
Statistical Analysis Plan 
 
The SPRING Trial: Comparing Suicide Prevention Interventions to 
Guide Follow-up Care 
Comparing the Effectiveness of Two-Way Caring Contacts Texts vs One-Way 
Caring Contacts Texts vs Enhanced Usual Care to Reduce Suicidal Behavior in 
Youth and Adults Screening At-Risk for Suicide in Primary Care or Behavioral 
Health Clinics: The SPRING Trial 
 
Principal Investigator 
Anna Radin, DrPH, MPH, Applied Research Scientist, St. Luke’s Health System; 
208-381-8468; radina@slhs.org 
 
Statistical Analysis Plan prepared by:  
Siobhan Brown, PhD (University of Washington) 
Version 1.0, January 12, 2024 
Version 2.0, February 27, 2025 
 

  



1 INTRODUCTION 

Suicide is a leading cause of death in the United States; Idaho’s suicide rate is consistently 

among the top ten nationally, and in 2020 was the fifth highest in the US, 72% higher than 

the national average.1 The American Foundation for Suicide Prevention (AFSP) has called for 

research to identify effective interventions that, if implemented at scale, could reduce suicide 

deaths by 20% by 2025.5 Caring Contacts is one of the few evidence-based interventions 

shown to reduce suicide deaths,2,3 and it is feasible to implement at scale, including in 

rural and low-resource settings.4-6 The Caring Contacts model involves sending brief, non-

demanding expressions of care to suicidal individuals, to let them know that they are being 

thought of and as a gentle reminder that help is available if needed. The first Caring Contacts 

efficacy trial randomized patients with recent suicide attempts who refused ongoing care to 

receive either typed caring letters or no further contact. In other randomized controlled 

trials, Caring Contacts have proven effective when delivered by post cards,7,8 and more 

recently, two-way text messages.9 A recent trial of text message-based Caring Contacts 

found that compared to usual care, Caring Contacts were associated with lower odds of 

experiencing any suicidal ideation since baseline and lower odds of suicide attempt. 

2 SPECIFIC AIMS 

•  Aim 1: Measure the effectiveness of augmenting best available usual care with two-

way Caring Contacts text messages (CC2) and one-way Caring Contacts texts (CC1) 

compared to best available usual care alone (UC) for preventing suicidal behavior. 

o Aim 1 Hypothesis: We hypothesize under the alternative that CC2 and CC1 

are more effective than usual care. 

 

• Aim 2: Determine whether CC1 are noninferior to CC2 for preventing suicidal 

behavior. 



o Aim 2 Hypothesis: We hypothesize under the null that CC1 are inferior to 

CC2. 

 

• Aim 3: Describe the feasibility of implementing CC2 and CC1 in partnership with a 

state crisis and suicide prevention hotline. 

o Hypothesis: CC2 will require more resources than CC1 but both will be 

acceptable and feasible to deliver through a state crisis and suicide hotline. 

3 DESIGN 

3.1 The proposed study is a pragmatic randomized controlled trial with participants assigned to 

one of three intervention arms: two-way caring text messages (CC2), one-way caring text 

messages (CC1), and best available usual care alone (UC). Randomization will occur at the 

individual level and will be stratified by age (12-17 vs 18+ years). Participants will be 

randomized in a 1:1:1 ratio to one of the three intervention arms. Randomization will 

occur prior to enrollment during the informed consent process so that participants can see 

the intervention arm to which they were randomized before they decide whether to enroll 

in the study, but remain masked to the other treatment conditions. This trial will be single 

masked, with most members of the study team including the senior statistician masked to 

aggregate data by treatment arm. Masking interventionists or participants to the assigned 

intervention is not feasible due to the nature of the intervention. 

 

3.2 Power & Sample Size 

Because the study is designed to assess both the effectiveness of Caring Contacts as compared 

to usual care as well as the noninferiority of CC1 as compared to CC2, there are two 

components to the sample size and power calculations. Both assume a standard deviation of 5 

in the area under the curve (AUC) of HASS Active Suicidal Behavior Subscale scores over 12 



months based on previously published studies16and data from an ongoing trial with suicidal 

patients at SLHS.4 With a sample size of 759, we will have 80% power to detect a true 

difference between the CC arms and the UC arm of 1.26 units in the AUC of HASS scores 

over 12 months accounting for one formal interim analysis for efficacy. Similarly, a sample 

size of 759 will allow 89% power to determine noninferiority of CC1 to CC2 if the two 

interventions are truly equivalent, when using a noninferiority margin of 1.0. We plan to 

enroll 849 participants to account for up to 30% potential lost to follow-up. 

 
Table 1. Power and Sample Size Calculations 
Power for superiority 

Improvement in CC arm compared 

to UC arm 

Power Sample Size per 

Arm 

Total Sample 

Size 

1.26 80% 253 759 

 
Power for noninferiority 

Noninferiority 

Margin 

True difference 

between CC1 

and CC2 

Power Sample 

Size per 

Arm 

Total Sample 

Size 

-1.0 0 89% 253 759 

 
 

3.3 Planned Interim Analyses 
An interim analysis is planned for when 50% of 6-month outcome data are available (or 

as determined by the Data Safety and Monitoring Board) to assess grounds for early 

stopping if one of the arms is overwhelmingly more effective than the other, and/or to re-

calculate sample size if the observed data depart from the assumptions used for the 

initial sample size calculations.   

 

With input from the DSMB, prior to initiation of the trial, we will finalize a monitoring 

plan to guide dropping an arm from or early termination of the study. Factors influencing 



stopping decision may include (a) formal stopping rules based upon the primary analysis, 

(b) information on safety outcomes by treatment group, (c) consistency between results 

for primary and secondary outcomes, and (d) consistency of treatment effects across 

subgroups. The proposed formal stopping boundaries will be symmetric, two-sided 

designs which are included in the unified family of group sequential stopping rules.10,11 

Point estimates from interim analyses will be based on the bias adjusted point estimate.12 

Confidence intervals and p-values will be calculated from the ordering of the outcome 

space based upon the maximum likelihood estimate.13 The boundaries will be applied to 

each of the two-way comparisons between the three treatment arms.  

 

Table 2. Interim Analysis Stopping Boundaries 

   Lower Stopping Boundary 

Interim  
Analysis 

Cum. 
Sample  

Size with 6 
Month 

Outcome 

Prop. 
Max Stat 

Info 

Absolute 
Difference 

Adjusted 
Difference 

95% 
Confidence 

Interval 
P-value 

1 380 0.50 -1.56 -1.44 (-2.54, -0.20) 0.013 

2 759 1.00 -0.90 -0.83 (-1.76, 0.00) 0.043 
       

   Upper Stopping Boundary 

Interim  
Analysis 

Cum. 
Sample  

Size with 6 
Month 

Outcome 

Prop. 
Max Stat 

Info 

Absolute  
Difference 

Adjusted 
Difference 

95%  
Confidence  

Interval 
P-value 

1 253 0.33 1.56 1.44 (0.20, 2.54) 0.013 

2 506 0.67 0.90 0.83 (0.00, 1.76) 0.043 

 

Note: sample sizes given are the cumulative number of study participants with the six-

month outcome available at the time of analysis; we expect about 2/3 of that number will 

be available for the comparison of each two study arms. These calculations assume a 

standard deviation of 5; at the time of the analysis, the estimated standard deviation 

from the study data will be used. The boundaries used will be adjusted accordingly. The 

schedule of the interim analyses may be tweaked slightly based on the DSMB schedule. 

The information fraction will be updated to account for these differences as well as 



participants with partial outcomes available.14 The p-value boundaries are nominal two-

sided p-values. 

 
  



Figure 1: SPRING Trial Flow Diagram 

 
 



4 DATA SOURCE 
Table 3: SPRING Trial Variables of Interest and Other Data Elements 

Variable Tool/Source Routinely 
collected as 
usual care 

Mode of 
contact 

Who will collect 

Primary, Secondary, Safety & Exploratory Outcomes (Baseline + 3, 6, 12 months) 

Primary Outcome     

Suicidal behavior HASS Active Suicidal 

Behavior Sub-Scale 

(all surveys) 

No REDCap survey SLHS 

Secondary Outcomes     

Suicidal ideation HASS Passive Suicidal 

Ideation Sub-Scale 

(all surveys) 

No REDCap survey SLHS 

Suicide attempts  C-SSRS (all surveys) No REDCap survey SLHS 

Outpatient mental health treatment Self-report, Epic, 

Claims data (all 

surveys) 

Yes REDCap survey SLHS 

Use of crisis care (ED visits, 

hospitalizations) for suicidality 

Self-report, Epic, 

Claims data (all 

surveys) 

Yes REDCap survey SLHS 

Safety & Exploratory Outcomes 

Perceived burdensomeness & 

thwarted belongingness  

INQ-15 (all surveys) No REDCap survey SLHS 

Perceived mattering to others GMS (all surveys) No REDCap survey SLHS 

Non-suicidal self-injury (NSSI) SITBI-R (all surveys) No REDCap survey SLHS 

Suicidal ideation SITBI-R (all surveys) No REDCap survey SLHS 

Suicidal ideation & behavior C-SSRS (all surveys) No REDCap survey SLHS 

Suicide Plans & Preparatory Acts SITBI-R (all surveys) No REDCap survey SLHS 

Suicide attempts HASS Suicide 

Attempts Sub-Scale 

(all surveys) and 

SITBI-R (all surveys) 

No REDCap survey  SLHS 

Suicide deaths including cause of 

death 

Vital records, Epic  Yes N/A  Idaho Dept of 

Health & Welfare, 

SLHS 

All-cause mortality including manner 

& cause of death 

Vital records, Epic  Yes N/A  Idaho Dept of 

Health & Welfare, 

SLHS 

ED utilization or hospitalization (all-

cause), including number and 

diagnoses/reason for visit 

All surveys, Epic Yes REDCap survey SLHS 

Current Suicidal Crisis All surveys No REDCap survey SLHS 

Use of 988 or suicide hotline All surveys No REDCap survey SLHS 

Sociodemographic & Other Exposure Variables 



Age in years at enrollment Epic, Informed 

Consent Form 

Yes REDCap survey SLHS 

Sex assigned on birth certificate Epic Yes n/a SLHS 

Race and ethnicity Epic Yes n/a SLHS 

Address including Zip code of 

residence (urban/rural) 

Epic Yes n/a SLHS 

County of residence (urban/rural) Epic Yes n/a SLHS 

Gender identity, pronouns, 

transgender status, & sexual 

orientation 

Baseline survey No REDCap survey  SLHS 

Marijuana and illicit drug use Baseline survey, 3, 6, 

and 12-month 

outcome surveys 

No REDCap survey  SLHS 

Alcohol use Baseline survey, 3, 6, 

and 12-month 

outcome surveys 

No REDCap survey  SLHS 

Religion & religious practice Baseline survey No REDCap survey  SLHS 

Military / veteran status Baseline survey No REDCap survey SLHS 

Socioeconomic status (employment, 

education / maternal education, 

housing stability, income, 

food/income security) 

Baseline survey No REDCap survey  SLHS 

Depression  Baseline survey  

(PHQ-A / PHQ-9) 

No REDCap survey SLHS 

History of suicide attempts & self-

harm; lethal means 

Baseline survey No REDCap survey  SLHS 

Insurance Provider Epic Yes n/a SLHS 

Suicidal ideation & behavior at 

referring encounter (usual care) 

C-SSRS (in Epic) Yes n/a SLHS 

Quality of life at baseline Baseline survey 

Euro-Qol 

No REDCap survey  SLHS 

Overall health (presence of co-

morbidities) at baseline 

Epic Yes n/a SLHS 

Treatment history and medication use Epic, REDCap surveys Yes REDCap survey SLHS 

Referring clinic name & referring 

provider 

Epic Yes n/a SLHS 

Intervention assignment (CC2, CC1, 

UC) 

REDCap No n/a SLHS 

Patient Satisfaction     

Patient satisfaction with study 

intervention 

Outcome surveys No REDCap survey SLHS 

Process Variables      

Screening rates & results by clinic and 

provider; referral rates by clinic & 

provider 

Epic / D&A 

dashboard 

Yes n/a SLHS 



Safety Planning/Connection & Support 

Planning completion 

Epic / D&A 

dashboard / REDCap 

/ Mosio 

No n/a SLHS 

Individual who completed safety plan Epic / REDCap / 

Mosio 

No n/a SLHS 

“Dose” of follow-up contact: timing, 

type (phone vs text), and number of 

attempted and successful contacts 

from the Hotline; # outgoing & 

incoming texts + content of texts 

Mosio No n/a Hotline 

Other Variables     

Medical record number (MRN) & 

encounter number (CSN) 

Epic Yes n/a SLHS 

Encounter date(s) and time(s) Epic Yes n/a SLHS 

Clinic specialty/type Epic Yes n/a SLHS 

Provider(s) Epic Yes n/a SLHS 

Referral(s) Epic Yes n/a SLHS 

Insurance type Epic Yes n/a SLHS 

Does cell phone on record belong 

exclusively to study participant or is it 

shared? 

Baseline survey No REDCap survey SLHS 

Alternative modes of contact Baseline survey No REDCap survey SLHS 

Death (manner and cause), including 

suicide deaths and all-cause mortality 

Epic and vital records Yes n/a SLHS & Idaho 

Department of 

Health & Welfare 
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4.1 Data Management 

Data management will occur using the Research Electronic Data Capture (REDCap) 

tool, a HIPAA compliant web-based research application used for building and managing 

online surveys and providing a secure electronic database. Our instance of REDCap is 

owned and managed by the University of Washington’s Institute of Translational Health 

Sciences. REDCap will be used as the central location for online study data storage and 

participant management. The database is safeguarded against unauthorized access by 

established security procedures; appropriate backup copies of the database and related 

software files will be maintained. The statistics team will compile data from REDCap on 

a weekly basis for reports, as well as to build and maintain a complete dataset. Baseline 

data from participants’ electronic health records will be entered via REDCap data 

extraction forms. Twilio, a HIPAA-compliant texting platform integrated into REDCap, 

will be used to send survey links and survey reminders to participants. Mosio,15 a 

HIPAA-compliant online texting and calling platform, will be used to deliver Caring 

Contacts, to schedule enrollment calls, to send retention texts and survey reminders, 

and to make phone calls. Mosio records any attempt at contact and successful contact 

made. To protect the confidentiality of participants, data and associated documentation 

will be available to approved study personnel only, under a data-sharing agreement that 

includes a commitment to: (1) use the data only for research purposes; (2) secure the 

data using appropriate technology; and (3) destroy or return the data after analyses are 

completed. 

5 ANALYSIS SETS/POPULATIONS/SUBGROUPS 
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5.1 Inclusion & Exclusion Criteria 

5.1.1 Study Participant Inclusion & Exclusion Criteria 

Inclusion criteria are intentionally broad, to facilitate recruitment of a study sample that 

is maximally representative of the population of patients that SLHS serves and to 

maximize external validity of the results. 

 

 Inclusion Criteria 

• Adolescents (12-17 years old) and adults (18+) 

• Response of “yes” to at least one item on the Columbia Suicide Severity Rating Scale 

(C-SSRS) six-item screener at a SLHS primary care or behavioral health clinic, or 

electronic health record or provider note from an eligible encounter indicates suicide 

risk 

• Ability to send and receive text messages 

• Ability to receive phone calls 

• Ability to receive emails 

• Participant and legal guardian (if applicable) speak, read, and understand English 

• Accommodations may be made for individuals with impaired hearing 

 

Exclusion Criteria 

• Individuals who participated in a previous SLHS randomized controlled trial related 

to Caring Contacts (SPARC Trial or MHAPPS Trial). 

• Patients who are unable or unwilling to provide informed consent*, for example, 

due to acute or chronic cognitive impairment (i.e.: acute psychosis, intoxication, or 

intellectual disability). 

• Primary Care Provider, Behavioral Health Provider, or Principal Investigator 

determines that participation in the research is not in the best interest of the patient 

or the study team. 
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5.2 Analysis Populations 

Analyses will be completed using the following populations: 

 

1. Intention to Treat (ITT) Analytic Population: Data for all participants that 

complete study enrollment and the baseline survey will be included in this dataset. 

Participants will be grouped according to their randomized treatment arm, regardless of the 

intervention received. 

2. Safety Analysis Dataset: The safety analysis will include data for all participants who 

completed study enrollment and the baseline survey (e.g., the ITT Analytic Population 

Dataset). 

3. Per-Protocol Analysis Dataset: Data for a subset of participants who were retained 

for the duration of the study and received the assigned intervention. For participants 

randomized to either of the caring contacts study arms, this means receiving all 25 scheduled 

messages. Additionally, participants who receive any of the interventions that are not part of 

their randomized study arm will be excluded from the per-protocol analyses (e.g. a 

participant who is randomized to usual care but accidentally receives a caring contact 

message will be excluded).  

4. Additional Datasets: Additional datasets may be developed to complete sensitivity 

analyses, for example, where missing data have been imputed using different techniques. 

 

5.3 Subgroups 

Subgroup analyses will be completed based on:  

• age at enrollment (12-17; 18-24; 25-49; 50+),  

• sex at birth (female vs. male),  

• gender identity (cisgender vs. transgender or gender nonconforming),  

• sexual orientation (heterosexual vs. homosexual, bisexual, or other),  
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• area of residence (urban vs. rural), 

• referring clinic type (primary care vs. behavioral health)  

 

To allow for formal testing of heterogeneity of the treatment effect across subgroups, a 

linear model of the AUC summary measures will be fit with indicator variables for the 

CC treatment arms and adolescent age, the subgroups of interest and the interaction 

between subgroup and treatment. This study has not been specifically powered to 

identify differing treatment effects in each of these subgroups. Subgroup analyses will be 

performed in the ITT analytic population and use imputed outcomes to account for 

missing data. 

 

6 ENDPOINTS AND COVARIATES 

6.1 Primary endpoint 

Suicidal behavior is the primary outcome and will be measured using the Harkavy-Asnis 

Suicide Scale (HASS) Active Suicidal Behavior Subscale. The HASS includes three sub-scales, 

each of which have been validated for self-report, with strong psychometric properties in 

adolescents and adults.16 The Active Suicidal Behavior Subscale of the HASS asks about the 

frequency of each of five active suicidal behaviors, including suicide attempt planning, and 

actual and aborted/interrupted suicide attempts. Participants respond using the Likert scale 

response options used by Asarnow et al. in their validation study,16 which will be modified 

to fit the time period based on each survey (past six months will be used for baseline and 12-

month outcome surveys, and past 3 months will be used for 3- and 6-month outcome 

surveys). Each of the sub-scales of the HASS are scored separately. Scoring is completed by 

summing the number of the associated response category for all the items in the sub-scale. 

The primary outcome will be the cumulative risk of suicidal behavior assessed using area 

under the curve of the HASS active suicidal behavior subscale scores over the 12-month 
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study period. The area under the curve summary measure will be calculated for each 

participant.  

 

6.2 Secondary endpoints  

Secondary outcomes include suicide attempts, suicide ideation, suicide-related ED 

utilization and hospitalization, and outpatient mental health treatment. All outcomes will 

be measured at baseline, 3 months, 6 months, and 12 months. 

 

6.2.1 Suicide attempts 

Suicide attempts will be measured using the Columbia Suicide Severity Rating Scale (C-

SSRS).  

6.2.2 Suicidal ideation 

Suicidal ideation will be measured using the Passive Suicidal Ideation 

Subscale of the HASS, which includes 12 items.16  

6.2.3 Suicide Related ED and hospital utilization 

Suicide-related ED utilization and hospitalization will be assessed by self-report and using 

electronic medical records.  

6.2.4 Outpatient mental health treatment 

Outpatient mental health treatment will be self-reported and assessed using electronic 

medical records. Reason for visit/diagnoses may be reviewed in electronic medical 

records for any inpatient or outpatient encounters that occur during the 

study period.  
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6.3 Safety Outcomes and Other Exploratory Endpoints 

Exploratory and safety outcomes include thwarted belongingness, perceived 

burdensomeness, a combined measure of suicidal ideation and behavior, suicide attempts 

(including actual, aborted, or interrupted attempts), perceived mattering to others, non-

suicidal self-injury, all-cause ED utilization and hospitalizations, suicide deaths, and all-

cause mortality.  

• Thwarted belongingness and perceived burdensomeness will be measured using 

the 15-item version of the Interpersonal Needs Questionnaire.19-21 

• A combined indicator of suicidal ideation and behavior will be assessed using the 

Columbia Suicide Severity Rating Scale self-report 6-item screener for primary 

care (C-SSRS).22,23 The C-SSRS self-report screener is widely used in clinical 

practice, including at SLHS, and will be used to determine eligibility for the 

study. Participants will also self-complete the C-SSRS at baseline following 

enrollment, and at 3, 6, and 12 months. The C-SSRS self-report 6-item screener 

has strong psychometric properties for use with both adolescent and adult and 

populations, including excellent sensitivity and specificity,22 convergent validity,23 

and incremental validity.23  

• Non-suicidal self-injury will be measured with items from the SITBI-R. The 

General Mattering Scale (GMS)25-27 will be used to assess the extent to which 

participants believe they matter to other people. 

• All-cause ED utilization and hospitalization will be measured from self-report and 

electronic medical records.  

• The frequency of suicide attempts (including actual attempts, interrupted 

attempts, and self-aborted attempts) will be measured using the two-item Suicide 

Attempts Sub-Scale of the HASS.16  
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• The manner and cause/lethal means of suicide deaths and all deaths will be 

assessed based on electronic medical records and vital records. 

6.3.1 Adverse Events and Serious Adverse Events 

This protocol does not include tracking of adverse events (AEs) nor real-time tracking of 

serious adverse events (SAEs) for several reasons. First, the most important events that 

would be defined as SAEs are expected safety outcomes in the context of study participants 

experiencing suicidality. All deaths of study participants will be reviewed and assessed to 

determine whether the cause of death is suicide. We do not anticipate any SAEs beyond 

those listed as safety outcomes above, but unanticipated SAEs that occur will be reviewed by 

the DSMB and the IRB. Second, the most important safety question to ascertain in the 

context of this trial is whether rates of safety outcomes or SAEs are differential across the 

two intervention groups. Given that the CC2 intervention includes frequent contact with 

study participants (and the CC1 and UC conditions do not), if the study were to monitor 

AEs and/or SAEs in real-time, differential rates of ascertainment would be expected. Any 

attempt to compare rates of AEs or SAEs across intervention groups could be substantially 

biased due to differential ascertainment. Instead, this protocol will monitor safety outcomes 

collected at 3, 6, and 12 months as part of routine study outcome assessments through 

regular DSMB meetings to ensure equal ascertainment of outcomes across intervention 

groups. This is the most valid and reliable way to review safety data in the context of this 

pragmatic clinical trial. 

 

6.4 Covariates  

We will collect data on age and sex at birth, as well as gender identity and sexual 

orientation, all of which are strongly associated with risk of suicidal ideation and 

behavior.1,28,29 Gender identity and sexual orientation will be assed using questions from 

CDC’s Youth Risk Behavior Surveillance System Questionnaire.30 Suicide rates differ by 
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race and ethnicity,1 which will be self-reported using US Census categories.31 Religious 

affiliation and practice is associated with suicidality, but the magnitude and direction of 

that association differs depending on the religion, and its intersection with socio-cultural 

factors (e.g.: sexuality).32 We will include items from a recent Pew Research Religious 

Landscape Study to assess religiosity.33 Compared to other adults, active-duty military or 

veterans face a 57.3% higher adjusted suicide rate.34 The Health Resources & Services 

Administration’s Office of Rural Health Policy urban-rural designation for census tracts35 

will be used to classify participants as urban or rural residents. Compared to large urban 

areas, residence in the most rural and remote parts of the US is associated with a 96% 

higher rate of suicide,1 lower socioeconomic status,36 and worse overall health 

outcomes.36 Thirty-five of Idaho’s 44 counties are classified as rural.35 Financial crises 

and low socioeconomic status (SES) are associated with increased suicidality.50 We will 

collect data related to SES including income, education, and employment using 

questions from the US Census Bureau’s American Community Survey.31 Lethal means 

for planned and actual suicide attempts will be self-reported.38 Utilization of 988 will be 

self-reported by participants to determine how different sub-groups & treatment arms 

used this resource before and during the study. 

7 STATISTICAL METHODOLOGY 

7.1 Descriptive statistics 

Descriptive statistics will be used to summarize survey results including outcomes, 

baseline demographics, and other exposure variables. This will include number and 

percentage for categorical variables; for continuous variables mean and standard 

deviation will be tabulated, with median, first quartile, and third quartile included in at 

least internal reports. 
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7.2 Primary analysis 

The primary analysis population is the intention to treat population: all randomized 

participants who complete a baseline survey, grouped by the treatment arm to which 

they were randomized regardless of treatment delivered. An area under the curve 

analysis will be used to assess HASS Suicidal Behavior score as a measure of cumulative 

risk across the 12-month study period. A linear model with indicator variables for the 

treatment arms and using heteroskedasticity robust sandwich variances will be used in 

the primary model. Multiple imputation will be used to account for missing outcome 

data and Rubin’s rule will be used to combine results across imputations.41 The primary 

analysis will use a gatekeeping procedure: first, the Caring Contact arms will be 

compared to usual care; if both CC arms are statistically significantly superior to usual 

care, then a noninferiority comparison will be done for the two Caring Contact study 

arms using a noninferiority margin of 1.0. 

 

7.2.1 Simulation results 

 

7.3 Secondary analyses 

The analyses of secondary outcomes will use linear models similar to the primary 

analysis; for binary outcomes, a generalized linear model will be fit with the identity link 

to allow for the estimation of the risk difference. Analyses will be performed using 

standard statistical software such as R or SAS. A two-sided type-I error of 0.05 will be 

used as the threshold to determine statistical significance. Confidence intervals will be 

reported in addition to p-values. All outcomes will be measured at baseline, 3 months, 6 

months, and 12 months. The analysis of secondary outcomes will not be adjusted for 

sequential monitoring since these outcomes will not be formally included in the interim 

analysis. 
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7.3.1 Suicide attempts 

A count of suicide attempts will be measured using the Columbia Suicide Severity Rating 

Scale (C-SSRS).  The total number of attempts across the 12 month study period will be 

compared across treatment arms by a negative binomial hurdle model.38-41 Kaplan-Meier 

curves will be used to compare the time to first suicide attempt between treatment 

arms; the log-rank test will be used to test for differences between groups. 

 

7.3.2 Suicide ideation  

Suicidal ideation will be measured using the Passive Suicidal Ideation 

Subscale of the HASS, which includes 12 items.16 For each participant, the area under the 

curve will be used to summarize the total burden of suicidal ideation across the 12 

month study period. The average AUC will be compared between treatment arms using 

a linear model with the heteroskedasticity robust sandwich variances. 

7.3.3 Suicide-related ED utilization and hospitalization 

Suicide-related ED utilization and hospitalization will be assessed by self-report and using 

electronic medical records. We will present the number and proportion of participants 

with any suicide-related ED or hospitalization during the course of the 12-month study. 

The overall risk difference comparing the caring contact arms to usual care will be 

estimated from a GEE model. 

7.3.4 Outpatient mental health treatment  

Outpatient mental health treatment will be self-reported and assessed using electronic 

medical records. Reason for visit/diagnoses may be reviewed in electronic medical 

records for any inpatient or outpatient encounters that occur during the study period.  

We will present the number and proportion of participants reporting the use of mental 

health treatment at each outcome survey time. The risk difference in the proportions 
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will be estimated at each time point using a GEE model which models all outcomes 

simultaneously to account for the correlations of any given participant’s responses. 

 

7.4 Subgroups 

Subgroup analyses will be completed based on  

• age at enrollment (12-17; 18-24; 25-49; 50+),  

• sex at birth (female vs. male),  

• gender identity (cisgender vs. transgender or gender nonconforming),  

• sexual orientation (heterosexual vs. homosexual, bisexual, or other), and  

• area of residence (urban vs. rural), 

• referring clinic type (primary care vs. behavioral health).  

 

To allow for formal testing of heterogeneity of the treatment effect across subgroups, a 

linear model of the AUC summary measures will be fit with indicator variables for the 

CC treatment arms, the subgroups of interest, and the interaction between subgroup and 

treatment. The effect of each CC treatment, compared to usual care, will be reported 

along with the 95% confidence interval for the difference in means and the p-value 

testing for the interaction of group with treatment. The subgroup analyses will be 

performed in the multiple imputed data sets for the ITT population; Rubin’s rule will be 

used to combine results across imputations.41  

7.5 Exploratory analyses 

7.5.1 Thwarted belongingness and perceived burdensomeness 

Both thwarted belongingness and perceived burdensomeness will be summarized over 

time using the AUC summary measure, as in the primary analysis. The difference in 

means between treatment arms will be estimated from a linear regression model using 

robust sandwich standard errors. 
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7.5.2 C-SSRS Suicidal Ideation and Behavior 

The AUC will also be used to summarize each participant’s C-SSRS suicidal ideation 

and behavior scores over time. The differences in mean AUC between treatment arms 

will be estimated from a linear regression using robust sandwich standard errors. 

7.5.3 Non-suicidal self-injury 

The time to first non-suicidal self-injury will be compared across treatment arms using 

the Kaplan-Meier method, with the log-rank test used to test for differences between 

treatment arms. 

7.5.4 All-cause ED and hospital utilization 

All-cause ED utilization and hospitalization will be measured from self-report and 

electronic medical records. We will present the number and proportion of participants 

with any ED or hospitalization utilization during the course of the 12-month study. 

The overall risk difference comparing the caring contact arms to usual care will be 

estimated from a GEE model. 

7.5.5 Suicide attempts 

The occurrence of suicide attempts will be summarized as a binary outcome at each 

measured timepoint. A GEE model with the identity link function and binomial 

variance structure will be used to estimate the risk differences between the treatment 

arms at each time point. 

7.5.6 Cause of death 

The manner and cause of all deaths, including suicide deaths will be reported in a 

listing. This will include lethal means for deaths by suicide. 

7.6 Safety analysis 

The proportion of participants experiencing each of the safety events will be 

summarized within each treatment arm. We will present the estimated risk difference 
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and confidence intervals for the risk difference. These analyses will be performed in 

the safety population. 

 

7.7 HANDLING OF MISSING OUTCOME DATA  

Every attempt will be made to minimize the amount of missing data. Regular reports 

will allow the investigators to assess the amount of missing data as well as the cause of 

missing or anomalous entries and address these if possible. If missing values cannot be 

retrieved, the reason for the missingness will be recorded in data comments available 

through REDCap. Hotline specialists will record the reason for any participant drop-out 

during the 12 months of follow-up. Missing outcome data due to withdrawal or loss to 

follow-up will be addressed through multiple imputation. Participants who die by 

suicide will be imputed to have the highest negative score on a given scale; other 

participants missing data due to death will have their outcomes imputed. 

 

Hot deck imputation will be used to account for missing 3-, 6-, and 12-month 

outcomes.42 Outcomes will be sampled from complete cases on the same treatment arm, 

baseline survey C-SSRS score (low, moderate, and high risk), and age (12-17; 18-24; 

25-49; 50+ (<25, 25+). This method avoids making parametric assumptions about the 

outcome distribution and preserves the relationship between measures.42 Twenty 

complete data sets will be imputed and Rubin’s rule will be used to pool the results.41 

 

7.8 SENSITIVITY ANALYSES 

We will assess the sensitivity of estimates to the imputation approach and variables used 

in the imputation algorithm, including the possibilities that missing data is more likely to 

reflect poor outcomes or that the missing data mechanism varies by treatment arm. A 

tipping point analysis will be included. 
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The primary analysis will be repeated in the per-protocol population, defined as the 

subset of participants who were retained for the duration of the study, received only the 

randomized treatment, and completed the minimum assigned intervention (e.g. received 

all scheduled text messages for the caring contacts arms). 

 

The HASS active suicide behavior subscale scores at 3, 6, and 12 months will be analyzed 

using a negative binomial hurdle . This model will include study arm.  The baseline 

HASS active suicidal behavior score will be included as a precision variable. 

 

 

7.9 PROGRAMMING PLANS 

All data cleaning and programming will be done in REDCap, Excel, SAS, R or RStudio.  
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