.570 –
 

4028.767

0.994 -22.229 65819.200 -12
 

12

Age -0.045 0.023 -0.090 –
 0.001

0.054 -0.016 0.006 -0.028 –
 -0.003

0.014 -0.016 0.007 -0.
 -0

Average Days
Active Weekly

-0.098 0.012 -0.122 –
 -0.075

<0.001 -0.047 0.010 -0.066 –
 -0.028

<0.001 -0.047 0.010 -0.
 -0

Single MDE 0.121 0.069 -0.014 –
 0.256

0.078 0.472 0.233 0.014 –
 0.929

0.043 0.472 0.249 -0.

Recurrent MDE 0.205 0.055 0.097 –
 0.312

<0.001 0.871 0.176 0.527 –
 1.216

<0.001 0.871 0.185 0.5

Lifetime
Psychiatric
Hospitalization-
Yes

0.433 0.116 0.206 –
 0.660

<0.001 0.563 0.290 -0.006 –
 1.132

0.053 0.563 0.290 -0.

Lifetime
Suicide
Attempt-Yes

-0.005 0.123 -0.245 –
 0.235

0.967 -0.090 0.314 -0.706 –
 0.526

0.774 -0.090 0.316 -0.

Lifetime Major
Traumatic
Event
Exposure-
Unknown

-0.018 0.162 -0.337 –
 0.300

0.910 0.151 0.427 -0.687 –
 0.988

0.724 0.151 0.434 -0.

Lifetime Major
Traumatic
Event
Exposure-Yes

-0.015 0.048 -0.110 –
 0.080

0.753 0.152 0.154 -0.149 –
 0.453

0.322 0.152 0.160 -0.

Baseline PHQ-8
Symptom
Severity- Mild

0.012 0.068 -0.121 –
 0.145

0.864 1.049 0.437 0.193 –
 1.905

0.016 1.049 0.533 0.0

Baseline PHQ-8
Symptom
Severity-
Moderate

0.131 0.072 -0.010 –
 0.272

0.068 2.010 0.424 1.178 –
 2.841

<0.001 2.010 0.515 1.0

Baseline PHQ-8
Symptom
Severity-
Moderately
Severe

0.420 0.075 0.272 –
 0.567

<0.001 2.797 0.420 1.975 –
 3.620

<0.001 2.797 0.509 1.8

Baseline PHQ-8
Symptom
Severity- Severe

0.579 0.099 0.386 –
 0.773

<0.001 3.210 0.441 2.344 –
 4.075

<0.001 3.210 0.526 2.1

Taking
Psychotropic
Medication

0.022 0.034 -0.045 –
 0.089

0.519 0.005 0.114 -0.219 –
 0.229

0.967 0.005 0.118 -0.

Marginal R2 /
Conditional R2

0.108 / 0.536 0.289 / 0.540 0.313 / 0.556

Notes: CI=con�dence interval, MDE = Major Depressive Episode, PHQ = Patient Health Questionnaire, SE=standard error. Symptom severity is measured by ba
follows: less than mild=0-4, mild=5-9, moderate=10-14, moderately severe=15-19, severe=2

Correlates Of Changes In Suicidal Ideation
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Signi�cant correlates of change in SI across all models included average days of weekly activity (-), having a history of recurrent major depressive episodes
versus no lifetime major depressive episodes (+), and having either moderately severe or severe baseline depressive symptoms versus less than mild
depressive symptoms (+). Other signi�cant correlates included age (- in Poisson and negative binomial models only), having a single episode of major
depressive episode versus no lifetime major depressive episodes (+ in the Poisson model only), having a history of a psychiatric hospitalization (+ in the linear
model only), and mild or moderate depressive symptom severity versus less than mild depressive symptoms (+ in Poisson and negative binomial models
only).

Estimates Of Change In Suicide Attempts And Deaths
Suicide attempt estimates fell from 0.75–0.52% from pre- to post-treatment and further declined to 0.50% and 0.49% at 3- and 6-month follow-up. For death by
suicide, estimates reduced from 0.033–0.003% between pre-and post-treatment that were maintained at 3- and 6-month follow-ups (0.003% and 0.0003%,
respectively). These represent a 30.49% reduction (95%CI=25.15%-35.13%) in estimates of both suicide attempts and death by suicide between pre- and post-
treatment. Extrapolating �ndings to number needed to treat (NNT) estimates for end-of-treatment, analyses revealed that one suicide attempt would be
prevented for every 438 participants enrolled in the MHP and one death by suicide would be prevented for every 5841 participants enrolled in the MHP.

Discussion
The current preregistered retrospective cohort, single arm, ITT study was devised to investigate whether SI reduced during and following participation in the
MHP among 778 patients. In addition, the study aimed to estimate reductions in suicide attempts and deaths by suicide among this sample. Overall, this
study shows preliminary effectiveness and feasibility of improving SI among patients who participate in a therapist-supported, evidence-based program
delivered via a smartphone app.

Our preregistered a priori hypotheses were supported by our �ndings. First, across linear, Poisson, and negative binomial MLM models, treatment week was
associated with signi�cant decreases in SI across treatment over and above pre-treatment depression symptom severity as well as relevant demographic and
clinical characteristics, indicating a robust treatment associated reduction in symptoms across patients. In addition to treatment week effects, these models
revealed that a history of MDE, particularly recurrent history of MDE, was associated with higher SI across treatment and that higher pre-treatment depression
symptom severity was associated with greater SI as would be expected. In addition, in Poisson and negative binomial models, older age was associated with
lower SI, which coincides with �ndings that SI tends to have a negative association with age (64). The number of days patients engaged with therapy each
week was also associated with lower rates of SI, which coincides with recent research indicating that twice vs once weekly therapy sessions is more effective
at reducing depressive symptoms and attrition (65). This �nding suggests mHealth interventions that prioritize frequent practice of psychotherapy skills may
be particularly useful in lowering symptoms of depression, including SI. In contrast to expected results, a history of suicide attempt and psychiatric
hospitalization were not signi�cantly associated with SI, except for the latter in linear models, which did not �t the data as well as Poisson and negative
binomial models (see Table S1).

Results also indicated that there was a signi�cant overall reduction in SI from pre-treatment to post-treatment, which was maintained at both 3- and 6-month
follow-ups, indicating a robust and long-lasting association between treatment on SI trajectories across time. Importantly, while SI continued to decrease from
post-treatment to 3- and 6-month follow-ups, there was no signi�cant decrease, possibly due to a �oor effect. Finally, there was a greater than 30% decrease in
both estimated suicide attempts and deaths by suicide during the 12-week MHP intervention. The estimated NNT of 438 and 5,841 for attempts and deaths,
respectively, suggests that enrollment in the MHP may be a potential suicide prevention strategy.

Limitations And Future Directions
While this study had a number of signi�cant strengths including a large sample size of patients with a diverse history of psychiatric and clinical
characteristics with an ITT study design, the study �ndings should be interpreted in light of several limitations. Most of these limitations related to the use of
real-world data collected as part of continuous improvement of a mHealth intervention. First, due to its availability within the treatment program, our SI
measure was the 9th item of the PHQ-9 rather than a validated instrument. Although the 9th item of the PHQ-9 has been shown to be a robust predictor of
suicidal behavior in study populations (21–26), some research indicates that this item may not be a su�cient screen for SI (28). Furthermore, the predictive
ability of the 9th item of the PHQ-9 may vary by demographic and clinical characteristics (29) so it might be a limited predictor of individual-level suicide (27).
Future studies should collect gold-standard assessments of SITB (66, 67). Second, estimated reduction in suicide attempts and death (23) are based on
recently published associations between SI and these outcomes rather than actual data on attempts and deaths by suicide. Future studies that collect
longitudinal follow-up data to assess actual rates of suicide attempts and death are needed to better understand these associations. Lastly, this analysis of
clinical data collected in a real-world setting precluded the comparison of �ndings to a control group. Because SI tends to wax and wane, we cannot be sure
that patients in our study would not have improved on their own without treatment. Future blinded randomized control trials are required to test the MHP head-
to-head against other evidence-based in-person and digitally delivered intervention to determine whether these �ndings hold true as compared to more
standard types of care.

Conclusion
Suicide attempts and death by suicide are signi�cant global health concerns associated not only with the human cost, but also signi�cant secondary societal
and economic impacts. There has been little improvement in the prevention of SI in the past 50 years despite SI being a robust predictor of future risk of both
suicide attempts and associated deaths. There is a pressing need for novel interventions that reduce barriers to treatment, decrease costs, and increase



Page 9/13

scalability in order to reduce these suicide outcomes. As such, this real-world ITT study indicates that participants of the MHP, an evidence-based stepped care
mHealth intervention, show signi�cant reductions in SI, as well as estimates of suicide attempts and deaths by suicide, across treatment that are maintained
at 3- and 6-month follow-ups.
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Figures

Figure 1

Suicidal Ideation Over the Course of Treatment and Through Follow-up

NOTES: Suicidal ideation over the last 2 weeks is measured by the ninth item of the Patient Health Questionnaire-9 item (PHQ-9), with 0=not at all, 1=several
days, 2=more than half the days, and 3=nearly every day. Non-signi�cant Wilcoxon Test comparisons for changes in suicidal ideation are not shown. That is,
there were no signi�cant differences between end-of-treatment and 3-month follow-up, between end-of-treatment and 6-month follow-up, or between 3-month
and 6-month follow-up.



Page 13/13

Figure 2

Suicidal Ideation over Treatment and Follow-up Week by Baseline Depressive Symptom Severity

NOTES: Suicidal ideation over the last 2 weeks is measured by the ninth item of the Patient Health Questionnaire-9 item (PHQ-9), with 0=not at all, 1=several
days, 2=more than half the days, and 3=nearly every day. Treatment week 0 is the pre-treatment (baseline) assessment. Treatment week 12 is the end-of-
treatment assessment. Treatment week 25 is the 3-month follow-up assessment. Treatment week 38 is the 6-month follow-up assessment. Symptom severity
is measured by baseline PHQ-8 score as follows: less than mild=0-4, mild=5-9, moderate=10-14, moderately severe=15-19, severe=20+. Light lines are
individual trajectories and dark lines are pre-treatment symptom severity group trajectories.
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