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LGBTQ+youth commonly have unmet mental health needs and are at elevated
risk for self-harm, yet many face persistent institutional barriers to accessing

support. Oneimpactful way to reduce risk and promote wellbeing is by support-
ing emotion regulation; that s, the process by whichindividuals caninfluence

whichemotions they feel, when they feel them and how they experience or
express these emotions. This universal, modifiable processis widely consi-
dered akey transdiagnostic target for mentalill-health prevention and inter-
vention efforts. We conducted arandomized controlled trial using Purrble, a
socially assistive robot designed to provide in-the-moment emotion regula-
tion support throughintuitive tactileinteraction. Between 12 January and
1September 2024,153 LGBTQ+ youth with self-harmideation were randomized
L:1toreceive Purrble and safety planning (Purrble + SP) or safety planning alone
(SP-Only), stratified by gender identity (50.3% transgender/gender diverse).
Datawere collected over 13 weeks, with data collection closing on 22 October
2024. The primary outcome was perceived emotion regulation difficulties at
follow-up, adjusted for baseline, gender identity and age. Participants allocated
tothe Purrbleintervention reported fewer emotion regulation difficulties

at follow-up than those allocated to safety planning alone (adjusted mean
difference: -3.04; 95% confidence interval (Cl): -4.92 to -1.16; P= 0.002; partial
n*=0.07).For secondary outcomes, participants in the Purrble intervention
alsoreported significantly lower symptoms of anxiety and depression, but no
significant main effect was observed for self-harm. No serious Purrble-related
adverse events were observed. Purrble may offer ascalable intervention to
complement existing therapeutic approaches to support LGBTQ+youthto
enhance their emotion regulation. ClinicalTrials.gov: NCT06025942.

Lesbian, gay, bisexual, transgender, queer or questioning (LGBTQ+)
youth are at increased risk for poor mental health outcomes, includ-
ing elevated rates of depression and anxiety'?, self-harm®* and
suicidality"**. In the United Kingdom (UK), an estimated 65.3% of
LGBTQ+ youth have a history of self-harm’. Internationally, LGBTQ+
youth are also atincreased risk of suicide®, being 3-6 times more likely
to attempt suicide than their cisgender, heterosexual peers*”.
Despite their heightened risk of poor mental health outcomes,
LGBTQ+ youth are less likely than their non-LGBTQ+ peers to seek or

receive treatment in traditional service settings®, due to both individual
andsystemicbarriers’ . In particular, LGBTQ+youthwhoself-harmreport
experiencingadditional barriers to treatment, exacerbated by fearsrelat-
ingtothedisclosure of self-harm, includingloss of personal agency, nega-
tive provider responses and being dismissed and/or stigmatized®'*>",
Such barriers highlight a critical need for innovative interventions for
LGBTQ+youthatrisk of self-harmoutside of traditional service contexts.

Digital mental healthinterventions are widely proposed as ascal-
able solution to address these gaps in support, and, among LGBTQ+
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youth, such interventions are generally rated as feasible and accept-
able™. Arecent review suggests that digital approaches embedded in
service settings (for example, Zoom-based therapy with a provider)
and/or providing explicit psychoeducation and skill development
(for example, self-guided adaptations of evidence-based therapies)
show the most promising evidence for reducing psychopathology in
LGBTQ+youth, although none has evaluated self-harm as an outcome®.
Digital supports that lack formal, structured components remain
underdeveloped and, when evaluated in this population, tend to show
weaker and highly variable effects”. Outside of the context of tightly
controlled trials, engagement and retention with such digital inter-
ventions in real-world settings are often insufficient to derive clinical
benefit’, reflecting systemicbarriers to access, privacy and sustained
use. This mismatch between the promise of these interventions and
their low real-world uptake underscores the need for approaches that
promote clinically meaningful skills and areintrinsically easy to weave
intoreal-world routines.

Oneemerging and promising approachinvolves the use of socially
assistive robots, which provide supporttoauser through social interac-
tions. Socially assistive robots have been evaluated in various contexts,
including education, family and healthcare settings with children'2°,
and have shown encouraging outcomes in enhancing motivation, sup-
porting skill development and improving predictors of poor mental
health, such as loneliness and stress”*>. One notable exampleis Purrble
(Fig.1), aplush, socially assistive robot developed through co-design
with youth®.

The primary target of Purrble is emotion regulation, whichis the
activation of a goal to influence emotion generation***. In practical
terms, thisinvolvesinfluencing which emotions arise, when they occur
and how these emotions are experienced or expressed®. Allindividu-
als engage in emotion regulation in response to everyday stressors,
a process involving multiple stages, including identifying emotions,
selecting and implementing strategies and monitoring their effects
over time?. Variation in how this process unfolds, such as which strate-
gies are used and in which context, has been shown to either support
psychological wellbeing or increase risk of experiencing a range of
mental health difficulties, in addition to self-harm**~**, As emotion
regulationisatransdiagnostic processrelevant across bothclinical and
non-clinical populations, it represents a powerful target for prevention
and intervention”*,

Unlike traditional emotion regulation interventions that rely on
in-session, therapist-guided skill building and psychoeducation®,
Purrble is designed to support emotion regulation in real-world set-
tings through in-the-moment, intuitive, self-directed interaction,
requiring no explicit instruction or prior orientation”?, Specifically,
Purrble targets early and late stages of the emotion regulation process,
redirecting attention away from distressing stimuli and promoting
physiological calming throughtactile engagement, thereby supporting
immediate downregulation of emotional arousal”*'. Purrble simulates
a heartbeat that responds to touch, transitioning from frantic vibra-
tionstoacalming ‘purr’asitis soothed by the user (see the intervention
sectioninthe Methods for amore thorough description). Thisreal-time
intervention offers private and consistently accessible support that
may be especially valuable for LGBTQ+ youth who face barriers to
accessing traditional mental health services. Indeed, LGBTQ+ youth
at risk of self-harm have indicated that engaging with Purrble is both
feasible and acceptable, with recent pilot work demonstrating its
potential tointerruptself-harmful thoughts and behaviors by promot-
ingin-the-momentimplementation of emotion regulation strategies®.
However, to date, no randomized controlled trials evaluating the effi-
cacy of the Purrble intervention have been conducted.

In the current preregistered trial (ClinicalTrials.gov:
NCT06025942), we evaluated the efficacy of access to Purrble and
safety planning (Purrble + SP) in improving emotion regulation and
reducing mental health symptom severity in a 13-week trial with

Fig. 1| Purrble: socially assistive robot intervention device. Image of the
socially assistive robot provided to participants in the intervention condition.
Interactive features include touch-responsive sensorsin the ears, feet and back
stripe, agyroscope for movement detection and an internal vibration motor that
generates heartbeat-like and purr-like sensations.

LGBTQ+ youthexperiencing thoughts of self-harm compared to safety
planning alone (SP-Only). Safety planning, a brief collaborative inter-
vention involving identifying warning signs, coping strategies and
sources of support”, is recommended by multiple guiding bodies as
standard (‘treatment as usual’) care for self-harm and suicidal presenta-
tions across practice settings®**. For this reason, we included safety
planning as a standard safeguarding procedure across conditions.
The primary objective was to determine the intervention’s impact on
emotion regulation (as measured by Difficulties in Emotion Regula-
tion Scale-8 (DERS-8)). Secondary objectives evaluated intervention
effects onkey clinical outcomes: (1) self-harm (Self-Harm Questionnaire
(SHQ)), (2) anxiety symptoms (Generalized Anxiety Disorder Scale-7
(GAD-7)) and (3) depression symptoms (Patient Health Questionnaire-9
(PHQ-9)). Post hoc analyses examined whether gender identity mod-
erated intervention efficacy, thereby addressing a limitation of pre-
vious research, which has often grouped together heterogeneous
groups of sexual orientation and gender identity minority groups,
potentially obscuring unique experiences and intervention needs of
transgender youth*,

Results

Participant disposition

Between 12 January and 1September 2024, 556 individuals registered
their interest in the trial, of whom 308 did not meet inclusion crite-
ria or did not respond to study communications. In total, 248 youth
completed the consent and demographics form, with 159 attending
the compulsory safety planning session conducted by adoctoral-level
member of the research team who had completed a 2-day Applied
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Registered interest (n = 556)

Excluded (n = 308)

- Not meeting inclusion criteria (n = 44)
No SH thoughts (n = 40)
Non-LGBTQ+ (n=4)

« No further response (n = 264)

Completed online consent and
demographics (n = 248)
- Completed online (n = 247)

Excluded (n = 89)
« Declined safety briefing (n = 6)
« Failed to attend safety briefing (n = 42)

« Directly contacted researchers
(n=1)

Attended compulsory safety briefing (n = 159)

- Withdrew during safety briefing (n = 3)

« Unable to attend safety briefing during trial period
(n =25)

- Unable to verify postal address (n = 2)

« Not eligible (n =11)

Excluded pre-randomization (n = 2)
« Unverifiable (n = 2)

Randomized (n = 157)

Excluded post-randomization (n = 2)
« Unverifiable (n=1)
» Withdrew from study (n =1)

Allocation o
Allocated to intervention (n = 77) Allocated to waitlist (n = 78)
| [
Follow-up
Lost to follow-up (e.g., weeks 11-13) (n = 5)
Lost to follow-up (e.g., weeks 11-13) (n = 7) « Withdrew (n=1)
Analysis

Analyzed (n =76)
- Misfiled consent form (n =1)

Analyzed (n =77)
« Unable to identify between cisgender and
gender diverse identity (n=1)

Fig.2| CONSORT flow diagram of participant progression through the trial. Diagram showing the numbers of participants assessed for eligibility, excluded,
randomized to each study condition, retained at follow-up and included in the final analyses. SH, self-harm.

Suicide Intervention Skills Training (ASIST) suicide prevention work-
shop. The session was also used to verify participant information
and allowed for the exclusion of two participants due to unverifiable
participant information. After briefing, two more individuals were
excluded; specifically, one withdrew and the other had an unverifiable
postal address.

Participants were individually randomized in a parallel 1:1 ratio,
using gender identity (cisgender versus transgender or gender diverse
(TGD)) as a stratification factor to ensure balanced allocation across
conditions at week 3. They were assigned to either the Purrble + SP
condition or the SP-Only condition.

Anadditional two participants were excluded at the analysis stage
due to misfiling errors within study records, resulting in a final ana-
lytic sample of 153 participants (Purrble + SP: n=76; SP-Only: n=77).
Recruitment, randomization and follow-up numbers are summarized
inthe CONSORT diagram (Fig. 2). Final data collection occurred on 22
October 2024.

Demographic characteristics were similar across conditions. Par-
ticipantsin the Purrble + SP and SP-Only groups were of equivalent age
at baseline (20.4 + 2.3 years versus 20.1 + 2.5years; t;5, 5= 0.86, P=0.39,
Cohen’sd=0.14,95% Cl:-0.18 t0 0.46). Both groups were predominantly

white (78.9% versus 71.4%) and sexually diverse (Table 1). Gender identity
was evenly distributed across the conditions, with 76 participants (49.7%)
identifying as cisgender and 77 participants (50.3%) identifying as TGD.
These characteristics are consistent with those typically reported in
research involving LGBTQ+ youth who engage in self-harm'**¢, The
elevated representation of gender-diverse participants in this sample
reflects the study’s recruitment priorities and design.

Participants completed an average of 12.4 questionnaires in the
Purrble +SP conditionand 12.9 questionnaires in the SP-Only condition
out of a possible 14 (intake (‘week 0’) through follow-up (‘week 13)).
Attrition was low overall, with 9.2% attrition in the Purrble + SP condi-
tion (seven out of 76 participants) and 6.5% attrition in the SP-Only
condition (five out of 77 participants). Across the full sample, regres-
sionanalysesindicated asignificant decline in weekly survey response
over time, with the average number of weekly respondents decreasing
by approximately 2.16 per week (s.e. = 0.29,t=-7.39, P < 0.001). When
examined by condition, survey response declined at a rate of -1.46
per week in the Purrble + SP group (s.e.=0.23, t=-6.22, P< 0.001)
and at a rate of —0.70 per week in the SP-Only group (s.e.=0.12,
t=-5.82, P<0.001) (see Extended Data Table 1 for rates over time). A
time x condition interaction (unstandardized regression coefficient
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Table 1| Participant characteristics by condition

Purrble + SP (n=76) SP-Only (n=77)

Age (years), mean (s.d.) 20.4(2.3) 20.1(2.5)
Gender identity, n (%)
Cisgender 39 (51.3) 37(48.)
TGD 37(48.7) 40 (51.9)
Sexual orientation, n (%)
Asexual 13 (17.) 9(M.7)
Bisexual 28(36.8) 25(32.5)
Demisexual 2(2.6) 1(1.3)
Gay/lesbian 11(14.5) 18 (23.4)
Heterosexual 1(1.3) 0(0)
Pansexual 8(10.5) 9(M1.7)
Queer 13 (17.1) 15 (19.5)
Race/ethnicity, n (%)
Arabic 0(0) 1(1.3)
Asian 10 (13.2) 17 (22.)
Black 1(1.3) 3(3.9)
Hispanic 2(2.6) 0(0)
White 60 (78.9) 55 (71.4)
Unknown 9(11.8) 5(6.5)

Five participants in the Purrble + SP condition and four participants in the SP-Only condition
reported multiple racial identities. Participants were coded as TGD if they reported being
transgender, trans-masculine/feminine, non-binary, agender, gender queer, questioning their
gender, genderfluid, demiboy/girl or any combination of these identities. Sexual orientation
and race/ethnicity were self-reported using open-text responses and subsequently coded
into discrete categories.

(B)=0.76,s.e.=0.26, P=0.009,95% Cl: 0.21-1.30) suggested a signifi-
cantly steeper rate of response decline in the Purrble + SP group. We
accounted for this difference in the sensitivity analyses.

Primary outcome: emotion regulation

Baseline (weeks1-3) and follow-up (weeks 11-13) descriptive statistics
are presented in Table 2. We fit an analysis of covariance (ANCOVA)
predicting follow-up emotion regulation difficulties from condi-
tion, gender identity, baseline emotion regulation and age (Table 3).
There was asignificant main effect of condition such that participants
assigned to Purrble + SPreported fewer emotion regulation difficulties
asmeasured by DERS-8 at follow-up (weeks 11-13) than those assigned
to SP-Only (B =-3.04,95% Cl:—4.92t0-1.16,s.e. = 0.95, P= 0.002; partial
n*=0.07), controlling for baseline, gender identity and age. In this main
effects model, gender identity and age were not significant predic-
tors of follow-up DERS-8 scores. Analysis of clinically reliable change
(Table 2) favored Purrble + SP, with significantly higher odds of reliable
improvementin DERS-8 scores compared to SP-Only (29% versus 14%;
oddsratio = 2.44,95% Cl:1.09-5.49, P= 0.03). Rates of reliable decline
did not differ significantly between groups.

Secondary outcomes
Self-harm. No significant main effects on self-harm were observed as
measured by SHQ screening questions (Extended Data Table 2).

Depression. Descriptive statistics for depressive symptoms, as
measured by the PHQ-9, are presented in Table 2. We fit an ANCOVA
predicting follow-up depressive symptom severity from condition,
gender identity, baseline depressive symptoms and age (Table 3).
There was a significant main effect of condition such that participants
assignedto Purrble + SPreported lower depressive symptom severity

atfollow-up thanthose assigned to SP-Only (B =-2.60, 95% Cl: -4.02 to
-1.19,s.e.=0.71, P< 0.001; partial 2 = 0.09), controlling for baseline,
gender identity and age. In this main effects model, neither gender
identity nor age were significant predictors of follow-up scores. Exami-
nations of clinically reliable change favored Purrble + SP, indicating
significantly higher odds of reliable improvement in the Purrble + SP
condition (odds ratio = 4.62, 95% Cl:1.85-11.53, P = 0.001) with no dif-
ferenceinreliable decline (Table 2).

Anxiety. Descriptive statistics for anxiety symptoms as measured by
the GAD-7 questionnaire are presented in Table 2. We fit an ANCOVA
predicting follow-up anxiety symptom severity from condition, gender
identity, baseline anxiety and age (Table 3). There was a significant
main effect of condition, indicating lower follow-up anxiety symp-
tom severity for participants in the Purrble + SP condition compared
to SP-Only (B =-1.35,95% CI: -2.66 to —0.04, s.e. = 0.66, P= 0.044;
partial n*=0.03), controlling for baseline, gender identity and age.
Gender identity and age did not significantly predict the severity of
anxiety symptoms at follow-up. However, analyses of clinically reliable
changeindicated that odds ofimprovement (odds ratio = 2.01, 95% CI:
0.92-4.36, P=0.079) did not differ significantly between conditions
(Table 2).

Safety

Three participants required reactive safeguarding for adverse events
during the trial: one from the Purrble + SP condition and two from
the SP-Only condition. During safeguarding contacts, participants
attributed their increased distress to life events external to the trial,
and noimminentrisk of self-harm or suicide was identified. However,
participantsinthe Purrble + SP condition reported feeling guilty about
not engaging with the device. They were reassured that there is no
‘right’ way to use Purrble, encouraged to switch off the device and
advised to reengage only if they felt comfortable. No serious adverse
events occurred.

Exploratory analyses

Emotion regulation. Following the preregistered plan, we fit a linear
mixed effects model with random intercepts and slopes for week,
including fixed effects of week, condition and their interaction and
controlling for gender identity and age (Extended Data Table 3). Emo-
tion regulation difficulties declined over time on average (B=-0.12,
P=0.007), and the week x condition interaction was significant
(B=-0.14, P=0.002), indicating different rates of change over time
by condition. Probing theinteractionindicated that emotion regulation
difficulties declined inthe Purrble + SP condition by approximately 0.27
points per week, whereas change in the SP-Only condition was minimal.

Depression. Following the preregistered plan, we fit a linear mixed
effects model with random intercepts and slopes for week, including
fixed effects of week, condition and their interaction and control-
ling for gender identity and age (Extended Data Table 3). Depressive
symptoms declined over time on average (B=-0.07, P= 0.045), and
the week x conditioninteraction was significant (B =-0.11,P=0.001),
indicating different rates of change over time by condition. Probing the
interactionindicated that depressive symptoms declined in the Purrble
+SP condition by approximately 0.18 points per week, whereas change
in the SP-Only condition was minimal. Unlike the ANCOVA models,
this model also showed a significant main effect of gender identity
(B=-0.82, P=0.034), indicating overall differences in depressive
symptoms by gender identity.

Anxiety. Following the preregistered exploratory analysis, we fit a
linear mixed effects model withrandomintercepts and slopes for week,
including fixed effects of week, condition and their interaction and
controlling for genderidentity and age (Extended Data Table 3). Anxiety
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Table 2 | Descriptive statistics and rates of clinically reliable change for primary and secondary outcomes

Outcome Condition N Mean (s.d.) Reliable improvement Reliable decline
Baseline Follow-up n (%) OR[95% Cl] P n (%) OR[95% Cl] P

Purrble 76 27.92 (5.10) 25.26 (7.80)  22(28.9%) 7(9.2%)

Emotion regulation _*SP 2.44[1.09-5.49] 003 0.68[0.24-1.89] 0.46
SP-Only 77 28.38 (4.32) 28.61(6.52) 11(14.3%) 10 (13.0%)
Purrble 76 15.39 (4.90) 13.44 (6.66) 24 (31.6%) 7(9.2%)

Depression +SP 4.62[1.85-11.53] 0.001 0.68[0.24-1.89] 0.46
SP-Only 77 1470 (4.24) 15.15 (5.93) 7(91%) 10 (13.0%)
Purrble 76 13.78 (4.25) 12.00 (5.47) 22 (28.9%) 8(10.5%)

Anxiety +SP 2.01[0.92-4.36] 0.079 071[0.27-1.87]  0.48
SP-Only 77 13.65 (3.74) 13.20 (4.46) 13 (16.9%) 11(14.3%)

Data are presented as mean (s.d.) or frequency (%). n indicates the number of participants. Odds ratios (ORs) and P values represent the likelihood of reliable improvement or decline in the

Purrble condition relative to the SP-Only condition.

Table 3 | Purrble effects on emotion regulation, depression and anxiety

Predictor B 95%Cl s.e. t P Partial n? 95% Cl
Lower limit Upper limit Lower limit Upper limit
Emotion regulation
(Intercept) -0.96 -11.07 915 51 -0.19 0.852 — — —
Condition -3.04** -4.92 -116 0.95 -3.20 0.002 0.07 0.01 017
Baseline emotion regulation 0.92*** 0.72 112 0.10 9.21 <0.001 0.39 0.26 0.49
Gender identity 1.69 -0.26 3.64 0.99 172 0.088 0.02 0.00 0.09
Age 013 -0.29 0.54 0.21 0.60 0.549 0.00 0.00 0.05
Depression
(Intercept) -5.62 -12.58 1.34 3.52 -1.60 0.113 — — —
Condition -2.60*** -4.02 -119 07 -3.64 <0.001 0.09 0.02 019
Baseline depression 1.00%** 0.85 116 0.08 12.96 <0.001 0.55 0.45 0.64
Gender identity 0.25 -1.22 173 0.75 0.34 0.734 0.00 0.00 0.04
Age 0.29 -0.02 0.61 0.16 1.86 0.064 0.03 0.00 0.10
Anxiety
(Intercept) =272 -9.15 37 3.25 -0.84 0.404 — — —
Condition -1.35* -2.66 -0.04 0.66 -2.04 0.044 0.03 0.00 om
Baseline anxiety 0.74*** 0.58 0.90 0.08 8.98 <0.001 0.37 0.25 0.48
Gender identity 0.75 -0.62 212 0.69 1.08 0.281 0.01 0.00 0.06
Age 0.27 -0.02 0.56 0.15 1.84 0.068 0.02 0.00 0.10

Results are from two-sided ANCOVA models estimated using linear regression, with post-intervention outcome regressed on condition, baseline outcome, gender identity and age. Gender
identity was coded as O=cisgender, 1=TGD. Condition was coded as 0=SP-Only, 1=Purrble + SP. Partial n? reflects the effect size for each predictor. *P<0.05, **P<0.01, ***P<0.001. The test
statistic reported for each coefficient is t with 134 residual degrees of freedom for all models. To evaluate robustness to multiple testing, Benjamini-Hochberg correction was applied across
the three primary and secondary continuous outcome models; significance was unchanged after correction (adjusted P values=0.003, <0.001 and 0.044).

symptoms declined over time on average (B=-0.11, P= 0.001). How-
ever, the week x condition interaction was not significant (B =-0.05,
P=0.119), indicating that rates of change over time did not differ sig-
nificantly by condition. The main effect of gender identity was not
significant (B=-0.63, P=0.052).

Interaction analyses

Condition by gender identity interaction analyses were added after
publication of the protocol but were prespecified prior to conducting
any analyses. As such, interactive analyses are considered post hoc.

Emotion regulation. To test whether the Purrble + SP effect was mod-
erated by gender identity, we fit a second ANCOVA that included a
condition x gender identity interaction term (Table 4). This model
revealed asignificantinteraction (B=23.92,95%CI: 0.22-7.63,s.e.=1.87,

P=0.038, partial > = 0.03). There was no main effect of gender iden-
tity. We probed the interaction using simple slopes analyses, which
revealed asignificant benefit for cisgender participantsin the Purrble
+SP condition compared to the SP-Only condition (B =-5.01,s.e.=1.33,
P<0.001). By contrast, the conditional treatment effect for TGD partici-
pants was not significant (B=-1.08,s.e.=1.32,t=-0.82,P=0.42). Esti-
mated marginal means supported this pattern (cisgender: Purrble + SP
mean =23.6 versus SP-Only mean = 28.6; TGD: Purrble + SP mean = 27.3
versus SP-Only mean = 28.4; Extended Data Table 4).

Self-harm. No significant condition x gender identity interaction
effects were observed on self-harm.

Depression. To test whether the effect on depressive symptom sever-
ity was moderated by gender identity, we fit a post hoc ANCOVA that
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Table 4 | Gender identity by condition interactive effects on emotion regulation, depression and anxiety

Predictor B 95% CI s.e. t P Partial n® 95% CI
Lower limit  Upper limit Lower limit  Upper limit
Emotion regulation
(Intercept) 0.32 -9.75 10.38 5.09 0.06 0.951 — — —
Condition =5.01*** -763 -2.38 1.33 -3.77 <0.001 0.10 0.02 0.20
Baseline emotion regulation 0.91*** 0.72 1m 0.10 9.24 <0.001 0.39 0.27 0.50
Gender identity -0.24 -2.90 2.4 1.34 -0.18 0.857 0.00 0.00 0.03
Age 012 -0.29 0.53 0.21 0.59 0.558 0.00 0.00 0.05
Conditionxgender identity 3.92* 0.22 7.63 1.87 210 0.038 0.03 0.00 on
Depression
(Intercept) -4.72 -1.70 2.26 3.53 -1.34 0.183 — — —
Condition -3.86*** -5.84 -1.89 1.00 -3.87 <0.001 0.10 0.02 0.20
Baseline depression 0.99*** 0.83 114 0.08 12.79 <0.001 0.55 0.44 0.63
Gender identity -0.98 -2.99 1.02 1.01 -0.97 0.334 0.01 0.00 0.06
Age 0.29 -0.02 0.60 0.16 1.86 0.065 0.03 0.00 0.10
Conditionxgender identity 254 -0.27 5.35 1.42 1.79 0.076 0.02 0.00 0.10
Anxiety
(Intercept) -1.82 -8.21 458 3.23 -0.56 0.575 — — -
Condition -2.78** -4.61 -0.95 0.92 -3.00 0.003 0.06 0.01 0.16
Baseline anxiety 0.73*** 0.57 0.89 0.08 8.95 <0.001 0.37 0.25 0.48
Gender identity -0.65 -2.51 1.20 0.94 -0.69 0.489 0.00 0.00 0.05
Age 0.27 -0.02 0.56 0.15 1.85 0.067 0.02 0.00 0.10
Conditionxgender identity 2.86* 0.27 5.45 1.31 218 0.031 0.03 0.00 om

Results are from two-sided ANCOVA models estimated using linear regression, with post-intervention outcome regressed on condition, baseline outcome, gender identity, age and the
conditionxgender identity interaction. Gender identity was coded as O=cisgender, 1=TGD. Condition was coded as 0=SP-Only, 1=Purrble + SP. Partial n? reflects effect size for each predictor.
*P<0.05, **P<0.01, ***P<0.001. The test statistic reported for each coefficient is t; all coefficient tests used 134 residual degrees of freedom. Benjamini-Hochberg correction was applied
across the three exploratory moderation models examining the conditionxgender identity interaction; none of the interaction effects remained statistically significant after correction

(adjusted P values=0.057, 0.076 and 0.057).

included a condition x genderidentity interaction term (Table 4). The
interaction was not significant (B =2.54, s.e. =1.42, P=0.076, partial
n*=0.023).

Anxiety. To test moderation by gender identity, we ran a post hoc
modelinwhichwe added acondition x genderidentity term (Table4).
The interaction was significant (B = 2.86, 95% CI: 0.27-5.45, s.e.=1.31,
P=0.031, partial 7* = 0.03), whereas the main effect of gender iden-
tity remained non-significant. Simple slopes analyses showed a sig-
nificant Purrble + SP benefit for cisgender participants (B =-2.78,
s.e.=0.92,P=0.003) butnot for TGD participants (B=0.08,s.e.=0.93,
P=0.93). Estimated marginal means mirrored this pattern (cisgen-
der: Purrble + SP mean =10.8 versus SP-Only mean = 13.6; TGD:
Purrble + SP mean = 13.0 versus SP-Only mean = 12.9; Extended Data
Table 4).

Mechanistic outcome analyses

For the preregistered main effects analyses of hypothesized mecha-
nistic outcomes (hope, loneliness and attentional deployment), we fit
ANCOVA models predicting each follow-up outcome from condition,
baseline outcome, gender identity and age. No significant main effects
were observed (Extended Data Table 5). We then conducted post hoc
moderation analyses parallel to those used for the primary and second-
ary outcomes, addingacondition x gender identity interactiontermto
each model (Extended Data Table 6). One significant interaction was
identified: the effect of condition on hope agency differed by gender
identity, withimprovement evident among cisgender participants but
not TGD participants in the Purrble + SP condition.

Sensitivity analyses

Baseline measures of outcome variables and participant age did
not differ significantly between conditions. We examined potential
multivariate outliers among baseline variables (emotion regulation,
depression and anxiety) using Mahalanobis distance (D?).Distances
were compared to the y* distribution with 3 degrees of freedom (critical
value =11.34). One participant exceeded this threshold (D*=14.57). To
evaluate influence onmodelresults, we reranall primary and secondary
analyses (ANCOVA and linear mixed effects models) with and without
this participant. The pattern, magnitude and significance of results
were unchanged. Accordingly, all analyses were reported using the
full sample.

To evaluate robustness to multiple testing, we applied the Ben-
jamini-Hochberg correction separately within each family of analy-
ses. Specifically, we corrected for the three primary and secondary
continuous outcomes (DERS-8, GAD-7 and PHQ-9) and, in a separate
step, for the three moderation models examining condition x gender
identity interactions. The moderation analyses were exploratory and
not preregistered. For the continuous outcomes, significance levels
were unchanged after correction (adjusted Pvalues = 0.003, <0.001
and 0.044). For the moderation analyses, none of the effects remained
statistically significant after correction (adjusted Pvalues = 0.057,
0.076 and 0.057).

To assess the robustness to differential survey completion over
time, we conducted several sensitivity analyses examining whether
attrition or survey completion was associated with condition, gender
identity or baseline symptom levels. Binary attrition rates did not dif-
fer significantly by condition, x?,= 0.11, P= 0.75, or by gender identity,
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x4 <0.01, P>0.99. In addition, attrition status was not significantly
associated with baseline variables nor did these associations vary by
condition. As an additional sensitivity analysis, we reestimated all
the main effects (ANCOVA) models including total number of survey
responses as a covariate; this did not materially change the significance,
magnitude or direction of the primary or secondary findings.

Post hoc analysis

To elucidate potential reasons for the differential efficacy observed
between cisgender and TGD youth, we examined whether perceptions
of Purrble engagement/fit differed by gender identity over time. There
was no baseline difference in perceived engagement/fit of Purrble by
genderidentity (B=-0.06,s.e.=0.10, P=0.54). However, asignificant
week x gender identity interaction (B=0.017,s.e.=0.006, t;;; =2.93,
P=0.004) indicated that Purrble engagement/fit declined significantly
faster for TGD youth. Specifically, TGD youth showed a steeper decline
in perceived engagement/fit (simple slope B=-0.056,95% CI: -0.073
to —0.040) compared to their cisgender peers (V=-0.022, 95% CI:
-0.038t0-0.005).

Discussion
This randomized controlled trial examined the effects of safety plan-
ning plus Purrble, an in situ, socially assistive robot, for enhancing
emotion regulation compared to safety planning alone among LGBTQ+
youth with thoughts of self-harm. All participants engaged in a struc-
tured safety planning session at baseline, mirroring many real-world
care pathways in which youth are offered a single episode of safety
planning with little or no structured follow-up®**'. At follow-up, par-
ticipantsintheinterventionarmshowed reductions inemotion regula-
tion difficulties, anxiety and depressive symptoms but not significant
changes in self-harm thoughts or behaviors. The emotion regulation
effect size was medium to large, mirroring meta-analytic effects for
skills-based interventions*? and aligning with our a priori benchmark.
Crucially, Purrble delivered these benefits without therapist con-
tact, explicit skills training or time-intensive engagement. In light of
persistent barriers to care for LGBTQ+ youth®™, an in situ, scalable
intervention with transdiagnostic effects may be useful. Fromaneco-
nomic perspective, the wholesale cost of providing Purrble (approxi-
mately £25 plus approximately £6 shipping per unitin the case of this
trial) is a small fraction of the mean general hospital cost of a single
self-harm episode in England (approximately £809)*. Taken together,
Purrble may offer adistinct, scalable and low-burdenintervention that
isreadily accessible and could help expand reach and advance equity.
We hypothesize that Purrble’s effects are driven by its unique
interaction model—specifically, in situ, intuitive interactions that
provide immediate regulatory support during naturally occurring
emotionally salient moments, repeated over time. Consistent with
the original logic model underpinning the intervention, Purrble is
designedtotarget both early and late stages of the emotion regulation
process (thatis, attentional deployment and response modulation) by
redirecting attention away from distressing stimuli and facilitating
physiological calming through tactile interaction”*”*', According to
the proposed theory of change, repeated use of Purrble in emotion-
ally salient moments may, over time, shape how individuals respond
to emotional challenges, supporting the development of more adap-
tive regulation patterns. Specifically, individuals may become more
inclined toredirect attention during heightened arousal, respond with
self-soothing and develop a greater sense of agency in the management
of their emotional experiences, each of which plays a central role in
internalizing psychopathology**. Future work should directly evaluate
these pathways, including whether frequency of use of in situ regula-
tory support, particularly matched against frequency of need, leads
to durable changes in emotion regulation skills and beliefs over time
and whether such changes account for subsequent improvements in
anxiety and depression.

Posthocinteraction analyses indicated that gender identity mod-
erated Purrble + SP effects on emotion regulation difficulties and
anxiety. Specifically, we found that cisgender youth in the intervention
condition showed significant improvements relative to those in the
SP-Only condition, whereas effects were not evident for TGD youth. No
moderation was observed for depression. Although these interaction
effects were not robust to multiplicity adjustment (for example, Ben-
jamini-Hochberg), the direction and consistency of the simple slope
estimates suggest that subgroup differences by gender identity may
be meaningful and warrantreplicationin larger, adequately powered
trials. These patterns underscore heterogeneity within LGBTQ+ popula-
tions and the likelihood of differential needs across identity groups*>*.
However, few intervention trials explicitly examine cisgender versus
TGD differences®, often because of lower TGD participation®*, limit-
ing precision in estimating subgroup effects.

An important avenue for future work is to examine how TGD
youth perceive and engage with asocially assistive robot like Purrble
overtime,inorder to explainthe subgroup patterns that we observed.
Prior research indicates that TGD youth have distinct needs around
identity, embodiment and social context”** and that these needs are
often overlooked in designs that assume everyone’s gender identity
aligns with their sex assigned at birth*’. In post hoc analyses, TGD
and cisgender participants did not differ at baseline in perceived
Purrble fit. However, over the intervention period, TGD youth showed
asteeper declinein perceived fit than cisgender youth. Future qualita-
tive and mixed methods work could clarify how TGD youth interpret
and use Purrble in daily life and which design features may need
adaptation. A second research avenue is to consider Purrble as an
adjunctive intervention. Beyond the present trial, which evaluated
Purrble as an adjunct to asingle-session safety planand was intention-
ally designed to allow participants to seek any additional formal or
informal supportthey desired, future work should examine how it can
be embedded at multiple points along youth care pathways. Young
people onwaiting lists are at heightened risk of suicide attempt*° and
often drop out or disengage before reaching treatment”, but offer-
ing waitlist interventions may help reduce such outcomes®?. Purrble
may support the development of emotion regulation strategies to
scaffold engagement with therapy and reduce the impact of poor
mental health outcomes. Furthermore, as Purrble is compatible with
multiple theoretical approaches, it could work alongside a variety of
evidence-based therapies, such as dialectical behavior therapy for
adolescents (DBT-A)>.

Results should beinterpreted in the context of several limitations.
First, our design compared Purrble plus safety planning with safety
planning alone, with the SP-Only group offered Purrble after follow-up.
Although this approach was selected to ensure equitable access and
to reflect advisory group preferences for mimicking the lived experi-
ence of receiving a single safety planning contact with little follow-up,
itintroduces methodological challenges. Second, representation
of lived experience within the advisory group was limited, with only
one member identifying as LGBTQ+ and no trans lived experience
represented. Future research would benefit from deeper and more
diverse LGBTQ+involvement, particularly inclusion of trans individu-
als, in advisory roles and throughout the research process. Third, as
the study was advertised using images of Purrble, there is a possibil-
ity of self-selection bias, with participants potentially more inclined
toward engaging with comforting or ‘fluffy’ robotic companions. This
may have influenced results, as participants with a preexisting inter-
est in such technologies could be more receptive to the intervention
or inclined toward its perceived impacts. Fourth, participants were
aware of their group assignment and that the SP-Only group would
later receive Purrble, creating potential expectancy and engagement
differences that may inflate self-reported improvements and limit
causal inference®. Fifth, there was noshamor placebo device toisolate
Purrble-specific mechanisms (for example, socially assistive feedback)
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from non-specific factors such as novelty or having any comforting
object. Finally, the lack of a long-term follow-up limits conclusions
about the durability of effects.

Future trials would benefit from more active control conditions,
such as clearly documented treatment-as-usual comparators™> or,
where feasible, attention-matched or placebo device controls that
more stringently test the added value of the socially assistive compo-
nents of Purrble. A key challenge for developing an appropriate con-
trol lies in disentangling which specific functionalities (for example,
tactile feedback, responsive social cues, physical comfort and routine
use) most contribute to these in-the-moment regulation effects and
whether these mechanisms operate similarly across users. Because
these components are interwoven in the device’s interaction model,
creating a credible placebo or matched alternative that preserves the
non-specific elements while removing the active mechanisms remains
methodologically complex. Furthermore, alarger, sufficiently powered
trial for self-harmas a primary outcome is required to establishwhether
deployment of Purrble could be effective in preventing the escalation
of emotional distressinto self-harmthoughts and behaviors, a potential
effect derived from our pilot work®.

This preregistered, stratified, randomized controlled trial pro-
vides evidence that an in situ socially assistive robot can improve
mental health-relevant outcomes for LGBTQ+ youth with self-harm
thoughts. Across 13 weeks, Purrble plus safety planning produced
meaningful reductions in emotion regulation difficulties compared
to safety planning alone, achieved without any therapist contact or
explicit skillstraining. Taken together, these findings position Purrble
asapossibleadjunct to usual care or waitlist periods for cisgender sex-
ual minority youthwhile underscoring the need for targeted co-design
and evaluation to meet the distinct needs of TGD youth. To enhance
generalizability and support real-world implementation, future work
should employ placebo control conditions, test mechanisms of change,
extend follow-up and evaluate integration alongside evidence-based
therapies and service pathways.
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Methods

Trial design and ethical approval

This was a parallel, stratified, randomized controlled trial conducted
with LGBTQ+ youthinthe UK. All study procedures were approved by
the ethics committee at King’s College London (RESCM-22/23-34570),
and all participants provided written informed consent prior to par-
ticipation. All trial procedures, including anticipated safeguarding
concernsrelated to psychological distress or potential adverse events
associated with participation, were prospectively registered before
enrollmentof the first participant (ClinicalTrials.gov: NCT06025942,
available at https://bmjopen.bmj.com/content/bmjopen/14/1/
e079801.full.pdf, published 8 December 2023). As we anticipated
potential adverse events associated with participation, explicit plans
for identifying, monitoring and addressing these concerns were
included (‘Safeguarding’section). This paper was developedinaccord-
ance with the CONSORT 2010 checklist*®, and we ensured transparency
by prospectively publishing the detailed trial design and the protocol®’.

Participant recruitment

Participant recruitment occurred between January and September
2024, using diverse strategies including online platforms (Twitter/X,
Instagram, paid research participation sites, university participant
poolsand MQ Mental Health Research (https://participate.mgmental-
health.org/)), physical community outreach (schools and community
centers) and snowball sampling methods (word of mouthand Volunteer
Tutors Organization). This multichannel approach facilitated broad
outreachamongeligible youth. Recruitment was discontinued in Sep-
tember 2024 with final follow-ups conducted in October 2024 due to
asubstantial reductioninregistration rates, suggesting saturation of
available recruitment channels. The target minimum sample size had
already been successfully achieved by this point.

Eligible participants were individuals aged 16-25 years (inclusive).
Thelower bound was chosento begin at the UK age of consentand the
upper bound to align with the National Youth Agency’s definition of
youth (11-25 years)*®. This range captures the developmental period
when self-harmislikely toreachits peak®°. Additionalinclusion crite-
riaincludedresidinginthe UK throughout the study duration, identify-
ing within the sexual orientation or gender identity minority spectrum
(LGBTQ+) and reporting any experiences of self-harm ideation or
behavior within the previous month (that s, any response greater than
‘none’ onany questions on the screener), with no upper severity limit.
Thel-monthtimeframe for self-harmideation was selected to capture
current and recent ideation, acknowledging the typically fluctuating
nature of these experiences®. Additional inclusion criteria were profi-
ciencyinreading, writing and speaking English, which was essential for
active engagement and accurate reporting within the study protocol.
Individuals were excluded if they identified as cisgender and hetero-
sexual, if they were above or below the age range (16-25 yearsinclusive),
ifthey did not have recent experiences of self-harmideation or behavior
(inthe last month) or if they lived outside of the UK.

It was not necessary for participants to indicate whether they were
receiving any additional treatments or therapies for their mental health
difficulties. This design decision was intentional to reflect real-world
conditions in which individuals might use Purrble either alongside or
independently of other supports or interventions.

Procedures

Randomization. Randomization was conducted after consent and
baseline data collection (week 3) by the study coordinator, who was
the only personwithaccessto the randomization process. Participants
were grouped into blocks based on similar enrollment timeframes.
Within each block, participants were individually randomized ina1:1
ratio (stratified by gender identity and cisgender versus TGD, to ensure
balance between conditions) to either the Purrble + SP condition or
the SP-Only (plus waitlist) condition, using an online randomization

generator. Participants were coded as TGD if they reported that they
were transgender, trans-masculine/feminine, non-binary, agender,
gender queer, questioning their gender, genderfluid, demiboy/girl
or any combination of the above. Participants were notified of their
condition allocation via email after the closure of the week 3 data col-
lection window. On the same day, Purrble devices were dispatched to
participantsinthe Purrble + SP condition viaexpress delivery to ensure
arrival prior to the start of the week 4 survey.

Trial procedures. Participants were randomized to their condition
group and enrolled into the trial after completing a synchronous com-
pulsory safety briefing and planning session via Zoom. These intake
calls were conducted in private office spaces by the ASIST-trained
researcher, and participants were asked to take the call in a private,
quiet location of their choice. The trial period lasted 13 weeks, with
weekly online surveys hosted by Qualtrics. Surveys were sent to par-
ticipants viaemail, with a next-day automatic reminder from Qualtrics
and a personalized message the following day to those who had not
completed their survey. Surveys were opento be completed for 3 days.

The initial 3 weeks of the trial acted as baseline assessments, fol-
lowed by randomization, with intervention participants receiving
Purrbleinthe fourth week. The deployment period lasted for 10 weeks.
Anextended assessment was conducted at week 3 (final baseline time-
point), week 8 (fifth week of deployment) and week 13 (final week of the
trial). Thosein SP-Only received Purrble after week 13. All participants
were able to keep their Purrbles after the trial was completed and were
paid £5 for each completed survey.

Public and patient involvement. This project is supported by mem-
bers of Sprouting Minds (https://digitalyouth.ac.uk/the-digital-youth-
programme/about-sprouting-minds/), anadvisory group comprising
young individuals with lived experience of poor mental health, spe-
cifically involved in Digital Youth research initiatives. A subgroup of
advisors from the wider Sprouting Minds network chose to engage
more closely with this project due to shared identity characteristics
and personal relevance to the study population, with approximately
one-third of this subgroup self-identifying as LGBTQ+. Building on
their foundational involvement in prior related research®, their input
substantially shaped key design decisions throughout this trial design.

Advisors from Sprouting Minds critically reviewed the trial’s meth-
odology, focusing particularly on participantburden and the frequency
and duration of survey assessments. The final design—weekly surveys
lasting approximately 5-10 minutes over 13 weeks, with a reimburse-
ment of £5 per survey—was deemed acceptable and fair by advisors.
Additionally, advisors informed the selection of the control group,
strongly advocating for a waitlist control condition. They noted that,
although allocation to a waitlist could be initially discouraging for
participants, it accurately reflected real-world experiences associated
with waiting periods for mental health services. Thus, any dropout
observed in this group would realistically represent typical treatment
disengagement. As participants in this condition received only our
standardized safeguarding procedure (that is, safety planning), it was
classified as treatment-as-usual for the purposes of the trial.

Furthermore, Sprouting Minds advisors reviewed and refined
participant recruitment materials to ensure clarity and readability for
young audiences. Throughout the recruitment phase, advisors actively
participated in strategic meetings, providing insights into effective
recruitment strategies and the optimal use of various recruitment
channels. Upon trial completion, advisors were presented the quan-
titative analyses of primary and secondary outcomes, with thorough
explanations of analytical decisions and processes.

Safeguarding. Comprehensive safeguarding measures were imple-
mented, given that study eligibility criteria required participants
to have active self-harm ideation. These safeguarding procedures
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were collaboratively developed with input from Sprouting Minds and
drew upon established strategies previously used with youth who
self-harm’*°>°, Prior to enrollment, participants received detailed
information about safeguarding protocols through both the partici-
pant information sheet and introductory researcher emails. Partici-
pants were required to attend acompulsory 1:1safety briefing that took
place via Zoom, prior to randomization. During briefings, the study
purpose, procedures and safeguarding practices were outlined, with
participants beinginvited to ask questions. Participants also engaged
incompulsory safety planning.

Compulsory safety planning. All participants completed anindividu-
alized safety plan®’*® before baseline measures and randomization.
These briefings were conducted by an ASIST-certified researcher who
holds a PhD in suicide research. At the start of a Zoom-based safety
briefing, the researcher explained confidentiality, including the cir-
cumstances under which emergency services might be contacted
(imminent risk of harmto the participant or others), and emphasized
that any such action would always be discussed with the participant
first. All participants were aged 16 years or older and provided their
owninformed consent, in line with UK regulations.

Participants were emailed an empty copy of the safety plan using
Microsoft Word prior to the video call and were instructed that they
could either complete the plan before the call and review it dur-
ing the briefing or complete it collaboratively with the researcher.
Safety planning followed the Stanley-Brown framework®, previously
adapted and validated for use with LGBTQ+ youth who self-harm?®*¢2¢,
The template prompted participants to (1) identify internal warning
signs (thoughts, feelings and bodily sensations) and external trig-
gers that typically precede a crisis; (2) list social and environmental
sources of support; and (3) document relevant professional and crisis
services with contact details. Safety plans were sent to participants by
email after the briefing, and they were encouraged to retain, update
and use these safety plans throughout and beyond the study duration.
Additionally, participants nominated a support contact (for example,
aparent, a friend over 18 years of age or a general practitioner) who
could be contacted if the research team was unable to reach the par-
ticipant during periods of heightened risk. The nominated contacts
received an email to inform them that the participant was taking
partin a mental health study and that the research team would be in
contact if we were unable to contact the individual after indication
ofincreased risk.

Passive safeguarding procedures. Each weekly survey assessment
includedavisual scale (from1: ‘very distressed’ to 10: ‘extremely happy’)
to evaluate participants’ mood immediately before and after survey
completion®®. Responses were reviewed within 24 hours of survey
closure to provide timely feedback on any potential adverse effects
of participation, forming one of the triggers for reactive safeguarding
(‘Reactive safeguarding procedures’section). A potential concern was
identified when a participant scored lower on the visual scale after
survey completion.

At the conclusion of each assessment, participants in both inter-
vention and control groups received contactinformation about exter-
nal supportservices (for example, Kooth, LGBT Foundation Helpline,
Young Minds, Samaritans, Mermaids and Allsorts) within Qualtrics and
were encouraged to seek professional supportif experiencing distress.
Such signposting is common practice in mental health research and
was effectively used by this research team previously**®*,

Reactive safeguarding procedures. To prepare for reactive safeguard-
ing, each participant nominated a trusted adult (=18 years) during the
safety planning as a support person whose phone number could be
contacted if serious concerns about safety arose; this did not need to
be a parent or caregiver, given the potential for non-accepting family

contexts. During the study, participants completed weekly assessments
thatincluded measures reporting on self-harm, suicidal ideation and
mood symptoms. These were used to identify heightened risk during
the trial. Responses were reviewed within 24 hours of the survey win-
dow closing by an ASIST-trained researcher. A reactive wellbeing check
was triggered when participants reported anepisode of self-harmin the
past week, that they had thoughts of suicide in the past week and if the
survey had reduced their mood as identified by the visual scale. This
check took place as a phone call between 13:00 and 16:00 the follow-
ing day. This procedure aligns with established ecological momentary
assessment research protocols®**. Across all survey points, 21 reactive
wellbeing checks were implemented, and there were no instances
where the nominated support person had to be contacted.

Wellbeing calls, in which participants were made aware that
researchers were not licensed clinicians, involved empathetic engage-
ment, assessment of current wellbeing (for example, conversations
around current mood, recent self-harm thoughts/behaviors and
potential suicidalintentions) and explicit advice to seek professional
supportif needed. Safety plans were reviewed and updated with the
young personifneeded, to more accurately reflect their experiences
andincludeany further professional services that had been suggested
by the researcher. If necessary, the ASIST-trained researcher could
contact emergency services with the young person’s consent, mirror-
ing helpline responses®. During these wellbeing checks, participants
were explicitly reminded that they could withdraw from the study at
any time without any penalty and asked if they wished to continue in
the study.

If participants were unreachable by phone, researchers sent a
follow-up email to check on wellbeing, confirm continued participa-
tion and schedule another wellbeing call at a convenient time. If no
response was received within 24 hours, another call was made the
next day. This process was repeated up to three times. If 4 days passed
withoutaresponse, the nominated support contact would be notified
to ensure the participant’s safety.

Measures
Data were collected using Qualtrics surveys across 13 weeks, after a
prescreening phase used for eligibility and consent, organized into
three phases: baseline (weeks 1-3) and intervention deployment (weeks
4-13), of which the follow-up time period was categorized as weeks
11-13. Each survey contained the primary and secondary measures at
all timepoints, with three additional measures included at weeks 3, 8
and 13. This decision was made to balance assessment of exploratory
outcomes with participant burden. Expectancy measures were not
collected, as Purrble was not introduced or described as atherapeutic
program or skills-based intervention, and standard expectancy instru-
ments (for example, Credibility/Expectancy Questionnaire®®) would
not have been appropriatein this context. Participants were unfamiliar
with Purrble atenrollment and were encouraged simply to explore the
device and were not primed to expect specific benefits.
Inaccordance with the study protocol, outcome measures for the
baseline (weeks 1-3) and follow-up (weeks 11-13) phases were calcu-
lated as the mean of scores collected during their respective time win-
dows. As theintervention remains embedded within the participant’s
environment and is not withdrawn after deployment, participants
may continue to engage with it during the follow-up phase inamanner
similar to their usage during the active intervention phase. Detailed
information regarding the administration schedule for each outcome
measure is provided below.

Primary outcome: emotion regulation. The DERS-8 (ref. 69), an
eight-item self-report measure, was used to assess difficulties inemo-
tion regulation. Items were rated on a five-point scale ranging from 1
(almost never (0-10%)) to 5 (almost always (91-100%)). Higher scores
indicate greater difficulties in emotion regulation. The DERS-8 was
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administered at all 13 timepoints (Cronbach’s a = 0.87). An example
itemwas: ‘WhenI'mupset, I have difficulty getting work done’. Previous
examinations of the scale have supported its reliability and validity.

Secondary outcomes

Self-harm. The SHQ”, comprising three screener items, was used to
measure self-harm. As the data were ordinal with unequal intervals
and could not be averaged appropriately, each item was examined
individually. Items assess self-harm thoughts, suicidal ideation and
self-harm behaviorsonafrequency scale ranging from1(no) to4 (yes,
five or more times)—for example, ‘In the last week, have you thought
about harming yourself on purpose, without wanting to die?’ Items
were adapted from lifetime prevalence to capture experiences within
thelast week. Higher scoresindicate more frequent occurrences. The
SHQ was administered at all 13 timepoints, with self-harm history
collected at baseline using the full SHQ"'. A previous study indicated
adequate reliability in adolescents’”>,

Depression symptoms. Depression symptoms were measured using
the PHQ-9 (ref. 74), anine-item measure corresponding to Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria
for depression. Participants rated the severity of their depressive symp-
toms over the past 2 weeks, in which items were rated on a four-point
scale from O (not at all) to 3 (nearly every day). Higher scores reflect
greater depressive severity. The PHQ-9 was assessed at all 13 timepoints
(Cronbach’s a = 0.86). Previous studies have confirmed the PHQ-9’s
reliability and validity”’¢.

Anxiety symptoms. Anxiety symptoms were assessed using the GAD-7
(ref.77),aseven-item measure. Participants rated the severity of their
anxiety symptoms over the past week on afour-point scale from 0 (not
atall) to3 (nearly every day). Higher scores represent greater severity
of anxiety, with scores of 5,10 and 15 indicating mild, moderate and
severe anxiety, respectively. The GAD-7 was administered at all 13
timepoints (Cronbach’s a = 0.87). Previous research has established
reliability and validity”’°.

Mechanistic outcomes

Hope. Hopefulness was assessed using the State Hope Scale (SHS)".
This six-item scale measures goal-directed thinking using two sub-
scales: agency (Cronbach’s a = 0.85) and pathways (Cronbach’s
a=0.77). Theitemis scored on an eight-point scale from 1 (definitely
false) to 8 (definitely true), with higher scoresindicating greater state
hope. The SHS was administered at weeks 3,8 and 13. Previous research
has established reliability”**.

Loneliness. The UCLA Loneliness Scale (Version 3) (ref. 81) was used to
measure subjective feelings of loneliness. This scale comprises three
questions that measure three dimensions of loneliness—relational
connectedness, social connectedness and self-perceivedisolation—and
was administered at weeks 3, 8 and 13 (Cronbach’s a = 0.77). Items are
rated between 1 (hardly ever or never) and 3 (often), the total score of
which can be categorized into lonely (=6) or not lonely (<5). Previous
research has established reliability and validity®>*,

Attentional deployment. The full Process Model Emotion Regula-
tion Questionnaire®* is composed of 45 questions to assess uses of 10
emotion regulation strategies. For the present trial, nine questions
were used reflecting attentional deployment as an emotion regula-
tion strategy. There are two subscales—focus elsewhere (Cronbach’s
a=0.84) and cognitively distract (Cronbach’s a = 0.86)—reflecting an
engagement and disengagement focus, respectively. To score each
subscale, the average of all scale items was calculated. This was admin-
istered at weeks 3,8 and 13. Previous research has established reliability
and validity®.

Post hoc analyses

Perceived Purrble fit/engagement. Fit/engagement with Purrble
was assessed for those in the intervention condition using the TWente
Engagement with eHealth Technologies Scale (TWEETS)®¢. The TWEETS
is a nine-item self-report measure that conceptualizes engagement
across behavioral (items 1-3), cognitive (items 4-6) and affective (items
7-9) components. The TWEETS was administered in weeks 4 through 13,
after participantshad accessto Purrble for at least one week. ltems were
framed as ‘Thinking about using Purrblein the last week...’and rated on
afive-pointLikertscale from O (strongly disagree) to 4 (strongly agree).
Itemresponses were averaged toyield a total engagement score, with
higher scores indicating greater engagement. In this sample, internal
consistency was excellent (Cronbach’s a = 0.91). The TWEETS has been
used with LGBTQ+ youth?® and psychometric work found adequate
reliability and validity®®.

Intervention conditions

Within information sheets and explicitly as part of the compulsory
safety briefings, all participants were told that they would be randomly
allocated to either intervention (Purrble + SP) or a safety planning plus
waitlist condition (SP-Only) as part of the study and that allocation
would occur after safety planning and baseline data collection. It was
explained that SP-Only participants would receive a Purrble after week
13 of the trial.

Safety planning. During the compulsory safety briefing, partici-
pantsinboth conditions engaged in safety planning supported by an
ASIST-trained researcher, using the Stanley-Brown framework™. Safety
plans areabrief collaborative intervention that can help to prevent sui-
cidal behavior®*®. The aim of safety plans is to provide participants with
acrisismanagementtool, such thatiftheyareinaperiod of distress that
may lead to self-harmor suicide, they have a physical reminder of their
self-harmtriggers, potential coping techniques or supports that have
previously been helpful and direct contact information for services®.
Previousresearch hasincluded safety planning as astandard self-harm
safeguarding measure within LGBTQ+ youth research®*%>¥, enabling
participants to identify when they may need to withdraw from a study
or seek additional support.

Purrble: design and emotion regulation theoretical model.
The Purrble intervention consisted of an interactive plush toy
(Fig. 1), designed to facilitate immediate soothing responses for
participants experiencing emotional distress and to promote
long-term improvements in emotion regulation. Full details regard-
ingthe toy’s development, designrationale and previous testing were
published elsewhere**’,

Participants received Purrble with no instruction of when or how
to use the toy, allowing for a discovery process of engagement. They
wereinvited to use Purrble as muchor as little as they liked, in whatever
capacity suited their needs. Embedded electronics enabled the toy to
emit heartbeat-like vibrations, ranging from rapid to slow rhythms.
When engaged in specific ways (for example, turning it upside down
or touchingits ear), the toy initially produces arapid vibration accom-
panied by sounds (rapid heartbeat and growling) mimicking signs of
anxiety, which slows down as sensors register calming interactions
fromthe participant/user. Sustained soothing results in the toy emit-
ting a steady purring vibration, signaling a calm and contented state.
This calming transition typically occurs within1 minute but could vary
depending on participantinteraction style.

Thetheoretical underpinning of the intervention was Gross’ Pro-
cess Model of Emotion Regulation, which conceptualizes emotion
regulation as processes through which individuals influence their
emotions, including timing, experience and expression®. This theo-
retical framework informed the following three-level logic model for
theintervention.
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First, the intervention aimed to provide immediate emotional
relief during distressing moments, such as urges to engage in self-harm.
Specifically, itis designed to target two stages of emotion regulation:
attentional deployment, by redirecting participant focus toward sooth-
inginteractions with the toy®***?*”!, and response modulation, facilitat-
ingemotional downregulation through tactile engagement analogous
tointeractions observed in human—animal emotional regulation® .
Second, the intervention sought to promote sustained engagement
over time through its conceptual framing. Specifically, participants’
long-term engagement was encouraged by depicting the toy as a vul-
nerable creature needing care, fostering emotional investment and
responsibility similar to long-term interactions with digital pets or
social robots’*”. Third, repeated use of the intervention aimed to facili-
tate lasting shifts in participants’ implicit beliefs regarding emotional
controllability, thereby promoting healthier emotion regulation prac-
tices**. Specifically, it was hypothesized to enhance participants’ con-
fidence in their capacity to regulate emotions effectively and reduce
reliance on maladaptive strategies such as rumination or suppression.

Power analysis

A sample size of 70 participants per condition at post-intervention
(deployment weeks 11-13) was needed to detect an effect size of
0.4 (Cohen’s d) for the primary outcome with a statistical power of
(1-B)=0.80inaone-sided t-test (P=0.05). Amedium effect size of 0.4
was selected as a preliminary explorationbased on previous interven-
tion research with and without Purrble®**?*7'°!, given the uncertainty
of the intervention within this population. Therefore, a minimum of
140 participants were needed overall. Considering a predicted drop-
out rate of 20%, the trial aimed to recruit 168 participants. Because
our preregistered analytic plan specified t-tests and we subsequently
adopted an ANCOVA framework, we examined the effective power of
the final sample under the ANCOVA specification. Using Shieh’s exact
method for ANCOVA (ANCOVA _analyticinthe Superpower packagein
R) withthe observed post-intervention DERS meansin the Purrble and
waitlist conditions (mean = 25.26 and mean = 28.61, respectively), the
within-condition pooled follow-ups.d.=7.18, three covariates (baseline
DERS, age and gender identity) and the empirically estimated covariate
R?=0.38, the achieved sample size yielded an estimated power 0f 91.7%
todetect the observed emotion regulation effect at a = 0.05.

Data statistical analysis

Analyses were conducted using R statistical software. We first con-
ducted preliminary analyses, including basic descriptive analysis
with skewness and kurtosis to assess normality. All statistical tests
were two-sided. We assessed equivalence of demographic (age only)
and baseline variables across conditions using t-tests for continuous
variables and y* tests for categorical variables. We did not test equiva-
lence for sexual identity or race/ethnicity due to the small sample size,
the high number of categories in each demographic variable and low
membership within most categories. Equivalence by gender identity
was not tested, as randomization procedures already accounted for
gender identity. Second, we performed multivariate outlier analyses
to identify influential data points'®. Third, we conducted attrition
analyses'”, with attrition operationalized as participants failing to
fill in any follow-up questionnaires (weeks 11-13). A binary indicator
was created to represent follow-up completion (1=filled in at least
one follow-up questionnaire; O = filled in none). Attrition rates were
calculated overall, by condition and by gender identity, using x* tests to
determine whether attrition differed by condition or gender identity.
Then, to assess potential attrition bias, we conducted two-way ANOVAs
testing for condition x attrition status effects on eachbaseline outcome
variable (except for self-harm; see below).

Deviations from preregistered analysis plan. The preregistered pro-
tocol specified one-tailed paired t-tests to evaluate intervention effects

by comparing averaged baseline and follow-up scores. Prior to analysis,
theteamdecided, instead, to use two-tailed ANCOVA models (adjusting
for baseline scores, age and gender identity) as the primary approach.
This changereflected (1) recognition of the possibility of bidirectional
effects, including potential iatrogenic effects, and, therefore, the need
for two-sided hypothesis testing, and (2) the greater statistical rigor of
ANCOVA in controlling for baseline levels of the outcome, improving
precision and accounting for any small group imbalances. The protocol
indicated that covariates would be included but did not specify which
ones or how they would be selected; we, therefore, prespecified age
(to capture potential differences across the16-25-year age range) and
gender identity (cisgender versus TGD) as covariates.

The original protocol did not outline moderator analyses. After
preregistration, and after consultation with an independent statisti-
cian, we expanded the analytic plan to test whether gender identity
moderated intervention effects. This addition was motivated by con-
cernsinthe LGBTQ+ literature about treating TGD youth ashomogene-
ous with sexual minority youth, thereby obscuring potentially distinct
patterns of response.

The protocol stated that we would examine moderation by engage-
ment for the three clinical outcomes (self-harm, depression and anxi-
ety). These engagement analyses were not included in the present
paper; instead, we plan to report them in a separate paper focused
specifically on engagement processes in the future.

For self-harm outcomes, the protocol implied that the same ana-
lyticapproach (¢-tests or analogous methods) would be used for all out-
comes, presumably averaging weeks 1-3 and weeks 11-13. In practice,
because the self-harmvariables were assessed on a four-point ordinal
scalewithunequalintervals, this was not possible. As such, we analyzed
week 1versus week 12 only and used ordinal logistic regression rather
than ¢-tests or ANCOVA, based on discussions between the independ-
ent statistician and self-harm experts on the team regarding the most
appropriate and interpretable approach.

Finally, although the original document suggested including base-
line DERS-8 as a covariate in secondary analyses, we did not adjust for
baseline DERS-8in models predicting depression, anxiety or self-harm.
This decision, informed by statistical advice and relevant literature'**,
reflected concerns that adjusting foremotionregulation, givenits close
conceptual and empirical relation to these clinical outcomes, could
overcontrol and bias estimates toward the null.

Primary and secondary analyses. As outlined in the preregistration,
participant scores were averaged across weeks 1-3 to compute their
baseline scores and across weeks 11-13 to compute their follow-up
scores. The analyticapproach specified in the preregistration originally
indicated thatintervention effects would be evaluated using one-tailed
paired t-tests. However, upon consultation with anindependent statisti-
cianwhojoined theresearchteam, this strategy wasrevised prior todata
analysis. The primary analyses were modified to use two-tailed ANCOVA
instead of one-tailed paired t-tests. This adjustment addressed meth-
odological concerns regarding the potential for bidirectional interven-
tion effects, as the theoretical framework did not explicitly exclude
the possibility of iatrogenic effects. Additionally, ANCOVA allowed for
statistical control of baseline outcome scores, enhancing precision in
estimating intervention efficacy. This method also facilitated the inclu-
sion of theoretically relevant covariates knownto introduce variability
withinthetarget age range (1625 years). Specifically, age wasincluded
duetoits developmentalimportance, given the considerable cognitive,
emotional and social changes occurring during this period, along with
related variability insupport structures (for example, living situations
and educational contexts). Second, gender identity was included as a
covariate due to the heightened risk of poor adverse outcomes among
TGD youth compared to sexual orientation-only youth*'® along-
side unique, additional experiences (for example, gender dysphoria,
transphobia and difficulties with transitioning)'°.
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For all main effects analyses except self-harm, we examined
individual-level change using reliable change indices (RCls) for emo-
tion regulation difficulties (DERS-8), anxiety (GAD-7) and depressive
symptoms (PHQ-9)'”". For each scale, we used the baseline standard
deviation and its internal consistency (Cronbach’s a) as the reliability
estimate to derive an RClI score for each participant, and we classi-
fied outcomes as reliable improvement, reliable deterioration, or
no reliable change based on the +1.96 criterion. We then compared
conditions using odds ratios with 95% Cls, estimating (1) the odds of
reliable improvement versus all other outcomes and (2) the odds of
reliable deterioration versus all other outcomes for Purrble plus safety
planning relative to safety planning alone.

Exploratory analyses. Furthermore, for all main effects analyses
except self-harm in addition to the main ANCOVA models, we con-
ducted parallel linear mixed models (LMMs) for each outcome to
examine changes across the weekly assessments.

Post hoc analyses. After registration, the analytic plan was expanded
to explore potential moderation effects. Specifically, we introduced
secondary post hoc interaction analyses examining whether gender
identity (cisgender versus TGD) moderated intervention effectiveness.
Giventhelack of previous research, noapriorihypotheses were made
for the gender identity moderation analyses.

Self-harm analyses. Each self-harm variable was measured on a
four-point ordinal scale with unequal intervals. As such, two changes
fromthe preregistered protocol had to be made. First, we did not create
averages of ‘baseline’ and ‘follow-up’ for the first weeks given that the
unequal intervals would make averages difficult tointerpret. As such,
we selected week 1 as our baseline week (the first week and the week
with thelargest sample size) and week 12 (the ‘middle’ of the follow-up
week with at least 2 weeks past the intervention) as our follow-up week
for self-harmvariables. Furthermore, given the unequalintervals, the
data did not meet the baseline assumptions necessary for conducting
t-testsor ANCOVA. Giventhe structure of the data, we considered two
potential approaches: ordinal logistic regression using, or odds ratios
using collapsed binary versions toindicate presence versus absence of
self-harm. In ordinal logistic regression models, the relation between
predictors and the outcome is assumed to be homogeneous across
the outcome’s ordinal level. There are two ways in which this could
be conceptualized. First, statistically—meaning that variables can be
tested using Brant’s test to see if they violate the proportional odds
assumption. Second, theoretically—in other words: Does the idea of
equalslopes across variables make sense in theory given the nature of
the content (that is, moving from no self-harm at all to some level of
self-harm being equivalent to moving from some self-harm to higher
levels of self-harm, for example)? We considered that, from a theoreti-
cal perspective, there may be a clinical difference between change from
oneactive harm category toanother (reduction orincrease) and change
between atotal absence of self-harmto presence of harm. Assuch, we
opted to take the conservative approach of using a recommended
conservative estimate for the Brant test (P> 0.2) for the proportional
odds assumption'®®, If all variables included in the models (week 1
and week 12) passed the assumption, we would use the proportional
oddsregression. Otherwise, we would collapse the modelsintobinary
categories—specifically, using ‘no self-harm’ coded as O versus ‘any
self-harm’coded as1.

Theresults of the Brant tests revealed that all week 1and week 12
had P> 0.2. As such, we opted to use ordinal logistic regression mod-
els without dichotomizing the outcome. We conducted preliminary
analyses including attrition analyses and baseline equivalence tests
(using the non-parametric Mann-Whitney U-test). Frequencies were
examined to understand data distributions. We then used ordinal
logistic regression to examine intervention outcomes, controlling

for age and gender identity. Finally, we examined the interaction of
condition with baseline self-harm and gender identity on the outcome.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Because the intervention involved a physical, visually recognizable
device (Purrble), and because recruitment occurred within a limited
geographic area and defined time window, there is an increased risk
that individuals familiar with participants could infer trial participa-
tion (for example, by having seen a participant with the device) when
combined with other potentially identifying information. This risk
is further amplified by the inclusion of sensitive self-harm-related
outcomes. In combination with demographic variables such as age,
gender identity, sexuality or race, these factors create a meaningful
risk of participant reidentification, even after removal of directidenti-
fiers. Tobalance transparency with participant protection, aminimally
deidentified dataset that excludes all demographic variables and other
information that could substantially contribute to reidentification has
been made publicly available in figshare at https://doi.org/10.6084/
m9.figshare.31859155. Researchers who would like to replicate the full
set of analyses or access the fully anonymized analytic dataset may sub-
mitarequest for materials. Requests should be addressed to P.S. (petr.
slovak@kcl.ac.uk). Access to the full dataset will require execution of a
datause agreement betweenthe requesting party and the data holder
(King’s College London) that prohibits attempts at reidentification and
specifies appropriate datasecurity and storage procedures, consistent
with the study’s ethical approvals. Requests will be reviewed for align-
mentwith these requirements by the King’s College London legal team,
with any approvals not unreasonably withheld. Once approved, data
would normally be provided within1 month of agreement completion.

Code availability
The code for the statistical analysis is available from C.A.R. and has
beenuploaded to GitHub (https://github.com/caarhodes/Purrble).
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Extended Data Table 1| Weekly survey response rates (% of total randomised) by condition

Week
1 2 3 4 5 6 7 8 9 10 11 12 13
Purrble+SP 974 974 987 947 895 882 895 908 803 829 816 658 8l.6
SP-only 948 96.1 96.1 909 922 922 935 948 87 857 857 &7 88.3

Note. Values represent the percentage of all randomised participants in each condition who contributed usable survey data in each study week. Partial responses were included if they yielded
at least one interpretable score; operationally, this required sufficient completion of the first weekly measure (DERS-8) to be scored.
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Extended Data Table 2 | Proportional odds logistic regression models predicting week-12 self-harm category from
intervention condition

Self-Harm Questionnaire Screener 0dds Ratio (95% CI) p

Self-Harm Ideation 0.96 [0.67, 1.37] .828
Suicidal Thoughts 0.87[0.58, 1.30] 499
Self-Harm Behaviour 0.95 [0.55, 1.65] .845

Note. Each model is a proportional odds logistic regression of the Week-12 screener outcome on condition (Purrble + SP vs SP-only). All models controlled for the corresponding baseline
screener score (Week 1), age, and gender identity and tested, separately, whether baseline score or gender identity moderated the condition effect; no interactions reached significance
(all p >.05). Brant's tests confirmed that the proportional-odds assumption was met for every model (all p > .05). No corrections were made for multiple comparisons.
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Extended Data Table 3 | Linear mixed-effects models (LMMs) of symptom trajectories over time by condition

Emotion Regulation Depression Anxiety
Predictor B SE t p B SE t p B SE t p
Fixed Effects
Intercept 22.59 3.56 6.35 <.001 1437 330 436 <.001 11.48 2.75 417 <.001
Week -0.12  0.05 -2.73 0.01 -0.07 0.03 -2.02 0.05 -0.11 0.03 -3.32 <.001
Condition  0.05 041 0.12  0.90 0.60 038 1.60 0.11 0.03 034 0.08 0.94
Gender = 47 041 -113 026  -082 038 214 0.03 063 032 -196 0.05
Identity
Age 028 017 159 0.12 0.04 0.16 023 0.82 0.11 0.14 0.82 0.41
*
Week. . -0.14 0.05 -3.14 <.001 -0.11 0.03 -329 <.001 -0.05 0.03 -1.57 0.12
Condition
Random Effects Estimate Estimate Estimate
Random Intercept Variance 4.59 4.19 3.70
Random Slope Variance
0.47 0.06 0.29
(Week)
Intercept-Slope Correlation -0.10 0.31 -0.23
Residual Variance 3.61 3.26 3.22

Note. Results are from separate two-sided linear mixed-effects models with random intercepts and random slopes for Week, estimating symptom trajectories from Week O to Week 13. Fixed
effects included Week, condition, gender identity, age, and the Week x Condition interaction. Week was coded 0-13. Condition was coded 0=SP-only and 1= Purrble + SP. Gender identity was
coded O = cisgender and 1= transgender/gender diverse. Accordingly, the Week coefficient represents the weekly rate of change in the SP-only group, and the Week x Condition term tests
whether the rate of change differed in the Purrble + SP group. B = unstandardised regression coefficient. No correction for multiple comparisons was applied. Bolded coefficients indicate p < .05.
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Extended Data Table 4 | Slopes and estimated marginal means for significant condition x gender identity interactions

SP-only Purrble + SP
Identity
Outcome Slope (B) SE t P 95% CI 95% CI
Group M SE —— M SE ———
LL UL LL UL
Cisgender —5.01*** 133 377 <.001 286 093 268 305 236 096 21.7 255
Emotion
Regulation TGD -1.08 132 082 042 284 095 265 303 273 094 254 292
Cisgender ~ —2.78** 092 300 0003 136 065 123 149 108 0.67 949 122
Anxiety

TGD 0.08 0.93 0.09 0.93 129 066 11.6 143 13 0.66 11.7 143

Note. Results are from two-sided ANCOVA models estimated using linear regression, with post-intervention outcome regressed on condition, baseline outcome, gender identity, and age.
Gender Identity coded O = cisgender, 1=transgender/gender diverse. Condition coded O = Safety Planning Only, 1= Purrble + Safety Planning. Simple slopes represent the conditional effect
of intervention condition within each gender identity group. Estimated marginal means represent follow-up means by intervention for each identity group, and were obtained from the
same fitted models using emmeans, with continuous covariates held at their sample means. B = unstandardised regression coefficient; Cl = confidence interval; LL = lower limit; UL = upper
limit; TGD = transgender/gender diverse. The test statistic reported for each simple slope is t with 134 residual degrees of freedom for all models. No corrections were made for multiple
comparisons. p<.05* p<.01**, p<.001***.
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Extended Data Table 5 | Purrble effects on mechanistic outcomes: hope, loneliness and attentional deployment

. 95% CI Partial 95% CI
Predictor SE t p EeT———
LL UL n? LL UL
Hope: Pathways
(Intercept) 14.63*** 773 2153 348 420 <.001 — —  —
Condition 0.09 -1.23 141 067 0.14 0.889 0.00 0.00 0.02
Baseline Pathways  0.46*** 031 0.62 0.08 6.04 <001 023 0.11 0.35
Gender Identity -0.84 -224 056 071 -1.19 0.237 0.01 0.00 0.08
Age -0.28 -0.57 002 0.15 -186 0.065 0.03 0.00 0.11
Hope: Agency
(Intercept) 10.63** 275 18.51 3.98 2.67 0.009 — —  —
Condition 0.44 -1.19 206 082 053 0595 0.00 0.00 0.05
Baseline Agency 0.53*** 037 0.69 0.08 657 <001 026 0.14 0.38
Gender Identity -0.47 -2.15 122 085 -055 0582 0.00 0.00 0.05
Age -0.17 -0.53 0.18 0.18 -096 0.337 0.01 0.00 0.07
Loneliness
(Intercept) -0.57 -290 175 1.17 -049 0.627 — — —
Condition -0.09 -0.53 035 022 -040 0.688 0.00 0.00 0.04
Baseline 0.70***  0.56 0.84 0.07 10.02 <001 045 033 0.56
Loneliness
Gender Identity 0.52* 0.05 098 024 220 0.030 0.04 0.00 0.13
Age 0.11* 0.01 020 0.05 212 0.036 0.04 0.00 0.12
PMERQ Focus Elsewhere
(Intercept) 0.71 -091 233 0.82 0.87 0.387 — —_ —
Condition 0.31 -0.00 062 0.16 196 0.052 0.03 0.00 0.11
Baseline Focus 0.73*** 058 0.89 0.08 940 <001 042 029 0.53
Gender Identity -0.27 -0.61 006 0.17 -1.61 0.110 0.02 0.00 0.10
Age 0.02 -0.05 0.09 0.04 045 0.654 0.00 0.00 0.04
PMERQ Cognitively Distract
(Intercept) 1.63 -0.18 345 092 1.78 0.077 — —  —
Condition 0.25 -0.08 057 0.16 149 0.138 0.02 0.00 0.09
Baseline Distract 0.48*%** 033 0.63 0.07 648 <001 026 0.13 0.38
Gender Identity 0.20 -0.14 054 0.17 1.19 0.238 0.01 0.00 0.08
Age 0.02 -0.05 0.10 0.04 064 0526 0.00 0.00 0.05

Note. Results are from two-sided ANCOVA models estimated using linear regression, with post-intervention outcome regressed on condition, baseline outcome, gender identity, and age.
Gender Identity coded O = cisgender, 1=transgender/gender diverse. Condition coded O = Safety Planning Only, 1= Purrble +Safety Planning. B = unstandardised regression coefficient.

Cl = confidence interval. LL = lower limit; UL = upper limit. Partial n? reflects effect size for each predictor. p<.05*, p<.01**, p<.001***, The test statistic reported for each coefficient is t, with
residual degrees of freedom of 121 for the Hope Pathways, Hope Agency, and Loneliness models, and 120 for the PMERQ models. No corrections for multiple comparisons were made.
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Extended Data Table 6 | Gender identity by condition interactive effects on mechanistic outcomes

95% CI 95% CI
Predictor B SE t p Partial i —
LL UL LL UL
Hope: Pathways

(Intercept) 13.81%** 7.02 20.60 343  4.03 <.001 — — —
Condition 1.69 -0.13 3.50 0.92 1.84 0.068 0.03 0.00 0.11
Baseline Pathways 0.47*** 0.32 0.61 0.08 6.18 <001 0.24 0.12 036
Gender Identity 0.73 -1.13 2.59 094 078 0.438 0.00 0.00 0.06
Age -0.27 -0.56 0.01 0.14 -1.88 0.062 0.03 0.00 0.11

Condition * Gender Identity ~ -3.20* -5.76 -0.65 129 -2.48 0.015 0.05 0.00 0.14
Hope: Agency

(Intercept) 10.18* 2.29 18.07 3.98 2.55 0.012 — — —
Condition 1.48 -0.78 3.74 1.14 1.30 0.197 0.01 0.00 0.08
Baseline Agency 0.52%** 0.36 0.68 0.08 6.50 <.001 0.26 0.14 0.38
Gender Identity 0.56 -1.73 2.85 1.16 0.48 0.629 0.00 0.00 0.05
Age -0.17 -0.53 0.18 0.18 -0.96 0.339 0.01 0.00 0.07
Condition * Gender Identity -2.12 -5.33 1.09 1.62 -131 0.193 0.01 0.00 0.08
Loneliness
(Intercept) -0.40 -2.72 1.92 1.17  -0.34 0.735 — — —
Condition -0.44 -1.06 0.18 031 -1.39 0.166 0.02 0.00 0.09
Baseline Loneliness 0.70%** 0.56 0.84 0.07 10.02 <.001 0.46 033 0.56
Gender Identity 0.19 -0.44 0.81 0.32 0.59 0.558 0.00 0.00 0.05
Age 0.11%* 0.01 0.20 0.05 2.14 0.034 0.04 0.00 0.12
Condition * Gender Identity 0.69 -0.18 1.57 0.44 1.57 0.120 0.02 0.00 0.09
PMERQ Focus Elsewhere
(Intercept) 0.76 -0.85 2.37 0.81 093 0.353 — — —
Condition 0.03 -0.41 0.47 0.22 0.14 0.887 0.00 0.00 0.02
Baseline Focus 0.75%%* 0.60 0.91 0.08 9.65 <.001 0.44 031 0.54
Gender Identity -0.54* -0.99 -0.10 022 -241 0.018 0.05 0.00 0.14
Age 0.02 -0.05 0.09 0.03 0.48 0.630 0.00 0.00 0.05
Condition * Gender Identity 0.57 -0.06 1.19 0.32 1.79 0.076 0.03 0.00 0.11
PMERQ Cogpnitively Distract
(Intercept) 1.66 -0.17 3.49 0.92 1.80 0.074 — — —
Condition 0.18 -0.28 0.64 0.23 0.79 0.431 0.01 0.00 0.06
Baseline Distract 0.48%** 0.33 0.63 0.07 6.46 <.001 0.26 0.13 0.38
Gender Identity 0.14 -0.32 0.61 0.24 0.60 0.548 0.00 0.00 0.05
Age 0.02 -0.05 0.10 0.04 0.63 0.528 0.00 0.00 0.05
Condition * Gender Identity 0.12 -0.53 0.77 0.33 0.37 0.708 0.00 0.00 0.04

Note. Results are from two-sided ANCOVA models estimated using linear regression, with post-intervention outcome regressed on condition, baseline outcome, gender identity, age, and the
Condition x Gender Identity interaction. Gender Identity coded O = cisgender, 1= transgender/gender diverse. Condition coded O = Safety Planning Only, 1= Purrble +Safety Planning.

B = unstandardised regression coefficient. Cl = confidence interval. LL = lower limit; UL = upper limit. Partial n? reflects effect size for each predictor. p<.05*, p<.01**, p<.001***, The test statistic
reported for each coefficient is t, with residual degrees of freedom of 120 for the Hope Pathways, Hope Agency, and Loneliness models, and 119 for the PMERQ models. No corrections for
multiple comparisons were made.
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Data collection  Data were collected using Qualtrics survey software. No custom code was used for data collection.

Data analysis Data were analysed in R using RStudio (version 2024.09.1+394, Posit Software, PBC). Key R packages used for the reported analyses included
dplyr and tidyr for data processing, psych for descriptive statistics, car for regression/ANCOVA-related tests, effectsize for effect-size
estimation, and Ime4 and emmeans for linear mixed-effects modelling and post hoc estimated marginal means, where applicable. No custom
algorithms were used.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Because the intervention involved a physical, visually recognisable device (Purrble), and because recruitment occurred within a limited geographic area and defined
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time window, there is an increased risk that individuals familiar with participants could infer trial participation (for example, by having seen a participant with the
device) when combined with other potentially identifying information. This risk is further amplified by the inclusion of sensitive self-harm-related outcomes. In
combination with demographic variables such as age, gender identity, sexuality, or race, these factors create a meaningful risk of participant re-identification, even
after removal of direct identifiers.

To balance transparency with participant protection, a minimally deidentified dataset that excludes all demographic variables and other information that could
substantially contribute to re-identification has been are publicly available in Figshare at https://doi.org/10.6084/m39.figshare.31859155.

Researchers who wish to replicate the full set of analyses or access the fully anonymised analytic dataset may submit a request for materials. Requests should be
addressed to Dr. Petr Slovak (petr.slovak@kcl.ac.uk). Access to the full dataset will require execution of a data use agreement between the requesting party and
data holder (King's College London) that prohibits attempts at re-identification and specifies appropriate data security and storage procedures, consistent with the
study’s ethical approvals. Requests will be reviewed for alignment with these requirements by KCL legal team, with any approvals not unreasonably withheld. Once
approved, data would normally be provided within one month of agreement completion.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender The study focuses on LGBTQ+ young people, therefore we have collected self-reported gender and not collected biological
sex or sex assigned at birth.

Reporting on race, ethnicity, or Socially constructed or socially relevant variables used in the manuscript included sexual orientation/gender identity minority
other socially relevant status, gender identity, race/ethnicity, and current education level/occupation. Eligibility for the study required that
participants identify as a sexual orientation and/or gender identity minority (LGBTQ+). Demographic information was
provided directly by participants through self-report at study entry. Race/ethnicity and current education level/occupation
were collected using open-text self-report and, for descriptive reporting only, were simplified into broader categories. These
simplified categories were used to describe the study sample and were not used as proxies for other socially constructed
variables such as socioeconomic status. Gender identity was also self-reported and was used in adjusted analyses where
specified in the manuscript. Because participants were enrolled on the basis of LGBTQ+ identity, this characteristic reflects
the target population rather than a comparison variable. Confounding was addressed primarily through randomization and,

groupings

in adjusted outcome analyses, by including prespecified covariates such as baseline outcome values, age, and gender identity.

Population characteristics Participants were adolescents and young adults aged 16-25 years living in the United Kingdom who identified as a sexual
orientation and/or gender identity minority (LGBTQ+), reported recent self-harm ideation within the past month, and were
able to read and speak English. Participants also completed baseline demographic questions, including age, gender identity,
race/ethnicity, and current education level/occupation, via self-report. These characteristics were used to describe the
sample, and selected variables were included as covariates in adjusted analyses as specified in the manuscript.

Recruitment Participant recruitment occurred between January and September 2024 and used a multi-channel strategy to reach eligible
young people. Recruitment methods included online platforms (Twitter/X, Instagram, paid research participation sites,
university participant pools, and MQ Mental Health Research), physical community outreach (for example, schools and
community centres), and snowball sampling methods (including word of mouth and the Volunteer Tutors Organization).
Interested individuals registered their interest and were screened for eligibility. As with many studies using online and
community-based recruitment, there is potential for self-selection bias. In particular, because the study was advertised using
images of Purrble, participants may have been more likely to enrol if they were already positively inclined toward comforting,
plush, or socially assistive robotic companions. This may have influenced the findings if participants with a pre-existing
interest in such technologies were more receptive to the intervention or more likely to perceive it positively. These factors
may affect the representativeness of the sample, although randomisation helps reduce bias in comparisons between study
arms.

Ethics oversight All study procedures were reviewed and approved by the King’s College London research ethics committee
(RESCM-22/23-34570). The study was conducted under ethics committee oversight, and all participants provided informed
consent before participation.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This study was a quantitative, single-blind, longitudinal, parallel, stratified randomized controlled trial conducted with LGBTQ+ young
people in the UK. Participants completed repeated self-report assessments across a 13-week trial. After a 3-week baseline period,
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eligible participants were randomized 1:1 to either Purrble plus safety planning or safety planning plus waitlist control, with
randomization stratified by gender identity (cisgender vs transgender and gender-diverse).

Research sample The research sample comprised LGBTQ+ young people aged 1625 years living in the UK who reported self-harm ideation or
behaviour within the previous month. Eligibility criteria required participants to be aged 16-25 years inclusive, reside in the UK for
the duration of the study, identify as a sexual orientation and/or gender identity minority, report recent self-harm ideation or
behaviour, and be proficient in reading, writing, and speaking English. Individuals were excluded if they identified as cisgender and
heterosexual, were outside the age range, did not report recent self-harm ideation or behaviour, or lived outside the UK. This sample
was chosen because LGBTQ+ young people with recent self-harm thoughts or behaviours represent a population with high and often
immediate mental health support needs, while also facing barriers to accessing appropriate services. We used a wide range of
recruitment methods to maximize diversity of outreach and to approach the broadest feasible representation of eligible young
people. Demographic information, including age, gender identity, race/ethnicity, and current education level/occupation, was
collected by self-report at baseline.

Sampling strategy Participants were recruited using a non-probability, multi-channel sampling strategy that combined convenience and snowball
sampling methods. Recruitment occurred through online platforms (Twitter/X, Instagram, paid research participation sites, university
participant pools, and MQ Mental Health Research), physical community outreach (e.g., schools and community centres), and
snowball methods (e.g., word of mouth and the Volunteer Tutors Organization). This approach was used to maximize reach to eligible
young people in the target population. Recruitment was discontinued in September 2024 after the target minimum sample size had
been achieved and registration rates had substantially decreased, suggesting saturation of available recruitment channels. Because
recruitment relied on convenience and snowball methods rather than probability sampling, the sample may not be representative of
the wider population of LGBTQ+ young people with recent self-harm ideation or behaviour.
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Data collection Data were collected remotely using Qualtrics surveys and Zoom-based intake procedures. Interested individuals first completed pre-
screening for eligibility and consent procedures. Before enrolment into the trial, participants completed a compulsory 1:1
synchronous safety briefing and safety planning session via Zoom with an ASIST-trained researcher in a private office space;
participants were asked to join the call from a private, quiet location of their choice. After completion of baseline procedures and the
Week 3 assessment window, participants were randomized and then completed weekly online self-report surveys hosted in Qualtrics
for the 13-week trial. Surveys were emailed to participants, followed by a next-day automatic reminder from Qualtrics and a
personalized reminder message for non-completion the following day. Surveys remained open for 3 days. Data collection was
standardized across study arms. Participants completed surveys independently online, without the researcher present during survey
completion.

Timing Participant recruitment occurred between January 2024 and September 2024. The trial lasted 13 weeks per participant, with the first
3 weeks constituting baseline assessment, followed by randomization and a 10-week deployment period. Extended assessments
were conducted at Week 3, Week 8, and Week 13. Final follow-up assessments were completed in October 2024.

Data exclusions Two individuals who had been randomized were excluded from the final analytic dataset because they did not contribute trial data:
one withdrew before trial data collection began and one could not be verified before trial data collection began. A final exclusion was
made during data analysis, due to filing errors that took place during the data collection process.

Non-participation Two randomized individuals did not participate in the trial data collection period. One withdrew before data collection began and
one could not be verified.

Randomization Randomization was conducted after consent and baseline data collection by the study coordinator, who was the only person with
access to the randomization process. Participants were grouped into blocks based on similar enrolment timeframes and then
individually randomized within block in a 1:1 ratio to Purrble plus safety planning or safety planning plus waitlist control. Allocation
was stratified by gender identity (cisgender vs transgender and gender-diverse) to promote balance across study arms and was
implemented using an online randomization generator. Participants were informed of their allocation by email after closure of the
Week 3 data collection window.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies IZ D ChiIP-seq
Eukaryotic cell lines IZI |:| Flow cytometry
Palaeontology and archaeology IZI |:| MRI-based neuroimaging
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov: NCT06025942

Study protocol https://doi.org/10.1136/bmjopen-2023-079801

Data collection All data were collected online. Recruitment period: 12th January - 1st September 2024. All data was collected by 22nd of October
2024.

Outcomes The primary outcome was emotion regulation, assessed using the DERS-8. Secondary outcomes were self-harm, depression, and

anxiety, assessed using the SHQ (items analysed separately), PHQ-9, and GAD-7, respectively. Mechanistic outcomes were loneliness,
hope, and attentional deployment, assessed using the UCLA Loneliness Scale, the State Hope Scale (agency and pathways subscales),
and PMERQ attentional deployment subscales (focus elsewhere and cognitively distract). Primary and secondary outcomes were
assessed at all 13 timepoints, whereas mechanistic outcomes were assessed at Weeks 3, 8, and 13. Baseline and follow-up values
were calculated as the mean of scores across the relevant assessment windows, as pre-specified in the protocol.
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Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Authentication Describe-any-atithentication-procedures for-each-seed-stock-tised-ornovel-genotype-generated—Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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