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Ecological momentary assessment (EMA) is increasingly used to study suicidal thoughts and behaviors
(STBs). There is a potential ethical obligation for researchers to intervene when receiving information about
suicidal thoughts in real time. A possible concern, however, is that intervening when receiving responses
that indicate high risk for suicide during EMA research may impact how participants respond to questions
about suicidal thoughts and thus affect the validity and integrity of collected data. We leveraged data from a
study of adults and adolescents (N = 434) recruited during a hospital visit for STBs to examine whether
monitoring and intervening on high-risk responses affects subsequent participant responding. Overall, we
found mixed support for the notion that intervening on high-risk responses influences participants’ ratings.
Although we observed some evidence of discontinuity in subsequent responses at the threshold used to
trigger response-contingent interventions, it was not clear that such discontinuity was caused by the
interventions; lower subsequent responses could be due to effective intervention, participant desire to not be
contacted again, or regression to the mean. Importantly, the likelihood of completing surveys did not change
from before to after response-contingent intervention. Adolescents were significantly more likely than
adults, however, to change their initial suicidal intent ratings from above to below the high-risk threshold
after viewing automated response-contingent pop-up messages. Studies explicitly designed to assess the
potential impact of intervening on high-risk responses in real-time monitoring research are needed, as this
will inform effective, scalable strategies for intervening during moments of high suicide risk.

Public Significance Statement

There may be an ethical obligation to intervene when participants in real-time monitoring studies report
being at high risk for suicide; however, one possible concern is that intervening could impact how (and
whether) participants respond to questions about suicide. Overall, we found some evidence that
contacting participants when they report high suicidal intent may impact their responses, although the
mechanism through which the lowering of responses occurs is not clear.
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Suicidal thoughts and behaviors (STBs) are highly prevalent
public health problems. In 2020, nearly 46,000 Americans died by
suicide, making it the 12th leading cause of death in the United
States (Centers for Disease Control and Prevention, 2020). Suicidal
thoughts and nonfatal suicidal behaviors are also common. For
example, it is estimated that 1.2 million suicide attempts take place
in the United States each year (Centers for Disease Control and
Prevention, 2020)—and are associated with considerable public
health costs in their own right (Shepard et al., 2016). Unfortunately,
our ability to predict and prevent STBs remains poor (Franklin et al.,
2017; Woodford et al., 2019). This may be in part due to the field
lacking a strong understanding of fundamental properties of STBs,
including how suicidal thoughts unfold naturalistically (e.g., how
quickly suicidal thoughts occur, how long they persist) and when
and why people transition from thinking about suicide to engaging
in suicidal behavior (Millner et al., 2020).

Methods of real-time monitoring—namely, ecological momen-
tary assessment (EMA)—are powerful tools to improve our
understanding of STBs as these phenomena naturally occur, as
well as the proximal, time-varying risk factors that predict their
occurrence (Kleiman et al., 2023). Real-time monitoring has several
advantages over traditional assessment methods, including circum-
venting the well-established limitations of retrospective recall
(Schacter, 1999; thus potentially promoting more accurate and
ecologically valid reporting) and facilitating the collection of
many—hundreds or even thousands of—data points within
individuals over time. Self-report data on STBs, as well as related
affective, cognitive, and behavioral experiences, gleaned from EMA
have the potential to be combined with other real-time data streams,
such as continuous physiological data from wearable biosensors or
passive smartphone sensors, to comprehensively characterize and
predict short-term increases in suicide risk (Kleiman et al., 2023).
One long-term goal of much of this work is to inform the
development of just-in-time adaptive interventions that deploy the
right amount and type of support at the right time to individuals at
risk (Coppersmith, Dempsey, et al., 2022).

Safety and Ethical Considerations in
Real-Time Research on STBs

Given the promise of using real-time monitoring methods to study
STBs, as well as the increasing ubiquity of smartphones (Pew
Research Center, 2021) and accessibility of EMA data collection
platforms, it is no surprise that recent years have witnessed a
proliferation of EMA research on STBs (Ammerman & Law, 2022;
Gee et al., 2020; Rabasco & Sheehan, 2022; Sedano-Capdevila et
al., 2021). This relatively new area, however, brings notable safety

and ethical considerations, some of which suicide researchers have
been grappling with for decades (Fisher et al., 2002; Hom, Podlogar,
etal., 2017; Pearson et al., 2001) and others that are unique to EMA.
One of the key issues is whether (and how) to monitor and intervene
in response to incoming real-time data reflecting high current risk of
suicide. Given that EMA typically consists of asking participants to
report on the severity of their current suicidal thoughts at the present
moment, researchers may receive information in real time that a
study participant is experiencing strong thoughts of suicide or high
intent to act right now. This begs the question of whether researchers
conducting this work have an ethical, clinical, or regulatory obligation
(National Institute of Mental Health, n.d.) to monitor incoming real-
time data from suicidal individuals and intervene upon indication that a
person may make a suicide attempt in the very near future. Furthermore,
as some research teams are now passively and continuously collecting
global positioning system data alongside EMA, it may be possible to
pinpoint a participant’s exact location while they report being at high
risk (or a suicide attempt is in progress), posing the possibility to send
what could be lifesaving help right away.

A recent consensus statement on these issues documented strong
(about 90%) agreement among a panel of experts (e.g., researchers,
clinicians) and individuals with lived experience that investigators
using intensive longitudinal methods to study STBs should review
incoming data on an ongoing (at least every weekday) basis and
deploy interventions based on self-reported suicide risk (Nock et al.,
2021). Such interventions generally include contacting participants
to conduct a suicide risk assessment or review a safety plan, or
notifying an emergency contact. In contrast to this strong consensus,
however, a recent systematic review revealed that nearly 40% of
studies do not actually monitor and intervene upon incoming
EMA data on suicide risk (Bentley et al., 2021). Certain study
characteristics appeared to influence whether researchers do or do
not intervene on high-risk responses; for example, studies conducted
with adolescents (vs. adults) were more likely to monitor data and
intervene in real time. Studies were also fairly evenly split (48% vs.
52%) between using and not using automated “pop-up” messages
(that generally provide crisis resources) when survey responses met
predefined risk thresholds (Bentley et al., 2021).

Why might researchers choose not to monitor and intervene on
incoming real-time data on suicide risk? One reason is that doing so
often requires significant person power and resources (e.g., trained
clinicians to contact participants and conduct risk assessments).
Certain data collection platforms may not have the capacity to send
real-time notifications to study staff (e.g., some only store data
locally on participants’ phones during the study). Monitoring
incoming data in real-time may also not be feasible for studies that
enroll very large numbers of individuals nationwide (or even
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globally) or are not well funded. Researchers may also be concerned
that responding promptly to incoming data may be outside their
roles as investigators (and more in line with, e.g., crisis responders).
Another factor is that studies in which individuals are recruited to
participate anonymously—for example, via online methods—are
necessarily limited in the potential to intervene (at least via outreach
from study staff) in response to incoming data. Beyond these
practical considerations, some have raised another potential, not
trivial concern: that monitoring and intervening on high-risk
responses in observational, real-time monitoring studies of STBs
could meaningfully impact the resultant data.

Potential Impacts of Intervening on High-Risk
Responses in Observational Research

It is possible that intervening in response to incoming data on
STBs may influence how (or whether) participants respond to study
assessments and thus impact the validity and integrity of collected
data. As the goal of most real-time monitoring research is to observe
phenomena unfold naturalistically, this is an important consider-
ation, as researchers generally strive to minimize the impact of their
study procedures on the experiences they seek to observe. There are
several possible ways (or mechanisms through which) monitoring
and intervening on high-risk responses in real-time research on
STBs could influence study data, two of which we describe below.

Treatment Effects

One possible way that monitoring and intervening on incoming
high-risk responses may influence study data is if such interventions
effectively reduce the likelihood of experiencing STBs. There is now
much evidence showing that brief suicide-focused interventions—
namely, conducting follow-up contacts and developing/reviewing
safety plans, both of which are included in many studies’ safety
protocols (Bentley et al., 2021; Nock et al., 2021)—can prevent
suicide attempts among those at elevated risk (Doupnik et al., 2020;
Nuij et al., 2021). Indeed, delivering follow-up contacts and safety
planning, as well as conducting suicide risk assessments, are all
recommended as part of routine clinical care for those identified as at
risk for suicide by leading national organizations (e.g., National
Action Alliance for Suicide Prevention: Transforming Health
Systems Initiative Work Group, 2018). Thus, it is with good reason
that some combination of follow-up contact, safety planning, and
suicide risk assessment are often included in response-contingent
intervention protocols aimed to help protect individuals participating
in real-time monitoring research (Bentley et al., 2021). To our
knowledge, however, no research has yet been conducted to test
whether deploying such interventions in real time and in response to
suicidal thoughts reported on momentary surveys reduces the risk of
suicide attempt. Furthermore, as noted above, if response-contingent
interventions effectively reduce participants’ risk of STBs in EMA
research, such interventions could be perceived as undermining the
main goal of these studies, which is to observe how STBs unfold
naturalistically and ultimately inform the much-needed development
of better ways to detect and intervene with those at risk. On the other
hand, discovering that such real-time monitoring and intervention
methods can decrease the short-term risk of STBs and thus result in
direct benefits to participants would be a significant advance for
current suicide prevention efforts.

Reactivity

Another way that monitoring and response-contingent interven-
tions may impact study data is through reactivity, or people altering
their behavior due to awareness of being observed. Although
reactivity has long been considered in psychological science
(Nelson, 1977), it is especially relevant in EMA research (Carr et
al., 2020; Shiffman, 2015), as participants’ perceptions of being
watched by researchers may be amplified with frequent assessments,
especially if coupled with newer passive monitoring strategies (e.g.,
Mohr et al., 2017). In EMA studies in which participants are aware
that their survey responses about STBs are not only being closely
monitored but also may trigger interventions, reactivity may be
especially salient. One possibility is that the awareness that one’s
responses are being monitored and may lead to potentially
protective, helpful interventions could contribute to participants
being more willing to disclose suicidal thoughts; this could have
direct benefits for participants. On the other hand, participants may
also be less likely to report STBs (or complete surveys entirely) if
they know that study staff will soon see their responses or that doing
so may lead to an intervention (e.g., Deming et al., 2021). Hesitancy
to disclose STBs to avoid unwanted consequences of doing so (e.g.,
involuntary hospitalization) or because of other stigma-related
barriers has long been acknowledged in research and clinical realms
(Blanchard & Farber, 2020; Hom, Stanley, et al., 2017; Hgyen et al.,
2022). Being made aware that reporting STBs via EMA could result
in response-contingent interventions may discourage disclosure and
thus influence participants’ overall response patterns; for example,
studies that monitor and respond to incoming data could end up with
more suppressed ratings of suicidal thoughts than studies that do not.
Deploying response-contingent interventions could also lead to
specific changes in the responses following intervention receipt (such
as either reduced willingness to report STBs again or reinforced
reporting of STBs in the future to elicit desired interventions).
Perhaps the greatest potential risk of reactivity is that suppressed
STB ratings could adversely affect the potential to deliver timely
interventions and thus prevent suicidal behavior; that is, if the
possibility of receiving response-contingent interventions deters
participants from disclosing suicidal thoughts, it could preclude the
chance to deploy what may ultimately be life-saving interventions. It
is also possible that, in rare cases, response-contingent interventions
could be iatrogenic (e.g., if they result in unnecessary hospitalization
or police involvement; Ward-Ciesielski & Rizvi, 2021).

Importantly, both treatment effects and reactivity to response-
contingent interventions in EMA research may result in reduced
reporting of STBs, which would make it difficult to tease them
apart. Thus, thoughtful control conditions that are likely to
elicit one effect while ruling out the other would be needed to
distinguish between treatment effects and reactivity. Here, we take
an initial step toward examining such potential effects in a purely
observational real-time monitoring study of STBs, as we know of
no other research aimed to determine the effects of response-
contingent interventions in EMA studies to date. Results have the
potential to inform the refinement of best practice guidelines for
this rapidly expanding area of research (e.g., Nock et al., 2021)
and assist investigators in considering the benefits and (potential)
risks of intervening when participants report current thoughts of
suicide.
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The Present Study

To improve understanding of the potential effects of response-
contingent interventions in real-time monitoring research, we leverage
data from a large, recently completed EMA study of adults and
adolescents recruited during an emergency department (ED) visit or
psychiatric inpatient stay for STBs. In this study, incoming real-time
self-report data on suicidal intent were closely monitored, and
responses above an a priori “high-risk” threshold triggered a series of
response-contingent automated pop-up messages and phone-based
outreach from the study team. Given that all incoming responses that
exceed the high-risk threshold triggered response-contingent inter-
ventions (i.e., there was no comparison condition in which high-risk
responses do not trigger the interventions), we focus on examining
whether receiving interventions is associated with specific within-
person differences in responses. We sought to address three specific
questions.

Question 1: Do people report lower suicidal intent after receiving
a high-risk response-contingent intervention (relative to responses
for which there is no intervention)? If the suicidal intent ratings that
follow response-contingent interventions are different from those
that do not follow response-contingent interventions, this may
suggest that the interventions are influencing participants’ responses
(either through treatment effects or reactivity). We hypothesized that
suicidal intent ratings would show a larger decrease following
response-contingent interventions than not following interventions,
when controlling for the continuous effect of previous levels of
suicidal intent on future suicidal intent. We were also interested in
exploring whether response-contingent interventions appear to
influence constructs beyond that used to trigger the interventions
(suicidal intent), and thus, with no a priori hypotheses, also tested for
differences in subsequent ratings of suicide urge, negative affect,
and positive affect.

Question 2: Are participants less likely to respond to survey prompts
after receiving response-contingent interventions? If response-
contingent interventions are perceived as unwanted or unhelpful,
participants might be less likely to respond to surveys entirely after
receiving a response-contingent intervention (although we note that
decreased responding could also be due to the initiation of a higher
level of care in response to a suicidal crisis, which may present other
barriers to completing surveys). We hypothesized that participants
would overall be less likely to respond to survey prompts after
receiving response-contingent interventions, when controlling for any
decrease in survey completion rates over time. We also explored, with
no a priori hypothesis, whether any such differences vary by sample
type (adults vs. adolescents).

Question 3: How often do participants lower initially high ratings
of suicidal intent after being presented with automated response-
contingent pop-up messages? If response-contingent interventions are
perceived as unwanted or unhelpful, we might expect participants to
alter their initial suicidal intent rating shortly after being made aware
that their response has triggered an imminent intervention in an effort
to evade being contacted by the study team. Thus, with no a priori
hypotheses, we explore how often participants lower an initially high
suicidal intent rating immediately after receiving automated response-
contingent pop-up messages that include a notification that they may
soon be contacted by researchers. We also explore whether this
behavior of lowering responses varies by sample type (adults vs.
adolescents).

Transparency and Openness

This study, which involved an analysis of data from a larger
existing project, was not formally preregistered. Data and materials
are available from the first author upon request. Access to
anonymized data will be available through the National Institute
of Mental Health Data Archive at the completion of the larger
project of which this study is a component. All procedures were
approved by the governing hospital/university institutional review
boards in accordance with the provision of the World Medical
Association Declaration of Helsinki.

Method
Participants

Participants were 198 adults and 236 adolescents (N = 434) enrolled
between May 2019 and August 2022 in a large intensive longitudinal
monitoring study aimed to improve understanding of STBs during the
posthospital period. Adults were recruited in the United States at a large
urban hospital ED and adolescents from an inpatient psychiatry unit.
Primary inclusion criteria were: (a) age 18+ years old (adults) or 12—
19 years old (adolescents); (b) English fluency; (c) presentation at
hospital (ED or psychiatric inpatient stay) with suicidal thoughts; (d)
smartphone ownership; and (e) willingness to provide at least one
collateral contact person. All participants provided written informed
consent (adults) and/or assent (adolescents).

Procedure
Consent and Enrollment

Adults were enrolled in the study either during an in-person
meeting with a research assistant in the emergency department (ED;
or, if discharged to the same hospital’s inpatient unit, the inpatient
unit) or (at various points since the COVID-19 pandemic) via a
phone meeting up to 4 weeks after ED discharge. Adolescents were
enrolled via in-person meeting during inpatient hospitalization.
During the informed consent process, participants were made aware
that, although their responses to the EMA surveys may take up to 24
hr to review, if at any point the study team became concerned about
their safety, the study team would reach out to them (and, for the
adolescent sample, their parent or guardian) via phone to ensure they
are safe. Of relevance to the present investigation, participants were
not made aware at the start of the study of the specific high-risk
response threshold used to trigger outreach (described in detail
below). Participants were told that if they could not be reached,
study staff would then reach out to their collateral contact(s). Last, it
was noted that, though extremely rare, if research staff had reason to
believe the participant was at imminent risk of suicide and neither
they nor their collateral contact(s) responded to outreach,
confidentiality may be broken by calling emergency services.
Adults also developed a personalized safety plan (using a modified,
briefer version of the template developed by Stanley & Brown,
2012) collaboratively with the research assistant during enrollment.
For adolescents, research staff (with participants’ permission)
obtained the personalized safety plan documented in their health
record during the index inpatient hospitalization.
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EMA

Adult participants began receiving prompts to complete EMA
surveys (via LifeData software installed on their smartphones)
immediately following their enrollment; for adolescents, EMA
prompts began after inpatient discharge (as they did not have access
to their smartphone on the psychiatric unit). EMA prompts occurred
six times daily for the first 3 months (84 days) of the study. The first
and last surveys of the day were at scheduled times, with other
prompts sent randomly within predefined intervals. For 3 months
after the EMA period, participants received one prompt per day.
EMA surveys took under 5 min to complete and included questions
assessing facets of suicidal thoughts and a range of affect states and
contextual factors. Participants were compensated $1 for each
completed survey. After 3 consecutive days of no data, study staff
attempted to reach participants to troubleshoot issues with the
technology and encourage them to reengage. After five unanswered
contacts over 26 days, participants were considered lost to follow-up
(though still able to reengage at any point up until 6 months).

Risk Monitoring and Response-Contingent Interventions

Briefly, the monitoring and response-contingent intervention
protocol consisted of a series of automated pop-up messages and
phone-based outreach from study staff. First, regarding the pop-up
messages, when a participant selected a response of >8 out of 10 on
the EMA item assessing suicidal intent (see the Measures section),
they were immediately presented with a pop-up message that stated
“We want you to stay safe” and notified them that they (a) would soon
be shown their safety plan (within the app), (b) would be sent an
automated message in about 15 min to check in, and (c) may soon be
contacted by phone. They were then presented with a follow-up
question that asked, “Are you going to kill yourself today?”” with the
following response options: “Yes,” “No,” and “Don’t know.” When
“No” was selected, a pop-up message appeared notifying the
participant that they would be shown their personalized safety plan
from the enrollment visit on the next screen and that the research team
may be in touch with them soon to check-in. For “Yes” or “Don’t
know” responses, participants were presented with a recommendation
to call their clinician, call 911, or go to the nearest emergency room,
and then asked to select which of these they would do (or “None of
the above”). During this series of pop-up messages, participants were
able to select a “back” button to return to (and potentially modify)
their suicidal intent rating before submitting the survey. If they
lowered their initial rating to below the high-risk threshold (<8), they
did not receive the automated pop-up messages again. Fifteen
minutes after selecting >8 on suicidal intent, participants received
another prompted, briefer follow-up survey assessing suicidal urges
and intent, as well as any resources they may have used.

Regarding phone-based outreach, selecting >8 on the suicidal
intent item triggered a real-time notification to the study risk
monitoring team, comprised of masters- or doctoral-level clinical
psychologists with training in suicide risk assessment. Within 24 hr
(but usually much sooner; the mean time elapsed from high-risk
response to outreach was 3.0 hr [SD = 4.8 hr]), between the hours of
9 a.m. and 9 p.m. and 7 days/week, a risk monitoring team member
contacted the participant via phone call (and potentially also text
message if the participant did not answer or respond promptly to the
call). For adolescents, the parent or legal guardian was contacted

first to notity them of the high-intent response, before contacting the
adolescent directly. Once the risk monitoring team member reached
the participant, they followed an established, detailed phone-based
risk assessment protocol. Based primarily on participants’ verbal
responses to questions about current suicidal intent and plan to kill
oneself within the next week, as well as real-time consultation with
other risk team members as needed, a risk monitoring team member
primarily either (a) reviewed, updated, and encouraged the
participant to use their safety plan and go to the ED if they became
unable to stay safe (if not at imminent risk) or (b) in the rare case of
imminent risk, enacted a structured protocol for connecting them
with emergency services immediately. The risk monitoring team
member could also develop a plan to call the participant back later
that day (often, 1 hr later) for a reassessment. The study used an
established, detailed protocol for cases when participants did not
respond promptly to such outreach, including repeat calls and texts,
contacting collaterals, and, as a very last resort, calling emergency
services.

Measures

A subset of specific EMA items was analyzed for the present
investigation.

Suicidal Intent

Suicidal intent was assessed with the following item: “Right now,
how strong is your intention to kill yourself today?” Participants
responded on a O (I am definitely not going to kill myself today) to 10
(I am definitely going to kill myself today) scale. Ratings of >8 on this
item triggered the study’s response-contingent intervention protocol,
as detailed above.

Suicide Urge

Suicide urge was assessed with: “Right now, how strong is your
urge to kill yourself?” Participants responded on a 0 (not at all) to 10
(very strong) scale.

Negative Affect

Overall negative affect was assessed with the following item:
“Right now, how much do you feel negative?” with an accompanying
definition for negative (“‘generally, how negative you feel right
now”). Responses were on a 0 (not at all) to 10 (very much) scale.

Positive Affect

Overall positive affect was assessed with an item (and definition)
analogous to the above item for negative affect, but with “positive”
substituted for “negative.”

Analytic Strategy

All data processing and analysis were conducted in R (R Core
Team, 2022) and used the tidyverse package (Wickham et al., 2019).
For the present investigation, data were only used from the first 3
months of the study, when EMA surveys were prompted six times
per day.
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Response Types

Our definitions for response types to the suicidal intent item
are below.

High-Risk Response. We defined high-risk response as a
submitted EMA survey with the suicidal intent item rated >8 (and
for which the response was not determined to be a mistake,
per below).

Mistake Response. We defined mistake responses as observa-
tions when a participant initially selected (and may have submitted)
arating of >8 on the EMA item assessing suicidal intent, but upon
potentially being contacted by the research team, confirmed that
they meant to record a different (non-high-risk) rating and there
were no indicators (e.g., response >5 on suicide urge or verbal
indications of distress) that the initial selection of >8 for intent was
not a mistake.

Lowered Response. We defined lowered response as non-
mistake observations when a participant initially selected >8 on
suicidal intent, thus triggering a web-based notification to the study
team, but after viewing the automated pop-up messages and prior to
submitting the survey, lowered their response to <8, meaning their
final submitted response fell below the high-risk threshold.

Question 1

We approached the question of whether the suicidal ratings that
follow a high-risk response-contingent intervention differ from the
ratings that do not follow a response-contingent intervention from a
regression discontinuity analysis framework. In brief, regression
discontinuity allows researchers to probe the effects of an intervention
in observational studies in which a specific criterion is used to assign
participants to receive or not receive the intervention (e.g., there is no
randomization; Gelman et al., 2021). In other words, regression
discontinuity can be used to investigate the effects of interventions that
are delivered based on a given assignment variable: in this case,
reaching a threshold of >8 on the suicidal intent EMA item. One
conceptual assumption driving our discontinuity analysis was that
suicidal intent ratings that fall just above the high-risk intervention
threshold should reflect a similar “true” or underlying level of suicidal
intent as the ratings that fall just below the threshold; thus, in the
absence of any interventions occurring at the threshold, we would
expect the responses that follow ratings falling just above the threshold
(e.g., intent = 8) to be similar or perhaps, due to autocorrelation,
slightly higher overall than those following ratings that fall just below
the threshold (e.g., intent = 7).

To test for discontinuity at the response-contingent intervention
threshold, we built a series of multilevel regression models using the
R package Ime4 (Bates et al., 2015), in which previous suicidal
intent ratings were used to predict future suicidal intent ratings, with
random effects for participants. Our primary model used suicidal
intent at time ¢ to predict suicidal intent at 7 + 1 (the next completed
EMA) in those participants who provided at least one high-risk
response during the study. Our secondary model used only those
participants with exactly one high-risk response; this offered a
potentially more stringent test of discontinuity as the intervention
threshold could not have been “learned” prior to the first (and for
these participants, only) time a high-risk rating was selected (as they
were not informed about the specific threshold during enrollment).
All discontinuity models were restricted to observations for which

previous suicidal intent ratings were >5 to reduce the imbalance
between those that triggered and did not trigger interventions.

Key to regression discontinuity analysis, we centered suicidal
intent at 7 on the intervention threshold by subtracting 7.5 from each
rating and included a variable indicating whether suicidal intent at ¢
was >8 (with 0 = suicidal intent was 5, 6, or 7 so response-contingent
interventions were not triggered and 1 = suicidal intent was 8, 9, or 10
so interventions were triggered) as our discontinuity term. Examining
the significance (using a threshold of p < .05) of the discontinuity
term coefficient allowed us to determine if crossing the threshold used
to trigger the interventions at ¢ predicts suicidal intent at 7 + 1 over and
above the continuous effect of increasing levels of intent at ¢ (e.g.,
from 5 to 6 to 7), thus potentially suggesting that the response-
contingent interventions have a specific association with subsequent
responses. The direction of the discontinuity term would indicate
whether crossing the intervention threshold predicts higher (i.e.,
positive discontinuity) or lower (i.e., negative discontinuity) future
responses over and above the continuous effect of increasing intent.
We also built exploratory models using other constructs (suicide urge,
negative and positive affect) as outcomes at ¢ + 1 to assess for
discontinuity for items beyond only that used to trigger the
interventions. We also built two “placebo” models testing
hypothetical intervention thresholds (of >7 and >9) to determine
if discontinuity exists only at the actual high-risk threshold (>8). All
models controlled for each participant’s mean previous intent and
included hours elapsed (centered at a 2-hr time gap) between
observations (¢ and ¢ + 1) as an interaction term with both the previous
intent rating and discontinuity term and excluded mistakes that were
not corrected before submitting the survey.

Importantly, we also sought to determine whether any observed
discontinuity is clearly attributable to the response-contingent
interventions exerting an effect on future survey responses and not,
for example, other phenomena such as regression to the mean—
meaning, relatively high-intent ratings to be followed by lower intent
ratings and relatively low ratings to be followed by higher ratings.
Thus, as a robustness check, we ran a second series of multilevel
regression models in which the temporal order of predictor and
outcome variables were switched. These analogous models tested
whether future suicidal intent (at 7) predicts previous suicidal intent
(e.g., at t — 1) rather than, as detailed above, previous intent (at f)
predicts future intent (e.g., at ¢ 4+ 1). As it is impossible for
interventions triggered by a response at ¢ to influence responses prior
to ¢, we would interpret significant discontinuity coefficients in these
“backward-in-time” models to suggest that discontinuity at the high-
risk threshold cannot explicitly be attributed to intervention effects.

Question 2

To determine whether participants are less likely to complete
surveys after receiving response-contingent interventions, we tested
whether a survey prompt occurred before or after a response-
contingent interventions predicts the likelihood of survey comple-
tion. We ran a series of multilevel binomial regression models in
which whether a survey prompt occurred before or after a participant
first received response-contingent interventions was the (binary)
independent variable and whether or not a survey prompt was
completed was the (binary) dependent variable, with random effects
for participants. These models also controlled for day in study (given
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the overall observed reduction in EMA response rates over time).
The first model used all participants who received a response-
contingent intervention (for any high-risk, lowered, or mistake
response), and the second and third models were run only among
adults and then adolescents, respectively, who received an
intervention. For all models, we also required that participants’
first response-contingent interventions occurred at least 4 (but less
than 81) days into the study to ensure that there were at least 3 days
of prompts both before and after receipt of interventions for valid
comparisons.

Question 3

To explore how often participants lower an initially high suicidal
intent rating after receiving automated response-contingent pop-up
messages (as this may reflect an attempt to evade receiving a
response-contingent intervention and thus suggest reactivity), we
first calculated the percentage of participants (adults and adoles-
cents) to lower an initially selected high-risk rating during the study,
as well as the percentage of initially selected high-risk ratings that
were lowered after viewing the automated pop-up interventions but
prior to submitting the survey, excluding mistake responses. We
then fit a multilevel logistic regression model in which sample
(adults vs. adolescents) was the (binary) independent variable
and whether a survey for which the response to the intent item
was initially rated >8 was lowered to <8 prior to submitting
(i.e., lowered vs. submitted high-risk response) was the (binary)
dependent variable.

Results
Descriptive Statistics
Sample Demographics and STB History

The average age of the adult sample (» = 180 who provided
demographic information) was 31.20 years (SD = 11.27, range = 18—
69). Among adults, 51.98% identified as female, 38.98% as male,
3.39% nonbinary/gender nonconforming, 2.26% transgender men,
1.69% transgender women, and 1.69% other. Of adults, 76.70%
identified as White, 13.07% Black, 5.11% Asian, 2.27% American
Indian/Alaskan Native, and 8.52% other (participants could select
multiple); 11.9% of adults identified as Hispanic/Latinx. For
adolescents (n = 227 with demographic data), the average age was
14.87 years (SD = 1.65, range = 12-18). Of adolescents, 64.44%
identified as female, 16.44% nonbinary/gender nonconfirming,
11.11% male, 3.11% transgender men, and 4.89% other. Among
adolescents, 83.48% identified as White, 12.05% Asian, 5.36% Black,
0.89% Native Hawaiian/Pacific Islander, 0.45% American Indian/
Alaskan Native, and 4.91% other; 9.63% were Hispanic/Latinx.1

Regarding self-reported history of STBs (Fox et al., 2020) at
baseline, 53.3% of adults had made a lifetime suicide attempt (of
these, 30.2% made an attempt in the past month), and the mean
number of days in the past week with suicidal thoughts was 3.53
(SD = 2.51). Among adolescents, 62.6% reported a lifetime suicide
attempt (of these, 62.0% made an attempt in the past month), and the
mean number of days in the past week with suicidal thoughts was
3.9 (SD = 2.47).

EMA Compliance

Participants enrolled up until September 1, 2022, were included in
this investigation. Over the first 3-month EMA period, across all
enrolled participants, a total of 62,066 prompted EMA surveys (M =
143.01 per participant, SD = 133.86) were completed, for an overall
compliance rate of 29.04% per participant (47.81% of days, on
average, with at least one completed survey). Adults completed 30,334
prompted surveys (M = 153.20, SD = 150.72), and adolescents
completed 31,732 surveys (M = 134.46 per participant, SD =
117.53).% Regarding responses included in our primary discontinuity
models (Question 1), the median duration between completed surveys
was 3.17 hr (M = 7.90, SD = 30.04); between high-risk responses and
the next completed survey, the median duration was 3.75 hr (M =
18.99 hr, SD = 67.67). Of all included index survey responses, 96%
were followed by another completed survey within 24 hr, and for high-
risk responses only, 88% had another completed survey within 24 hr.

Question 1: Suicidal Intent Following
Response-Contingent Interventions

Figure 1 presents a joint distribution of previous (at #) suicidal
intent and subsequent (at # + 1) suicidal intent ratings. All participants
(N = 434) are included in Figure 1, though only those participants
who provided the specific suicidal intent rating indicated on each axis
are reflected in the dark red solid circles (see note below the figure).
First, the zero-inflated nature of the suicidal intent item and relative
sparsity of responses at or above 8 (the high-risk intervention
threshold) are evident. This plot also indicates an overall positive
linear association between previous and subsequent intent ratings
through previous intent of 7 (and most clearly from O through 5).
There is an observable reduction in the association between previous
and future suicidal intent at previous intent ratings of 8, suggesting
the potential for negative discontinuity at the high-risk threshold.

A total of 62 participants (14.29% of the overall sample) provided at
least one high-risk (neither lowered nor mistake) response during the
study (n = 35 adults [17.68% of all adults] and n = 27 [11.44%]
adolescents™); this was the subsample used for the primary discontinuity
model. Results from the primary and secondary multilevel linear
regression models (suicidal intent at 7 predicting suicidal intent at 7 + 1,
with a discontinuity term set at the response-contingent intervention
threshold and controlling for both time between observations and mean
suicidal intent at 7) are presented in Table 1. In the primary hypothesized
model (n = 62 with at least one high-risk response), the discontinuity
term (—0.44) was negative and nonsignificant (p = .05 1).% In our

' Demographics for the primary subsamples in Question 1 (n = 62) did not
differ significantly from the overall samples.

2 For the primary subsamples in Question 1 (n = 62), 81.2% of adults
reported a lifetime attempt (38.5% past month), and mean number of days
with suicidal thoughts in the past week was 3.77 (SD = 3.01); for adolescents,
74.1% reported a prior attempt (45.0% past month); the mean number of past-
week days with suicidal thoughts was 4.29 (SD = 2.74).

* Compliance for the primary Question 1 subsamples (n = 62) was higher
(M = 197.13 EMAs) than the overall sample.

*There was not a statistically significant difference between the
proportions of adults versus adolescents with at least one high-risk response
(p = .064).

3 As a robustness check, we also ran this primary model when excluding
lowered responses; without lowered responses, the negative discontinuity
term was similar in magnitude (—0.39) and nonsignificant (p = .09).
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Figure 1
Joint Distribution of Previous (at t) Suicidal Intent and Subsequent
(at t + 1) Suicidal Intent Ratings in the Full Sample (N = 434)
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Note. Small black dots represent raw observations across all participants.
Large, dark red solid circles show the overall mean across participant-level
mean responses for each suicidal intent rating; each large solid circle only
includes participants who provided the specific suicidal intent rating at any
point during the study. The error bars are bootstrapped confidence intervals
(Cls) at the level of participant means. The dashed vertical line indicates the
high-risk response-contingent intervention threshold (suicidal intent ratings
of >8). See the online article for the color version of this figure.

secondary model, among only those participants with exactly one high-
risk response (n = 29), the resultant discontinuity term was negative
(—1.42) and significant (p < .05). Results from the “placebo”
discontinuity models using hypothetical thresholds of 7 and 9 are
presented in Supplemental Tables S1 and S2; the resultant discontinuity
terms were positive and small (0.01 and 0.08, respectively), and not
significant (p = .94 and p = .86, respectively).

Table 1

Results from the exploratory models using other constructs
(suicide urge, negative affect, and positive affect) at + + 1 as
outcomes are presented in Supplemental Table S3. Negative,
statistically significant discontinuity terms were observed for both
future suicide urge (p < .05) and negative affect (p < .01),
suggesting the presence of negative discontinuity at the high-risk
threshold for these other constructs distinct from but closely related
to suicidal intent. The discontinuity term for positive affect,
however, did not reach statistical significance.

Regarding our robustness checks, Figure 2 presents discontinuity
terms and slope coefficients from a series of models using previous
intent to predict future intent (through ¢ + 10; i.e., the tenth next
completed survey) and an analogous series of backward-in-time
models using future intent to predict previous intent (through ¢ — 10;
ie., the tenth previous survey). The discontinuity and slope
coefficients for these two sets of models generally mirror each other,
with discontinuity terms and slopes decreasing overall in magnitude
when moving both forward and backward in time from the index
survey, forming concave shapes. This suggests an overall similarity
in both discontinuity and slope when moving forward and backward
in time. Results from the model using future intent (at 7) to predict
previous intent (at  — 1) in all participants with at least one high-risk
response (n = 62) are shown in Table 2. For this model, the
discontinuity term (—0.47) was negative and significant (p < .05),
indicating that future suicidal intent predicted previous intent at the
high-risk threshold over and above increasing future intent. In the
subset of participants with exactly one high-risk response (n = 29),
the discontinuity term from the model using future intent to predict
previous intent was large and negative (—0.75) but not statistically
significant (p = .28; Table 2). We also found significant, negative
discontinuity coefficients in the analogous models using future
suicidal intent (at f) to predict both previous suicide urge and
negative affect (at # — 1) ratings (Supplemental Table S4).

Multilevel Models Testing Discontinuity at High-Risk Threshold: Previous Suicidal Intent Predicting Future Suicidal Intent

Future suicidal intent

Participants with at least one
high-risk response (n = 62)

Participants with exactly one
high-risk response (n = 29)

Predictor Estimate 95% CI p Estimate 95% CI p
(Intercept) 2.88 [2.39, 3.37] <.001 343 [2.56, 4.30] <.001
Time between surveys -0.02 [-0.02, —0.01] <.001 —0.11 [-0.18, —0.05] .001
Previous suicidal intent (value) 0.32 [0.19, 0.46] <.001 0.10 [-0.25, 0.44] .583
Previous suicidal intent (mean) -0.69 [0.53, 0.84] <.001 0.35 [0.15, 0.55] .001
Previous high-risk response (discontinuity term) —0.44 [-0.89, 0.00] .051 —1.42 [-2.79, —0.05] .042
Time Between Surveys X Previous Intent (value) —0.00 [-0.01, —0.00] 007 —0.04 [-0.07, —0.02] .001
Time Between Surveys X High-Risk Response 0.02 [0.00, 0.03] 023 0.13 [0.04, 0.21] .003
Random effects
o’ 3.35 4.10
Too participant 0.61 0.09
CC 0.15 0.02
Npunicipant 62 29
Observations 1880 361
Marginal R%conditional R? 0.267/0.380 0.133/0.152

Note.

Previous observations at ¢ and future observations at ¢ + 1. Time between surveys refers to the hours elapsed between observations at ¢ and ¢ + 1,

centered at a 2-hr gap. Previous suicidal intent (value) centered on the high-risk threshold by subtracting 7.5 from the actual response. The discontinuity
term indicates whether the response at # was high-risk or not. Bolded p values are significant at <.05. CI = confidence interval; ICC = intraclass correlation

coefficient.
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Figure 2
Discontinuity Coefficients for Prediction of Suicidal Intent Forward and Backward in Time
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In summary, we observed some evidence of negative discontinu- response. Results for the primary hypothesized model for future
ity for both subsequent and previous suicidal intent, suicide urge, suicidal intent ratings, however, did not reach statistical significance
and negative affect ratings at the threshold used to trigger response- (p = .051), ultimately yielding mixed support for our hypothesized

contingent interventions among participants with a high-risk effects.
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Table 2

Multilevel Models Testing Discontinuity at High-Risk Threshold: Future Suicidal Intent Predicting Previous Suicidal Intent

Future suicidal intent

Participants with at least one
high-risk response (n = 60)

Participants with exactly one
high-risk response (n = 27)

Predictor Estimate 95% CI1 )4 Estimate 95% CI1 p
(Intercept) 2.95 [2.41, 3.49] <.001 2.99 [2.09, 3.89] <.001
Time between surveys -0.02 [—0.04, —0.00] .037 -0.05 [-0.12, 0.02] 143
Future suicidal intent (value) 0.42 [0.29, 0.56] <.001 0.18 [-0.15, 0.52] 284
Future suicidal intent (mean) 0.66 [0.49, 0.84] <.001 0.47 [0.23, 0.71] <.001
Future high-risk response (discontinuity term) -0.47 [-0.91, —-0.02] .039 -0.75 [-2.12, 0.61] .280
Time Between Surveys X Future Intent (value) -0.01 [—0.02, 0.00] .080 -0.02 [—0.05, 0.01] 278
Time Between Surveys X High-Risk Response 0.02 [—0.01, 0.04] .298 -0.04 [-0.25, 0.16] .685
Random effects
o’ 321 3.77
T00 participant 0.92 0.39
0.22 0.09
Nparlicipan[ 60 27
Observations 1890 364
Marginal R*/conditional R 0.251/0.417 0.121/0.203

Note. Future observations at ¢ and previous observations at ¢+ — 1. Time between surveys refers to hours elapsed between observations at + — 1 and ¢,
centered at a 2-hr gap. Future suicidal intent (value) centered on the high-risk threshold by subtracting 7.5 from the actual response. The discontinuity term
indicates whether the response at # was high-risk or not. Bolded p values are significant at <.05. Two fewer participants included in these models (n = 60)
than those in Table 1 because for two participants, the first and only time they provided a suicidal intent rating of >5 was their first completed survey, so
there were no relevant previous observations at t — 1. CI = confidence interval; ICC = intraclass correlation coefficient.

Question 2: Survey Completion Following
Response-Contingent Interventions

Results from three multilevel logistic regression models (for all
participants who received response-contingent interventions [for a
high-risk, lowered, or mistake response] during the study, then
broken down by adults and adolescents) indicated that, when
controlling for day in study, EMA completion did not differ from
before to after response-contingent interventions (Table 3).°

Question 3: Lowered Responses Following
Automated Pop-Up Messages

Actotal of 31 (7.14%) participants (8 [4.04%] adults and 23 [9.75%]
adolescents; *(1, N = 434) = 5.284, p < .05) had at least one lowered
response during the study (i.e., they initially selected a high-risk
rating on suicidal intent but after viewing the automated response-
contingent pop-up messages, lowered their rating to below the high-
risk threshold before submitting the survey). After excluding mistake
responses, over one fifth (22.13%) of all suicidal intent ratings that
were initially rated >8 were lowered to below the threshold after
viewing the automated pop-up messages (9.80% of initially high-risk
ratings for adults compared to 42.86% for adolescents). For lowered
responses, the most common final submitted response was 7 (the
maximum rating that still falls below the high-risk threshold; 27.78%
of lowered responses), followed by 6 (16.67% of lowered responses)
and 0 (also 16.67%). The multilevel logistic regression model showed
that adolescents were significantly more likely than adults to lower
initially high-risk ratings to below the high-risk threshold after
automated pop-up messages (Table 4).”

Discussion

Real-time monitoring is increasingly used in suicide research with
the goals of better understanding how STBs unfold in real time,

improving suicide risk prediction, and informing intervention
development. Receiving information in real-time or very close to it,
however, about participants’ current suicidal thoughts poses critical
questions related to whether (and how) researchers should intervene
with the goal of preventing suicidal behavior from occurring during
these studies. One largely unaddressed consideration is that
monitoring of incoming data and delivery of response-contingent
interventions could affect participant responding, perhaps either
due to interventions effectively reducing STBs or reactivity. In the
present study, we sought to understand whether monitoring and
intervening on high-risk responses in a large EMA study of suicidal
adults and adolescents has an impact on collected data. Overall,
we found some evidence that response-contingent interventions
involving outreach from the research team may exert effects on
study data. First, although we observed some evidence of
discontinuity in responses at the high-risk intervention threshold,
discontinuity could not specifically be attributed to the response-
contingent interventions. Second, response-contingent interventions
did not impact the likelihood of completing surveys. Third, lowering
one’s initial suicidal intent ratings to below the high-risk threshold
after viewing response-contingent pop-up messages notifying them
to expect contact from the study team was common, and adolescents
were more likely to do so than adults. Below, we discuss each of
these findings in detail.

First, we found some evidence of negative discontinuity in
subsequent suicidal intent ratings at the high-risk intervention
threshold. Specifically, in the secondary model (using only those

 Models run using the 62 participants from Question 1 who received
response-contingent interventions specifically for a high-risk response (not
only for lowered responses or mistakes) produced the same nonsignificant
results.

7 We additionally tested if other demographic (gender and race) or clinical
characteristics (history of suicide attempt) were associated with lowered
responses; each of these other multilevel models was not significant.
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Table 3

Multilevel Models Comparing Survey Completion Before Versus After Response-Contingent Intervention

Survey completed

Participants who received

Adults who received interventions Adolescents who received

interventions (n = 89) (n=41) interventions (n = 48)
Predictor OR 95% CI )4 OR 95% CI P OR 95% CI P
(Intercept) 0.56 [0.48, 0.66] <.001 0.56 [0.44, 0.70] <.001 0.57 [0.46, 0.70] <.001
Day in study 0.99 [0.99, 0.99] <.001 0.99 [0.99, 1.00] <.001 0.99 [0.99, 0.99] <.001
Before versus after first intervention 0.96 [0.91, 1.02] 184 1.01 [0.93, 1.10] .803 0.94 [0.87, 1.02] 133
Random effects
¢’ 3.29 3.29 3.29
T00 participant 0.56 0.57 0.54
0.15 0.15 0.14
Nparlicipan[ 89 41 48
Observations 7,488 3,449 4,039
Marginal R%/conditional R? 0.014/0.158 0.006/0.152 0.026/0.162

Note.

Included participants are those who received response-contingent interventions (for a high-risk, lowered, or mistake response) at least four but

fewer than 81 days into the study. Before versus after intervention referred to whether a prompted EMA survey occurred before or after a participant’s first
response-contingent intervention. The outcome variable was whether or not a prompted EMA was completed. Bolded p values are significant at <.05. CI =
confidence interval; EMA = ecological momentary assessment; ICC = intraclass correlation coefficient.

participants with exactly one high-risk response) but not the primary
model (all participants with at least one high-risk response), when a
response to the suicidal intent item exceeded the high-risk threshold
(=8 out of 10) and thus resulted in response-contingent interven-
tions, there was a stronger ‘“downward pull” for the next rating than
when a response to the suicidal intent item was still elevated but did
not exceed the high-risk intervention threshold (>5 but <8). Given
that we might expect ratings following a response of 8 on suicidal
intent, for example, to be very similar to those following a rating of 7,
this result was noteworthy and poses the possibility that response-
contingent interventions may have impacted subsequent responses.
However, the backward-in-time model corresponding to the primary
hypothesized model also showed significant negative discontinuity
(with an estimate of similar magnitude to that from the forward-in-
time model) at the high-risk threshold, whereas the backward-in-time
model corresponding to the secondary model did not (although the

Table 4
Multilevel Model Testing Lowered Responses by Age Group

Lowered response

Predictor OR 95% CI P
(Intercept) 0.00 [0.00, 0.11] 001
Age (adults vs. adolescents) 70.88 [3.39, 1481.04] .006
Random effects

¢’ 3.29
Too participant 27.79
CcC 0.89
Npunicipam 84
Observations 242
Marginal R%conditional R? 0.121/0.907

Note. Results from a multilevel logistic regression model with random
effects for participants. The outcome was whether or not an initially
selected high-risk rating for suicidal intent was immediately and explicitly
lowered to below the high-risk threshold after viewing the response-
contingent automated intervention but prior to submitting the survey.
Bolded p values are significant at .05. CI = confidence interval; ICC =
intraclass correlation coefficient.

discontinuity term was still large and negative). In other words, for the
larger sample of participants with at least one high-risk response,
when a response to the suicidal intent item was high risk, there was
also a stronger downward pull for the previous rating than when a
response fell just below the high-risk threshold. As it is impossible for
a response-contingent intervention to causally influence ratings prior
to the intervention, the fact that we saw negative discontinuity at the
high-risk threshold in this backward-in-time model suggests that
discontinuity may not necessarily be due to the interventions exerting
an effect on responses.

It is also noteworthy that we saw evidence of discontinuity from
both forward-in-time and backward-in-time models for suicide urge
and negative affect, not only the item used to trigger interventions
(suicidal intent). This could be interpreted to suggest that participants
may have suppressed their ratings on multiple items to avoid
intervention because, as noted earlier, they were not made aware of
the specific triggering item (or threshold) at the start of the study. It is
also possible, however, that participants quickly “learned” that only
their responses to suicidal intent triggered interventions. Along these
lines, the fact that we saw discontinuity for these other related items
(albeit in both forward- and backward-in-time models) may also be
interpreted to indicate that participants did not alter their subsequent
responses specifically to avoid intervention.

Although it is still unclear why we observed some evidence of
discontinuity only at the high-risk threshold (7 vs. 8) and not at other
“hypothetical” thresholds (e.g., 6 vs. 7 or 8 vs. 9), there are other
explanations that could help explain discontinuity in ratings
surrounding (both before and after) high-risk responses. First,
regression to the mean would result in relatively high ratings to
generally be followed by lower ratings and relatively low ratings to
be followed by higher ratings. Second, elevated suicidal intent may
be a highly unstable psychological state, and therefore, such states
tend to be preceded and followed by fluctuations of greater
magnitudes than more moderate suicidal intent states. In other
words, people may be less likely to stay at elevated levels of suicidal
thinking across multiple momentary observations over short time
periods. Recent descriptive work observing high instability of
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suicidal thoughts—both intent and urges—over minutes/hours
(Coppersmith, Ryan, et al., 2022; Kleiman et al., 2017) supports this
possibility.

It is also possible that relatively low number of high-risk
responses in the study overall may have rendered our discontinuity
model results unreliable. Although we enrolled a high-risk clinical
sample and monitored participants during the period of highest
known risk for suicide (posthospital visit for STBs), the sparsity of
high-risk responses may not be unexpected given that the use of a
suicidal intent item assessing the intention to kill oneself roday (a
specific, short-term timeframe) on a scale with fairly extreme
anchors (e.g., 10 = “I am definitely going to kill myself today”). It is
also possible that participants avoided using the high end of the
suicidal intent rating scale due to being made aware at the start of the
study that the researchers would intervene if they were at immediate
risk of suicide; this may represent a more general form of reactivity
to the awareness that one’s responses may trigger interventions.
Along these lines, the relative sparsity of high-risk responses may
also partially reflect that the actual deployment of interventions
either effectively reduced the risk of STBs among those who
provided at least one high-risk response (i.e., treatment effects) or
reactivity following receipt of a response-contingent intervention.
Future studies with relevant control conditions are needed to
conclude definitively whether people are less likely to report high
suicidal intent when made aware that their responses may trigger
interventions or report high suicidal intent again after response-
contingent interventions.

Second, the likelihood of responding to survey prompts did not
change significantly from before to after receiving response-
contingent interventions when controlling for the general trend of
reduced compliance over time. We had hypothesized that
participants would be less likely to respond to survey prompts after
receiving response-contingent interventions, perhaps either due to
reactivity to the interventions (e.g., reduced willingness to respond to
surveys and thus potentially receive another intervention from the
research team) or reports of high suicidal intent being followed by
initiation of higher levels of care (e.g., inpatient hospital stays) that
could present barriers to participants continuing to complete
surveys regularly. We also considered the opposite trend (compli-
ance increasing after receiving response-contingent interventions),
perhaps due to participants feeling more cared for by the study team
or connected to the research and thus more motivated to complete
surveys after interventions. Overall, however, our finding that
compliance did not change significantly from before to after the
response-contingent interventions suggests that intervening on high-
risk responses with pop-up messages and direct outreach from the
study team may be unlikely to impact whether or not participants
respond to future prompts.

Our third aim was to explore the phenomenon of lowered
responses, which may suggest reactivity to response-contingent
interventions. We found that just over 20% of the time that
participants selected a high-risk rating, they lowered their initial
rating to below the high-risk threshold after viewing the response-
contingent pop-up messages but before submitting the survey. Due
to the close temporal proximity of viewing the pop-up messages and
lowering the initial rating, we presume that participants tended to
change their initial responses in an attempt to evade outreach from
the study team. Additionally, the fact that 7 (the highest possible
rating that still falls below the high-risk threshold) was the most

common final submitted rating for lowered responses may suggest
that evasion of outreach best explains this phenomenon. It is also
possible, however, that lowered responses were due to suicidal
intent dropping naturally over the course of seconds/minutes or
other content included in the pop-up messages (e.g., reminder to
contact clinical resources) having an immediate therapeutic benefit
and participants deciding to “update” their intent rating before
submitting the survey. Because we were only aware of initially high-
risk ratings that were changed (due to the selection of >8 triggering
the automated notification to study staff), not non-high-risk ratings
that may have been changed prior to submitting the survey, we were
unable to test whether participants were more likely to change initial
(high-risk) ratings that triggered response-contingent interventions
than those (non-high-risk) ratings that did not.

We also found that lowered responses were more common in the
adolescent than the adult sample. If such lowered responses are
indeed reflective of attempts to evade outreach from the study team,
this finding would suggest that adolescents may be more reactive to
the possibility of receiving outreach from the study team when
experiencing high suicidal intent. The study’s response-contingent
intervention protocol included first contacting adolescents’ parents
or guardians prior to contacting the adolescent, which could be
perceived as aversive, for example due to the potential for parents to
initiate unwanted conversations, alert the adolescent’s providers,
bring them to the hospital, or take other undesirable actions. This
procedural difference may have contributed to the higher rate of
lowered responses among adolescents, as well as a lower (although
not statistically different) percentage of adolescents who provided at
least one “real” (not lowered) high-risk response in general during
the study. Adolescents may also find other aspects of the outreach
protocol more aversive than adults; for example, speaking to an
adult member of the study team during moments of acute distress
may be especially unappealing. It is possible that interventions that
do not involve call-based outreach (e.g., those delivered over text or
that are fully automated) or do not directly involve parents/guardians
may be viewed as more acceptable. It is also possible that the higher
likelihood of lowered responses for adolescents may be due to other
factors (e.g., rapid changes in suicidal intent over the course of
seconds/minutes and a tendency to “update” one’s ratings before
survey submission, developmental considerations) that may differ
between adolescents and adults.

In summary, in this observational study, we found mixed support
overall for high-risk response-contingent interventions having an
impact on participants’ responses. It is especially noteworthy,
however, that adolescents were significantly more likely than adults
to lower initially elevated suicidal intent ratings after viewing
response-contingent  pop-up messages. Whether response-
contingent interventions influence participants’ responses (and
the nature of effects) may, of course, be different for different
people: an issue we return to in the Future Directions section.

Limitations

These findings must be considered in the context of several
limitations. First, as stated above, data were drawn from a study that
was not designed to experimentally evaluate the effects of response-
contingent interventions; as such, we lacked control conditions that
would permit between-person (or matched between-observation)
comparisons of response-contingent intervention effects on study
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data. Second, as noted above, high-risk responses were relatively
rare overall, which may have presented power issues that could have
impacted the stability of our multilevel models or, for the
compliance analysis, contributed to the null group-level findings.
We also lacked the statistical power to assess participant-level
heterogeneity in response-contingent intervention effects. Third,
and along these lines, overall EMA compliance was relatively low;
although not entirely unexpected given the clinically severe nature
of the sample and long monitoring period (e.g., Burke et al., 2017;
Jacobucci et al., 2023), this may have biased the current findings and
their generalizability. Our EMA data may not be missing at random;
for example, participants may have been less likely to complete
surveys when experiencing higher suicidal intent, and response
behavior may differ following high-risk periods during which
individuals chose to respond (vs. did not respond) to survey
prompts. Fourth, even in this severe clinical sample, suicide
attempts were (fortunately) relatively rare, which prevented us from
examining the impact of response-contingent interventions on
suicidal behavior. Fifth, we did not collect qualitative data from
participants on why they lowered their response to the suicidal intent
item after viewing the pop-up intervention, which means we do not
know whether lowered responses were attempts to evade outreach
from the study team or other reasons. Last, participants were
primarily White, non-Hispanic/Latinx, and female, which limits
the degree to which our results may generalize to more diverse
individuals.

Future Directions

The present research lays a foundation for several future
directions of research aimed to optimize intervention strategies
that are maximally effective at reducing the risk of proximal suicidal
behavior while also minimizing the potential for (unwanted forms
of) reactivity. First and foremost, research that leverages random-
ized between-group or rigorous within-person study designs, such
as the recent microrandomized trial (Klasnja et al., 2015; Qian et al.,
2022) to experimentally evaluate the effects of different types of
response-contingent interventions across a range of momentary
suicide risk levels is needed. This line of research has the potential to
provide more definitive conclusions as to whether there or not there
are positive or negative effects of response-contingent interventions
on participants (or study data) and also elucidate which types of
interventions (e.g., human outreach, automated pop-up messages,
interactive automated tools; e.g., Jaroszewski et al., 2019) are most
accessible and effective for whom (and when). The latter would
have implications far beyond the context of real-time monitoring
research but rather for detecting and intervening with those at risk
for suicide on a broader scale. As noted above, it is possible that
heterogeneity in response-contingent intervention effects exists
across individuals. Our analyses all consisted of group-level effects
due to power limitations; however, it is reasonable to suppose that
for some individuals, certain response-contingent interventions may
have minimal overall impact, whereas for others, the same
intervention(s) may be quite effective at reducing STBs, lead to
increased hesitancy (or more willingness) to disclose STBs again, or
even be harmful. Studies that take an idiographic approach to
assessing the effects of different real-time interventions aimed to
reduce short-term risk of suicidal behavior are needed. Last, more
studies that collect feedback from those with lived experience about

their experiences with and recommendations for response-
contingent interventions (e.g., Hom et al., 2021; Nock et al.,
2021), both within the context of EMA research and beyond, are
needed. This will directly inform the development and refinement of
person-centered intervention strategies for high-risk moments.

Conclusions

Overall, these results offer mixed support for the notion that
intervening on high-risk responses in real-time monitoring research
on STBs directly impacts study data. Adolescents do appear more
likely than adults, however, to modify their initial responses in
attempt to evade receiving phone-based outreach from researchers.
Future research that is explicitly designed to probe the effects of
monitoring and response-contingent interventions is needed to
identify and optimize effective, scalable intervention strategies for
moments of high suicide risk.
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