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a systematic review and meta-analysis
of randomized controlled trials
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Abstract

Introduction Gatekeeper training (GKT) aims to enhance suicide gatekeepers' (GKs) abilities in assessing suicide risk,
identify those at-risk and refer them. However, existing randomized controlled trials (RCTs) on GKT have not produced
definitive results. This study reviewed RCTs on GKT to provide evidence for developing effective suicide prevention
strategies.

Methods We conducted a systematic search of MEDLINE, PubMed, Web of Science, PsycINFO, CINAHL, Embase,
Google Scholar, Medrxiv, and Ebsco for English-language RCTs published between January 1, 2000, and December 31,
2024. Two authors independently screened studies, extracted data, and assessed the risk of bias using the Cochrane
risk-of-bias tool. Standardized mean differences (SMD) with 95% confidence intervals were calculated using a ran-
dom-effect model. Heterogeneity was assessed by using I statistic, and publication bias was evaluated through fun-
nel plots and Egger’s regression. We stratified participants into subgroups by characteristics and categorized inter-
ventions by delivery mode (online vs. offline). Post-test and follow-up data were integrated into a unified model,

with follow-ups classified as short-term (1-5 months) or long-term (> 5 months). All analyses were performed using R
version 3.4.0, following the PRISMA guidelines (registration number: CRD42024507513).

Results Sixteen studies were included. Compared to the control group, gatekeepers showed increased suicide
knowledge (SMD=0.72, 95% Cl: 0.32 - 1.13) and enhanced self-efficacy (SMD=0.73, 95% Cl: 0.33 — 1.13) for suicide
prevention. For knowledge, the improvements were sustained in the short-term (SMD=0.64, 95% Cl: 0.22 - 1.06)

but diminished in the long-term (SMD=0.25, 95% Cl: 0.05 — 0.45). Online interventions showed a significant improve-
ment in self-efficacy (SMD=1.02, 95% Cl: 0.73 — 1.32), while offline interventions demonstrated a potential but non-
significant improvement (SMD=0.53, 95% Cl: -0.08 - 1.17). Preparedness also showed a significant improvement
(SMD=0.69, 95% Cl: 0.31 - 1.07).

Conclusion This meta-analysis demonstrated GKT's effectiveness in enhancing knowledge and self-efficacy (mod-
erate effect) for suicide prevention. However, the positive effects tend to decrease over time. Online training offers
significant benefits, making it a viable option for widespread implementation. Additionally, the selection of gatekeep-
ers plays a crucial role in ensuring the effectiveness of online GKT programs.
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Introduction

Suicide is a global public health concern, with over
800,000 people dying by suicide each year [1]. An even
greater number of people have considered or attempted
suicide [2]. Suicide poses a significant threat to life
safety, resulting in substantial economic losses and pro-
found impacts on families and society [3]. However, by
enhancing the ability to identify specific risk groups and
potential suicide attempts, and by developing effective
responses, the risk of suicide can be significantly reduced.
Preventing suicide has become an important goal and a
valuable indicator of global progress in promoting men-
tal health and preventing mental disorders. Many coun-
tries are developing suicide prevention strategies that
require up-to-date, high-quality evidence [4]. Research
has shown that the Gatekeeper Training (GKT) program
is an effective suicide prevention intervention [5] and one
of the most common interventions in suicide prevention
[6-8].

Before attempting suicide, individuals often send dis-
tress signals, such as verbal language, written messages,
and behaviors to those around them and need time to
decide to proceed with the act. It is during this criti-
cal period that gatekeepers can detect suicidal intent
through these signs and provide timely help and refer-
rals, thereby reducing the risk of suicide [9]. A qualified
gatekeeper (GK) can identify whether someone may have
suicidal tendencies. Anyone can contribute to suicide
prevention by recognizing early warning signs in others
and offering assistance, such as teachers, friends, family
members, co-workers, and community members [10].
In particular, teachers, health care workers, and family
members are more likely to be in contact with people at
high risk of suicide. GKT programs aim to develop par-
ticipants’ knowledge, attitudes, and skills for identifying
individuals at risk, determining their level of risk, and
then referring at-risk individuals for preventive treatment
[1]. Training programs usually include the following
components: raising awareness, increasing knowledge
on suicidality, teaching intervention skills, and informing
about local resources, and referral points [11].GKT pro-
grams typically consist of brief training sessions focused
on suicide prevention [12].

As early as Isaac’s (2009) systematic review, it was
found that GKT is associated with significant improve-
ments in GKs” knowledge and attitudes towards suicide
prevention [13]. Subsequent studies have also demon-
strated that GKT can enhance GKs’ understanding of
suicide [14] and improve their suicide prevention skills
[15, 16]. However, few studies have examined whether
these effects can be sustained over time. Additionally,
with the advancement of internet technology, online
training methods are becoming increasingly prevalent.
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However, its effectiveness compared to traditional
methods remains unclear.

To our knowledge, no meta-analysis has specifically
examined the long-term follow-up effectiveness of
GKT using data from RCTs. While previous system-
atic reviews have included RCTs, they have not quan-
titatively analyzed the differences between post-test
and follow-up outcomes [7, 12, 17-20]. This meta-
analysis aims to address the existing research gap by
systematically examining both the immediate and sus-
tained effects of GKT, thereby offering insights into the
durability of its outcomes. Furthermore, recent stud-
ies, particularly those on online training, have been
included to evaluate its effectiveness in comparison to
traditional offline methods. A recent review of system-
atic reviews on GKT proposed that the lack of RCTs is
a major limitation in the assessment of GKT and that
more RCT studies are needed to confirm these find-
ings [8]. In addition, the heterogeneity of GKT training
approaches(e.g., training modules, duration, and deliv-
ery methods) and outcome measures, as well as the
absence of standardized evidence levels in the litera-
ture, limits conclusions about the current effectiveness
of GKT [4]. In recent years, there has been an increase
in investigational studies related to GKT. Therefore,
this review aims to include these RCTs in a compre-
hensive quantitative analysis. It will focus on attitudinal
and behavioral changes in suicide GKs, incorporating
the most recent evidence to support the development
of effective suicide prevention strategies.

Methods

Registration

This  project was registered in PROSPERO
(CRD42024507513) and followed the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) reporting guidelines [21].

Search strategy

A search for relevant RCT studies was conducted
from January 1, 2000, to December 31, 2024, in MED-
LINE, PubMed, Web of Science, PsycINFO, CINAHL,
Embase, Google Scholar, Medrxiv, and Ebsco. Boolean
logic searches were performed using the keywords (sui-
cide prevention, prevention, suicide, suicide awareness,
awareness, suicide) and (gatekeeper) and (randomized
controlled trials). During the search process, I search
terms were applied search terms primarily within the
full text and filters were applied to limit the timeframe
to between January 1, 2000 and July 1, 2024 (S1 Table in
the Supplement).
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Inclusion and exclusion criteria
This review focused on integrated interventions for GKT,
defined as training programs that combine multiple com-
ponents (e.g., psychoeducation, skill-building, and role-
playing) to enhance gatekeepers’ ability to identify and
support individuals at risk of suicide. Typical GKT ses-
sions cover how to identify at-risk individuals, discuss
suicide, ask about suicidal thoughts, and encourage seek-
ing appropriate mental health care or crisis services [12].
Only RCTs related to GKT were included, with no
restrictions on participants or study populations. The
control groups typically received either no interven-
tion, waitlist conditions, or alternative interventions
(e.g., general mental health education). Two reviewers
independently conducted article selection and quality
assessment using a standardized screening protocol and
the Cochrane risk-of-bias tool [17]. Disagreements were
resolved through discussion or consultation with a third
reviewer. The reference lists of identified articles and pre-
vious relevant systematic reviews were also checked to
ensure comprehensiveness.

Statistical analysis

The main outcomes included self-efficacy (confidence in
identifying and supporting at-risk individuals), knowl-
edge (understanding of suicide risk factors), attitudes
(beliefs and perceptions toward suicide), behaviors
(frequency of suicide prevention actions), prepared-
ness (readiness to intervene), stigma (negative attitudes
toward suicide), and skill (ability to conduct risk assess-
ments). The outcome measures were continuous, and
although the measurement tools varied across studies,
we ensured all tools were aligned in the same direction
before calculating standardized mean differences (SMD)
with 95% confidence intervals (CI) to pool effect sizes.
Higher scores on all scales indicated better outcomes,
and we reversed scoring if necessary to maintain uni-
formity. The design effect (DE=1+ (m—1) * ICC) will be
applied to adjust the sample size and variance estimates
for cluster-randomized trials, ensuring comparability
with traditional RCTs (where m represents the average
cluster size and ICC (intra-cluster correlation coeffi-
cient) measures the similarity of outcomes within clus-
ters). To ensure consistency in results, a random-effects
model will be used to account for both within-study and
between-study heterogeneity. For outcomes with fewer
than 3 studies, meta-analysis will not be performed due
to insufficient data.

We analyzed post-test data and stratified participants
into subgroups based on their characteristics: specific
populations (such as family members of individuals with
mental illness, people dealing with youth issues, and
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nurses), general populations (representing the broader
society, encompassing individuals without specific vul-
nerabilities or roles related to suicide prevention), stu-
dents, and school workers. Additionally, we compared
interventions based on delivery mode (online vs. offline).
To assess the sustainability and time-varying efficacy of
the GKT effect, we integrated post-test and follow-up
data into a unified model to validate the effectiveness
over time. Follow-up periods were categorized as short-
term (1-5 months) and long-term (> 5 months).

Heterogeneity between studies was assessed using
I’statistic, classified as low (I2<25%), moderate
(25% <1 <50%), or high (I*>50%) [18]. High heteroge-
neity necessitated sensitivity analyses, which involved
excluding studies with a high risk of bias. The random-
effects model, which accounts for errors at both the sam-
pling and study levels, was deemed more suitable for this
scenario [19]. Publication bias was evaluated using funnel
plots or Egger’s regression, with the Trim and Fill method
used to adjust for potential bias [20, 22]. All data were
analyzed using R version 3.4.0.

Results

Results of study search

A total of 7,766 articles were retrieved from the data-
base. After excluding duplicates (n=22), 7,744 publica-
tions were screened for inclusion. By reviewing the titles
and abstracts, 7,710 studies were excluded. These stud-
ies were excluded based on the following criteria: stud-
ies that did not focus on suicide prevention; studies that
were not randomized controlled trials (RCTs); studies
that did not involve GKT interventions. Out of the 34
full-text articles assessed for eligibility, 16 studies pro-
vided sufficient data for meta-analysis. The search pro-
cess and selection phases followed the PRISMA protocol
flowchart, as shown in Fig. 1.

Characteristics of the included studies

The studies included in this review were published
between 2000 and 2024 (Table 1). Six studies were from
the USA [6, 22-26], two from Canada [27, 28],two from
Korea [29, 30],two from Germany [31, 32], Australia
[33],the Netherlands [34], Japan [35] and Taiwan [36]
each contributed one study. Participants included school
workers [6, 22], all students enrolled in schools, colleges
and universities as well as graduate students [23, 24, 26,
32, 35], specific population (nurses in a general hospital
[36],pastors, and Christian counselors [33], and veter-
ans contacts [25], family members of patients with men-
tal disorders [29], people dealing with youth issues [27,
34]), general population( recruited from the community)
[28, 30, 31]. The duration of follow-up was mainly no
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Fig. 1 Flow chart of literature search strategy

follow-up [24, 36], short-term follow-up [6, 23, 26, 29—
31, 33-35] and long-term follow-up [22, 25, 27, 28, 32].

Methodological quality assessment of included studies
Most studies demonstrated a low risk of bias in random
sequence generation and allocation concealment. How-
ever, there were some concerns regarding the blinding
of participants and personnel, as well as incomplete out-
come data. Specifically, the inability to blind participants
and personnel in GKT studies was a common limitation
due to the nature of the intervention. (S3 Table and S4
Figure in the Supplement).

The effect of GKT on trainees’ knowledge for suicide
prevention

The pooled SMD for knowledge about suicide preven-
tion in post-test data was 0.72 (95% CI: 0.32 — 1.13).
However, significant heterogeneity was observed
(P=90%, p<0.01). Sensitivity analysis revealed that

excluding Hill’ study [24] increased the SMD to 0.73
(95% CI: 0.59 — 0.87). For follow-up data, the improve-
ment in knowledge was sustained in the short-term
(SMD =0.64, 95% CI: 0.22 — 1.06), but diminished
in the long-term (SMD=0.25, 95% CI: 0.05 — 0.45).
Offline interventions showed a moderate effect size
(SMD =0.68, 95% CI: 0.17 — 1.19). The specific popu-
lation showed a large improvement (SMD=1.10, 95%
CI: 0.58 — 1.63). (Fig. 2, Tables 2 and 3, S5 Figure. a in
the Supplement).

Egger’s regression test indicated no significant pub-
lication bias for post-test data (Bias estimate=5.34,
SE=2.76, p=0.09). Visual inspection of the funnel
plot suggested potential asymmetry. The Trim and Fill
method yielded an adjusted SMD of 0.13 (95% CI: -0.40 —
0.66; p=0.63). Although the adjusted effect size was not
statistically significant (»p=0.63), the confidence interval
included the original pooled effect size (SMD =0.72). (S7
Table, S8 Figure. cd and S9 Table in the Supplement).
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chagnon F, et al.2007 43 825 11700 28 557 1.5800 i —B— 197 [1.39;255] 10.1%
Daisuke Kawashima,2023 25 536 06400 24 404 14900 H— 114 [053;175] 99%
Deuk-Kweon You, etal. 2023 30 29.50 10.2100 29 22.03 11.3500 —— 068 [0.16;1.21] 10.5%
Ghoncheh R, et al.2016 88 1563 29700 96 12.79 23000 - 1.07 [0.76;1.38] 11.9%
Ryan M. Hill, 2023 142 10.19 1.3900 164 10.23 1.6000 = -0.03 [-0.25;0.20] 12.3%
Sareen J, et al.2013 31 265 07500 24 223 0.9200 — e — 0.50 [-0.04;1.04] 10.4%
Tsai, WP, et al.2011 98 503 08500 97 443 06400 = 0.79 [0.50;1.09] 12.0%
Wendi F. Cross 2011 72 7794 117600 75 78.97 10.7800 7 -0.09 [-0.41;023] 11.8%
Hofmann L et al., 2024 43 2044 30100 41 1859 21800 —++ 069 [025;1.14] 11.1%
Random effects model 572 578 - 0.72 [0.32; 1.13] 100.0%
Heterogeneity: /> = 90%, t> = 0.3320, p < 0.01 ‘ ' ' '

2 A1 0 1 2

knowledge

Fig. 2 GKT Forest plot of the effect on knowledge

Table 2 Meta-analysis results stratified by follow-up periods

Variable Subgroup analysis Heterogeneity test results Meta-analysis results
1? value P value SMD effect size (95% ClI)
Knowledge 86% <0.01 0.60 (0.36,0.83)
post-trained 90% <0.01 0.72 (0.32,1.13)
short-term follow-up 81% <0.01 0.64 (0.22,1.06)
long-term follow-up 37% 0.18 0.25 (0.05,045)
Self-efficacy 85% <0.01 0.77 (0.54,1.00)
post-trained 89% <0.01 0.73 (033,11 3)
short-term follow-up 78% <0.01 0.86 (0.51,1.20)
long-term follow-up 85% <0.01 0.69 (0.04,1.34)
Attitude 96% <0.01 034 (-1.68,1.00)
post-trained - - -
short-term follow-up - - - -
long-term follow-up - - - -
Behavior 57% 0.03 0.16 (-0.06,0.37)
post-trained - - -
short-term follow-up 48% 0.14 0.07 (-0.27,0.40)
long-term follow-up 0% 044 0.15 (-0.03,0.30)
Skill 93% <0.01 040 (-0.22,1.02)
post-trained 96% <0.01 0.62 (-0.47,1.70)
short-term follow-up - - -
long-term follow-up - - - -
Preparedness 83% <0.01 0.64 (0.32,0.95)
post-trained 77% <0.01 0.69 (0.31,1.04)
short-term follow-up 75% 0.02 0.97 (0.42,1.53)
long-term follow-up - - - -
Stigma 0% <0.01 -0.23 (-040,-
0.06)

post-trained
short-term follow-up
long-term follow-up
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Table 3 Meta-analysis results stratified by participant subgroups, and intervention modality

Variable Subgroup analysis Heterogeneity test results Meta-analysis results

1> value Pvalue SMD effect size (95% Cl)

Knowledge 90% <0.01 0.72 (0.32,1.13)
offline 92% <0.01 0.68 (0.17,1.19)
online - - - -
specific population 79% <0.01 1.10 (0.58,1.63)
student - - - -
school worker - - - -
general population - - - -

Self-efficacy 89% <0.01 0.73 (0.33,1.13)
offline 93% <0.01 0.53 (-0.08,1.17)
online 0% 0.83 1.02 (0.73,1.32)
specific population - - - -
student 83% <0.01 0.66 (0.11,1.20)
school worker - - - -
general population - - - -

Skill 96% <001 062 (-047,1.70)
offline 97% <0.01 092 (-0.34,2.19)
online - - - -
specific population - - - -
student - - - -
school worker - - - -
general population - - - -

Preparedness 77% <0.01 0.69 (0.31,1.07)
offline 0% 0.50 0.38 (0.18,0.57)
online - - -
specific population - - - -
student 38% 0.20 0.50 (0.20,0.80)

school worker

general population -

The effect of GKT on trainees’ self-efficacy for suicide
prevention
The pooled SMD for self-efficacy was 0.73 (95% CI: 0.33
— 1.13). However, significant heterogeneity was observed
(P=89%; p<0.01). Sensitivity analysis revealed that
excluding individual studies did not substantially alter the
overall effect size. (Fig. 3, S5 Figure. b in the Supplement).
For follow-up data, the improvement in self-efficacy was
sustained in the short-term (SMD=0.86, 95% CI: 0.51—
1.20), but diminished in the long-term (SMD=0.69, 95%
CI: 0.04—1.34). Online interventions showed a large effect
size (SMD=1.02, 95% CI: 0.73 —1.32). A moderate but
significant improvement in self-efficacy among students
(SMD =0.66, 95% CI: 0.11-1.20). (Tables 2 and Tables 3).
Egger’s regression test indicated no significant pub-
lication bias for post-test data (Bias estimate=3.43,
SE=3.48, p=0.37). Visual inspection of the funnel

plot suggested potential asymmetry. The Trim and Fill
method yielded an adjusted SMD of 0.44 (95% CI: -0.05
— 0.92; p=0.08). Although the adjusted effect size
was not statistically significant (p=0.08), the confi-
dence interval included the original pooled effect size
(SMD =0.73). (S7 Table, S8 Figure. cd and S9 Table in
the Supplement).

The effect of GKT on trainees’ skills for suicide prevention
The pooled SMD for skills using the random-effects
model was 0.62 (95% CI: -0.47-1.70), there was no sta-
tistically significant improvement in skills among gate-
keepers following GKT. Significant heterogeneity was
observed (I*=93%, p<0.01). In the short-term follow-
up, the effect size was small and not statistically signifi-
cant. (Fig. 4, Tables 2 and 3).
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Coleman, et al. 2019 33 356 06300 36 2.86 0.6900 ——.— 1.05 [0.54;155] 13.4%
Daisuke Kawashima, 2023 25 22.80 2.8300 24 20.04 3.4300 —E— 0.87 [0.28;1.45] 12.5%
Ghoncheh R, et al.2016 88 2594 58100 96 16.08 7.2900 i —H— 148 [1.16;181] 154%
Ryan M. Hill, 2023 142 13.25 22200 164 12.79 2.2900 joon 0.20 [-0.02;0.43] 16.3%
Sareen J, et al.2013 31 27307800 24 257 09900 —.— 0.18 [-0.35;0.71] 13.1%
Wendi F. Cross 2011 72 408 05000 75 3.95 04000 —.— 0.29 [-0.04;061] 15.4%
Hofmann L et al,2024 43 4197 89900 41 31.93 9.1700 + 1.10 [0.64;1.56] 14.0%
Random effects model 434 460 ’ 0.73 [0.33; 1.13] 100.0%
Heterogeneity: /2 = 89%, > = 0.2401, p < 0.01 T rTr

151050 05 1 15
self-efficacy

Fig. 3 GKT Forest plot of the effect on self-efficacy

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chagnon F, et al. 2007 71 18.75 21100 71 14.07 2.1000 [1.79;263] 252%
Daisuke Kawashima, 2023 25 527 29300 24 640 3.9100 [-0.89;0.24] 245%
Sareen J, etal.2013 31 25007600 24 22309700 [[0.23;0.85] 246%
Wendi F. Cross 2011 72 11.02 20200 75 10.49 2.2600 [-0.08;0.57] 25.6%
Random effects model 199 194 [-0.47; 1.70] 100.0%
Heterogeneity: /° = 96%, ©° = 1.1674, p < 0.01 !

2 A1 0 1 2
skill

Fig. 4 GKT Forest plot of the effect on skill

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Coleman, et al. 2019 33 40105000 36 3.61 0.5600 —.— 0.74 [0.25;1.23] 19.1%
Daisuke Kawashima, 2023 30 920 32400 29 7.14 29700 —&— 065 [0.13;1.18] 18.3%
Ryan M. Hill, 2023 142 19.94 35900 164 18.82 3.4900 REep 0.32 [0.09;0.54] 253%
Sareen J, et al.2013 31 277 09100 24 239 0.8400 —8— 043 [-0.11;0.96] 17.9%
Hofmann L et al.,2024 43 26.88 52000 41 18.17 7.0000 —8— 140 [092;1.88] 19.4%
Random effects model 279 294 —r— -ﬁ | 0.69 [0.31; 1.07] 100.0%

Heterogeneity: /* = 77%, ©> = 0.1379, p < 0.01
Fig. 5 GKT Forest plot of the effect on preparedness

The effect of GKT on trainees’ preparedness for suicide
prevention

The pooled SMD for preparedness using the random-
effects model was 0.69(95% CI: 0.31 —1.07) with signifi-
cant heterogeneity (I?=77%, p<0.01). In the short-term
follow-up, the effect size was large and statistically sig-
nificant (SMD =0.97, 95% CI: 0.42 — 1.53). For students,
the SMD ranged from 0.20 to 0.80, while offline interven-
tions demonstrated a small improvement with an SMD

-15-1-050 05 1
preparedness

1.5

of 0.38 (95% CI: 0.18 — 0.57) and very low heterogeneity
(P=0%, p=0.50). (Fig. 5, Tables 2 and 3).

Egger’s regression test indicated no significant publica-
tion bias for preparedness (Bias estimate=3.26, SE=2.19,
p=0.23). Visual inspection of the funnel plot suggested
potential asymmetry. The Trim and Fill method yielded
an adjusted SMD of 0.41 (95% CI: -0.05 — 0.88; p=0.09).
Although the adjusted effect size was not statistically sig-
nificant (p=0.09), the confidence interval included the
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original pooled effect size (SMD=0.69). (S7 Table, S8
Figure, and S9 Table in the Supplement).

Discussion

To our knowledge, this is the first and most comprehen-
sive pooled analysis of RCTs related to GKT, encompass-
ing a diverse and broad population without restriction to
specific population. Preliminary data suggested that GKT
can enhance participants’ knowledge of suicide preven-
tion, improve self-efficacy and preparedness, and reduce
stigma toward suicide. However, definitive evidence on
its effects on attitudinal and behavioral outcomes remains
lacking [7, 13, 47, 48]. Because acquiring knowledge is
relatively straightforward, changing attitudes is more
challenging. Attitudes reflect deeper values and may
require extended durations to achieve significant change.
Short training sessions (e.g., 1 -2 h) may be insufficient
to induce meaningful attitudinal shifts [29]. Insufficient
attitudinal changes can undermine the sustainability
of GKT outcomes, as improved knowledge and skills in
suicide prevention do not always translate into behavio-
ral change. The short follow-up periods of most studies
may not be long enough to capture significant behavio-
ral changes among participants [49]. To ensure a lasting
impact on suicide prevention behaviors, future GKT pro-
grams should focus more on altering attitudes, as this is
a crucial factor in achieving sustained behavioral change
[47].

Our study confirms that GKT is effective in enhanc-
ing both knowledge and self-efficacy, consistent with
previous research [7]. However, we observed a signifi-
cant decline in suicide knowledge scores from post-test
to follow-up, indicating that knowledge gained may
diminish over time. This novel finding suggests that
acquired knowledge tends to decline over time if not
regularly applied [50]. Although the effectiveness of GKT
decreases over time, its importance is not diminished.
Similar to other forms of skills training, GKT should be
periodically refreshed to maintain its impact [50, 51].
Strategies such as spaced learning, which involves dis-
tributing training over time rather than concentrating it
in a single phase, and practice-based interventions, have
been identified as effective methods to enhance training
outcomes [52].

The results indicated that both online and offline deliv-
ery methods have an impact on GKT. Specifically, online
methods appear to be more effective in improving self-
efficacy among trainees. Innovative training modalities
are essential as advancements in science and technol-
ogy increasingly influence GKT. Recent years have seen
a growing reliance on online technologies for GKT [26,
53-55]. Online training offers several benefits: it over-
comes time and space constraints, providing accessibility
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and flexibility that benefit gatekeepers with limited
resources [34]. Online training utilizes flexible, user-
friendly and relatively inexpensive internet technologies
[24, 34, 56]. The online training can accommodate for its
flexibility and scalability. This format has proven effec-
tive in reducing training costs, as demonstrated during
the COVID-19 pandemic when remote meetings ena-
bled interaction with national suicide prevention experts
without incurring high travel costs [25]; Additionally,
online training can enhance privacy and engagement by
addressing concerns associated with sharing sensitive
content in traditional settings. Some participants may
be reluctant to participate in this program due to pri-
vacy concerns. Online GKT courses may help overcome
these obstacles to promote more people’s participation
[53]; Studies have shown that online training can be as
effective as face-to-face training, sometimes even reduc-
ing trainee reluctance to intervene more effectively [57].
It also increases learner control over the training process
and extends accessibility to individuals who previously
had limited opportunities for suicide prevention train-
ing [7, 58]. However, online training does have limita-
tions: participants may lack foundational knowledge,
be less adequately prepared, and show lower efficiency
or exhibit reluctance to assume the role of gatekeepers.
There is also a shortage of comprehensive videos offering
detailed implementation guidance or targeted content for
specific demographics [59]. Therefore, combining online
and offline training modalities can significantly enhance
the overall effectiveness of GKT.

The results indicated that the effectiveness of GKT var-
ies depending on the participants, highlighting the need
for careful consideration in selecting individuals for the
program. Preliminary analysis suggested that targeted
training for specific professional groups, such as health-
care workers, teachers, and first responders, may yield
higher benefits as gatekeepers. This is likely due to their
frequent interactions with high-risk individuals and their
ability to apply GKT skills in their daily roles. In contrast,
the general population may derive less immediate ben-
efit. Therefore, given the challenging nature of the gate-
keeper role, individuals must be selected thoughtfully,
choosing more suitable trainees for the program. GKs
should possess the capacity to effectively support sui-
cide prevention efforts for at-risk populations. They need
to have the skills and sense of responsibility required to
intervene and take action to prevent suicide [60]. Previ-
ous studies have often overlooked the importance of par-
ticipant selection. Future research should address aspects
such as the suitability of trainers, the selection criteria
for trainees, and the content of the training. Addition-
ally, it is crucial to evaluate training tailored to specific
backgrounds or populations [4]. Equally important is the
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consideration of health support for GKs. Establishing a
robust support system, such as a buddy system for GKs
to train together and regular meetings to share experi-
ences and technical resources, is essential [6].

Some limitations of this study should be noted. Sig-
nificant heterogeneity was observed among the included
studies, indicating substantial variability in results. The
limited number of studies for certain outcomes, particu-
larly in subgroup analyses, may restrict the reliability and
generalizability of the findings. Future research should
include more high-quality studies to validate these find-
ings and enhance the robustness of the analysis. Meth-
odological challenges were also identified, particularly
the difficulty in achieving blinding of participants and
personnel. Given that GKT involves active participa-
tion and skill-building, blinding is often impractical,
potentially introducing performance bias. Despite this
limitation, the consistency of results across studies with
varying levels of blinding suggests that the impact of
performance bias may be mitigated. Researchers should
explore innovative approaches, such as using objective
outcome measures or independent assessors, to address
these challenges. Addressing these limitations, particu-
larly those related to blinding and incomplete data, will
be crucial for advancing our understanding of GKT’s
effectiveness and its long-term impact on suicide preven-
tion behaviors, ultimately informing the development of
more effective strategies.

Conclusions

Based on the meta-analysis of RCTs, this review provides
robust evidence reaffirming the effectiveness of GKT
programs in enhancing knowledge, self-efficacy, and
preparedness. However, the positive effects on knowl-
edge and self-efficacy tend to diminish over time. Online
training has gained popularity as a delivery method for
GKT, and our analysis compared its effectiveness with
traditional in-person approaches. The selection of train-
ing participants is critical, given that the effectiveness of
GKT varies across different populations. To maximize
outcomes, we recommend that future GKT programs
incorporate regular sessions, extended durations, innova-
tive modalities, and more targeted participant selection,
thereby fostering lasting attitude changes and promoting
sustained intervention behaviors.
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