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Abstract

Background Many healthcare professionals are experiencing psychological distress. Electronic mental health
(e-mental health) interventions are convenient and multifunctional. This review aimed to examine the effectiveness
of e-mental health interventions in enhancing the well-being of healthcare professionals and to identify moderating
factors.

Methods A comprehensive and systematic retrieval of randomized controlled trial (RCT) studies was conducted
across eight databases. Population, intervention, comparison, and outcome (PICO) were used to define eligibility
criteria. Stress, anxiety, and depression were included as the main outcomes. The overall effect was calculated based
on the random effect model, and the effect size was presented using the standardized mean difference. The char-
acteristics of the research design, intervention object, and intervention design were further selected as potential
moderating factors for subgroup analysis. Meta-regression analyses were finally performed, incorporating intervention
duration and sample size as independent variables.

Results A total of 20 studies were included in the systematic review, and 17 were included in the meta-analysis.

A large effect on relieving stress and anxiety and a small-to-medium effect on reducing depression were observed.
Subgroup analyses showed that features including mindfulness approaches, online courses, computer use, group
interventions, and professional guidance were more favorable in the design of services. Meta-regression revealed
that intervention duration only affected anxiety symptoms. Caution should be exercised, as some subgroups had
fewer studies and higher heterogeneity. For the secondary outcomes, a large effect on emotional exhaustion

and a small-to-medium effect on well-being were observed.

Conclusion In general, e-mental health interventions significantly improve the psychological health of healthcare

staff. Future high-quality, large-scale studies targeting healthcare professionals and specific intervention scenarios are
warranted.
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Introduction

With the increased pace of life and unhealthy lifestyles,
the prevalence of mental health conditions and substance
abuse has risen rapidly in recent years [1]. Moreover,
the capacities of health service systems in many coun-
tries are lagging, and people’s needs for psychological
services are not met in a timely manner [2]. In the first
year of the coronavirus disease 2019 (COVID-19) pan-
demic, the incidence of common psychiatric condi-
tions such as depression and anxiety increased by 25%
worldwide [3]. An epidemiological survey conducted
in China showed that the weighted lifetime prevalence
of psychiatric disorders (except dementia) among the
population over 18 years of age is 16.57%; however, in
early 1980, the prevalence of psychiatric disorders in
the population aged over 15 years was only 12.69% [4].
Data from the United Kingdom Household Longitudinal
Study (UKHLS) showed that the population prevalence
of mental health issues increased from 24.3% between
2017 and 2019 to 37.8% in April 2020, with the largest
increase (18.6%) among individuals aged 18-34 years
[5]. Since the peak of the COVID-19 pandemic, mental
health issues have remained prominent as people return
to the workplace after a prolonged period of ‘working
from home’ The burden of mental health issues not only
increases the cost of medical treatment but also reduces
human capital and productivity [6].

The nature of healthcare work is professional with
a focus on social humanity. Healthcare professionals
(HCPs) are involved in diagnosis and treatment and deal
with complex interpersonal relationships with patients
and their families. In addition, high social expectations,
heavy workloads, excessive evaluations, high competi-
tion, and tension in relationships with colleagues and
leadership may cause psychological strain among health-
care professionals [7]. However, healthcare institutions
often pay little attention to the psychological health of
staff and may not provide adequate support and resources
[8]. A study from Germany showed that the COVID-19
pandemic caused symptoms of hypertonia, depression,
and anxiety among healthcare professionals, and these
symptoms tended to occur simultaneously [9]. A system-
atic review including 13 studies reported that the preva-
lence rates of anxiety, depression, and insomnia among
healthcare professionals were 23.2%, 22.8%, and 38.9%,
respectively [10]. Sevliya et al. found that during the nor-
malization stage of the COVID-19 pandemic, mental
health issues remained prominent among pediatricians,
and the prevalence rates of depression, anxiety, and stress
symptoms were 54.8%, 49.4%, and 33.3%, respectively
[11]. An online survey conducted by the British Medical
Association revealed that as doctors work longer hours,
they are more likely to experience emotional distress
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[12]. Another study showed that burnout is more pro-
nounced among doctors who are younger, work more
than 40 h per week, and work in tertiary hospitals [13].
It has also been shown that the underreporting of psy-
chological illness, self-stigma, and concerns about con-
fidentiality among medical staff can significantly hinder
them from seeking help, thus leading to a poorer state of
health [14]. Poor mental health in healthcare profession-
als will not only have an impact on their quality of life but
also interfere with their daily clinical judgment and may
eventually lead to a decline in the quality of the medical
services they provide [15].

With the development of information technology, elec-
tronic resources are playing an increasingly important
role in public health, and electronic health has emerged
as a new medical model. The World Health Organiza-
tion defines electronic health as a service that transforms
health resources and care through electronic technol-
ogy [16]. Electronic mental health (e-mental health)
approaches (“mental health services and information
delivered or enhanced through the internet and related
technologies”) are receiving increasing attention and
have been indicated to play a critical role in health man-
agement [17]. During the COVID-19 pandemic, e-mental
health interventions became the preferred choice due to
social distancing constraints [18]. Some scholars believe
that e-mental health, owing to the advantage of eliminat-
ing spatial distance constraints, can provide essential ser-
vices to people living in rural areas, greatly improving the
accessibility and equity of health services [19]. Moreover,
e-mental health is cost-effective and reduces financial
burdens [20]. Some studies also showed that e-mental
health interventions reduced help-seeking barriers, such
as shame, stigma, and fear of exposure, due to anonymity
[21].

However, existing research on the effectiveness of
e-mental health interventions is contradictory [22].
Christensen et al.concluded that elderly individuals with
depression found video counseling beneficial and sup-
portive of their mental health [23]. Similarly, another
systematic review found that e-mental health services
effectively ameliorated stress, depression, burnout,
insomnia, and alcohol abuse, with effectiveness poten-
tially correlating with personal characteristics such as
occupation type [24]. However, not all researchers agree
with these findings. Considering the diversity of pro-
grams and variability of outcomes, one study asserted
that the evidence supporting internet interventions for
bipolar disorder remains limited [25]. Some studies
have argued that many patients are resistant to online
therapy because of concerns about the confidentiality
of their medical data [26]. Another study that targeted
male workers at high risk of depression concluded that
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e-mental health courses were effective in improving
sleep and reducing stress, but the lack of personal rele-
vance and interaction was a hindering factor [27]. Bolier
et al. pointed out that there was no significant difference
between online and offline interventions in improving
the well-being of healthcare professionals, and the latter
had very low acceptance and adherence rates. Research
from Poland noted that e-mental health interventions
had limited effectiveness in improving burnout and
depression in healthcare workers, whether immediately
postintervention or at follow-up [28]. Marshall et al.
noted that much of the existing research has been con-
ducted by program companies, and more empirical evi-
dence is needed regarding the safety and effectiveness of
e-mental health services [29].

Most of the previous research has focused on the entire
population, adolescents, older adults, or patients with
psychological disorders, and few studies have specifically
paid attention to the effects of e-mental health interven-
tions on healthcare professionals [30]. In this system-
atic review and meta-analysis, the three most common
psychological symptoms (stress, anxiety, and depres-
sion symptoms) were selected as outcomes to determine
the effectiveness of e-mental health services. With the
combination of subgroup analysis and meta-regression,
we further determined the most effective intervention
method. The findings can provide knowledge for psy-
chological interventions and evidence for promoting the
well-being of healthcare personnel.

Methods

In accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment, a review protocol was first developed and then
registered in the PROSPERO database at the Center
for Reviews and Dissemination in the United Kingdom
(CRD42022360906) [31].

Search strategies

A three-step extensive search was performed accord-
ing to the procedures proposed by the Cochrane Hand-
book for Systematic Reviews of Interventions [32]. First,
we searched PubMed, Embase, Cochrane Library, Psy-
cINFO, Web of Science, ProQuest Dissertations and The-
ses, China National Knowledge Infrastructure (CNKI),
and Wanfang electronic databases from inception to
April 13, 2022, to identify eligible trials and performed a
second search on March 10, 2023. Second, a search was
conducted for unpublished trials from a variety of clinical
trial registries. Finally, the reference lists of similar sys-
tematic reviews and the included studies, grey literature,
and target journals were hand-searched to maximize the
number of potential trials.
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Specific index terms and keywords were developed in
line with the syntax rules of the databases to identify all
relevant studies. Medical subject heading (MeSH) terms
or database subject headings, including ‘health personnel,
‘doctor; ‘anxiety disorders, ‘occupational stress, ‘e-mental
health; ‘e-therapy, ‘mental health services, and ‘health
education; along with truncated and expanded keywords,
were used to identify all available relevant studies. The
detailed search strategy used for the eight databases is
reported in the Supplementary material (Table S2).

There was no language filter applied during the iden-
tification of the studies to ensure that all relevant stud-
ies were identified [33]. Studies with titles or abstracts
that met the selection criteria were selected for full-text
evaluation by two independent reviewers, and the rea-
sons for exclusion were documented. A third author was
involved in the resolution of any disagreements [34]. All
relevant abstracts from the databases were uploaded into
EndNote X8. The two reviewers independently removed
duplicated abstracts and then reviewed the remaining
abstracts for inclusion. Original authors of relevant trials
were contacted via e-mail to request missing information
or to seek clarification.

Study eligibility criteria

Eligibility criteria were defined using the Population,
Intervention, Comparison, and Outcome (PICO) frame-
work. Studies qualified if they (1) involved healthcare
professionals; (2) focused on e-mental health interven-
tions; (3) included a control group with no treatment,
usual care, or an active intervention; (4) measured at least
one of the following outcomes: stress, depression, or anx-
iety; and (5) were randomized controlled trials (RCTs).
Studies were excluded if they were (1) non-experimental
studies; (2) discussion or review papers; (3) trial proto-
cols; or (4) only abstracts. The specific eligibility criteria
are reported in the Supplementary material (Table S3).

Study selection

Two researchers (ZZM and YJH) screened the literature
independently. Initial screening was performed by read-
ing the titles and abstracts according to the inclusion
and exclusion criteria. Then, for the remaining literature,
a thorough full-text reading and further screening were
conducted. Controversies were resolved by consensus of
the two reviewers and were finalized by a third reviewer
(VXW).

Data extraction

A data extraction form for randomized trials was down-
loaded from the Cochrane Handbook for Systematic
Reviews of Interventions, and data extraction was per-
formed independently by two researchers [35]. The
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extracted information included the author, publication
year, country, setting, research design, targeted popula-
tion, age, sample size, intervention, follow-up, compara-
tor, outputs, attrition rate, intention-to-treat (ITT), and
missing data management. Information about e-men-
tal health interventions, including the name, content,
duration, follow-up, and outcome measures, was also
extracted. Two researchers completed data extraction
and then checked for differences, which were finalized by
a third researcher.

Quality assessment

The Cochrane risk-of-bias tool was used for bias evalu-
ation [32]. Two researchers independently assessed the
risk of bias for the included RCTs, including seven items:
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
outcome reporting, and other biases. Each item score
corresponds to one of three levels: high risk, low risk, and
unclear risk.

The Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) framework was used
to evaluate the overall quality of the literature [36]. The
evaluation was conducted considering the following fac-
tors: risk of bias, inconsistency, indirectness, imprecision,
and other considerations. Each factor corresponds to
one of three levels: not serious, serious, and very serious.
The differences were assessed by a third researcher and
agreed upon before being finalized.

Statistical analysis
Data were collated and analyzed using RevMan 5.4.1
statistical software [37]. As psychological states involve
continuous data measured on different scales, the stand-
ardized mean difference (SMD) was chosen as the effect
indicator for analysis. All summary analyses were based
on the DerSimonian and Laird random-effects model and
inverse-variance method. When a random-effects model
is used, the weights of each study are more similar, and
the confidence interval for the result is wider. However,
when the conditions of each study are different, the stud-
ies are more reflective of the real world [38]. If a study
only provided the size of the sample and the data of the
quartile, then the previous study was referred to estimate
the mean and standard deviation [39, 40]. If a study did
not provide enough data for meta-analysis, the corre-
sponding authors were contacted by e-mail. If there was
no response from the corresponding authors, descriptive
statistics of the data were used.

Cochran’s Q (chi-square test) and I? statistics were
used to assess the heterogeneity of the included studies.
For the significance level of the chi-square test, p < 0.05
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indicated significant statistical heterogeneity. The I* value
provided information on the magnitude of heterogeneity,
with values below 40% considered not important, 30% to
60% indicating moderate heterogeneity, 50 to 90% indi-
cating severe heterogeneity, and 75 to 100% indicating
significant heterogeneity [35].

Sensitivity, subgroup, and meta-regression analyses
were performed when the heterogeneity was significant.
Sensitivity analysis involved systematically excluding one
study at a time to assess its impact on the effect size and
heterogeneity [32]. Subgroup analysis was conducted to
explore the sources of heterogeneity and examine the dif-
ferences in the effectiveness of e-mental health interven-
tions across different groups [41]. Based on the literature,
we identified the types of subgroups [34, 42]. Predefined
subgroups included the publication year, research design,
occupation type, intervention context, intervention tool,
intervention technology, intervention approach, support-
ive system, and comparators. Meta-regression was per-
formed using Stata 16.1 software to determine whether
the heterogeneity between studies was influenced by
specific covariates [38]. Random-effect univariate regres-
sion models were used to assess the effect of the sample
size and duration of the intervention on the effective-
ness of the intervention among healthcare providers. We
adopted a significance level of p < 0.05 [43].

Publication bias was assessed when ten or more stud-
ies were included [44]. To examine publication bias,
contour-enhanced funnel plots were used to calculate the
comparison between each effect size and standard devia-
tion. We also used the graphical test method proposed by
Egger et al. to visually evaluate the funnel plot and deter-
mine the impact of publication bias on the interpretation
of the results [43].

Results

Search results

A total of 6771 articles were obtained from searches of
the eight databases combined with manual searches.
After eliminating duplicates, 4365 articles were further
screened. After reading the titles and abstracts, 4265
articles were excluded. Eighty-nine articles were further
excluded after reading the full text. Ultimately, 20 articles
were included in the systematic review. Due to missing
data or differences in analysis methods in some articles,
we only conducted a meta-analysis on 17 articles. The lit-
erature screening process and studies are shown in Fig. 1.

Study characteristics

Of the 20 studies included, seven were from China [45—
51], five were from the USA [52-56], and the rest were
from Australia [57], Germany [58], Ireland [59], the Neth-
erlands [60], Poland [28], Spain [61], Turkey [62], and
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[ Identification of studies via databases and registers J

Fig. 1 PRISMA flow diagram

Vietnam [63]. There were fifteen RCTs with two arms,
four RCTs with three arms, and one RCT with four arms.
The sample size ranged from 36 to 1240 participants.
Eleven studies targeted nurses, one targeted doctors,
and eight targeted mixed populations. The psychologi-
cal interventions included mindfulness-based therapy,
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cognitive—behavioral therapy (CBT), stress management,
emotional freedom techniques (EFTs), and mixed tech-
niques. Fourteen studies used individual interventions,
and six studies applied group interventions. The inter-
vention duration ranged from ten days to half a year. The
highest dropout rate was 82.15%. In addition to stress,
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anxiety, and depression symptoms, some studies also
included burnout, well-being, work engagement, and
self-efficacy as outcome variables. The characteristics and
interventions of each study are shown in the Supplemen-
tary material (Tables S5 and S6).

Risk of bias within studies

Among the included studies, only two were classified
as having a low risk of bias for each item [57, 61]. Two
studies were classified as having a high risk of bias for
randomization [55, 56]. Most studies did not clarify the
ways in which allocation concealment or participant,
researcher, or data processor blinding was implemented
[28, 45-56, 58—60, 63]. Seven studies were classified as
having a high risk of bias for incomplete data reporting
due to high rates of participant dropout and a lack of
explanation of the causes [28, 47, 53-56, 60]. A detailed
quality assessment of the studies is shown in Supplemen-
tary material (Fig. S1).

Risk of bias across studies

According to the GRADE criteria, the overall quality of
the studies related to the three outcome indicators was
evaluated as low (see Supplementary Material Table S7).

Experimental Control

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% C|
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For stress and anxiety symptoms, the risk of inconsist-
ency was downgraded due to the very large heterogeneity.
For depression symptoms, the risk of bias was down-
graded, as allocation concealment and blinding were
not well implemented. A funnel plot was used to analyze
publication bias regarding stress and anxiety symptoms.
The funnel plot was symmetrical, and no study accepted
sponsorship from stakeholders, which suggests that there
was no obvious publication bias.

Results of the meta-analysis

Eleven studies including 1263 subjects were included
in the meta-analysis on the outcome measure of stress.
As shown in Fig. 2, stress symptoms were significantly
improved in the e-mental health intervention group
compared with the control group [SMD = — 1.21, 95%
CI (- 1.85, — 0.56), P < 0.05]. Ten studies were included
in the meta-analysis on symptoms of anxiety. As shown
in Fig. 3, anxiety symptoms were significantly improved
in the e-mental health intervention group compared
with the control group [SMD = — 0.83, 95% CI (- 1.29,
—0.37), P < 0.05]. As shown in Fig. 4, from the meta-anal-
ysis of the remaining nine studies, depression was mod-
erately reduced in the intervention group [SMD = — 0.30,

Std. Mean Difference Std. Mean Difference

Berna Dincer 2021 285 1.21 35 74 153 37 8.7% -3.25[-3.97, -2.54] -

Erin G. Mistretta 2018 6.43 283 23 713 329 15 8.9% -0.23 [-0.88, 0.43] -1
Hui (Grace) Xu 2022 1423 5.99 52 16.71 54 63 9.4% -0.43 [-0.81, -0.06] 7
Kaigin Deng 2020 12.26 3.9 43 2019 2.02 42 9.1% -2.52[-3.10, -1.95] -

Keith G Lambert 2020 10.54 16.61 13 1228 11.32 12 8.5% -0.12[-0.90, 0.67] -1
Maria Antonia Fiol-DeRoque 2021 6.11 45 221 694 468 215 9.7% -0.18 [-0.37, 0.01] h
Peter M. Gollwitzer 2018 213 0.6 33 255 0.64 38 9.3% -0.67 [-1.15, -0.19] -
Qingqing Wang 2021 83.56 2.29 52 96.12 243 52 8.4% -5.28 [-6.11, -4.45] I

Rebekah K. Hersch 2017 2.072 0.38 39 235 049 51 9.4% -0.62 [-1.05, -0.19] =
Vivian Low 2015 14 733 28 149 7.2 29 9.2% -0.12[-0.64, 0.40] T
Yuchen Huang 2015 68.82 11.27 88 7212 7.88 82 9.5% -0.34 [-0.64, -0.03] =
Total (95% CI) 627 636 100.0% -1.21 [-1.85, -0.56] . .0 . .

Heterogeneity: Tau? = 1.12; Chi? = 247.53, df = 10 (P < 0.00001); I* = 96%
Test for overall effect: Z = 3.66 (P = 0.0003)

Fig. 2 Forest plot of the effect of e-mental health on stress
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Fig. 4 Forest plot of the effect of e-mental health on depression

95% CI (— 0.49, — 0.11), P < 0.05]. Due to the significant
heterogeneity [stress symptoms: I = 96%, P < 0.05; anxi-
ety: P =94%, P < 0.05; depression symptoms: P =65%, P
< 0.05], we conducted a sensitivity analysis. After remov-
ing the studies one by one, the meta-analysis was not
affected, indicating that the results were stable.

Subgroup analysis

For stress symptoms, significant differences were noted
in the effect of the interventions among the following
subgroups: publication year, design, occupation type,
intervention tool, intervention technology, intervention
approach, supportive system, and control group. For
anxiety symptoms, significant differences were observed
among the publication year, occupation type, interven-
tion context, intervention tool, intervention technology,
intervention approach, and supportive system subgroups.
For depression symptoms, there were significant differ-
ences in the effects among the region, occupation type,
intervention technology, intervention approach, and
supportive system subgroups. This partly explained the
sources of heterogeneity. Notably, certain subgroups had
a few studies or exhibited high heterogeneity, thus war-
ranting caution in the generalizability of our results. The
detailed data are shown in Table 1.

In terms of publication year, articles published after
2020 had significantly higher intervention effects than
those published before 2020 (stress symptoms: SMD
(> 2020) = — 1.94, Z = 290, P < 0.05 versus SMD
(< 2020) = — 041, Z = 4.14, P < 0.05; anxiety symptoms:
SMD (> 2020) = — 1.06, Z = 3.65, P < 0.05 versus SMD
(< 2020) = — 0.07, Z = 0.58, P > 0.05; and depression
symptoms: SMD (> 2020) = — 0.36, Z = 3.02, P < 0.05
versus SMD (< 2020) = — 0.08, Z = 0.62, P > 0.05).

For intervention groups, more studies focused on
nurses compared to other healthcare professionals, and
the intervention effect was better. With regard to stress
and depression symptoms, the intervention effect was
significantly better for nurses than for all other healthcare
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staff (stress symptoms: SMD (nurses) = — 2.08, Z = 3.26,
P < 0.05 versus SMD (all) = — 0.22, Z = 2.81, P < 0.05;
depression symptoms: SMD (nurses) = — 0.49, Z = 3.33,
P < 0.05 versus SMD (all) = — 0.04, Z = 0.58, p > 0.05),
and the difference between the groups was significant
(stress symptoms: x2 = 8.41, p > 0.05; depression symp-
toms: y2=7.26, p > 0.05).

Regarding stress and depression symptoms, mindful-
ness therapy exhibited a better effect than CBT (stress
symptoms: SMD (CBT) = — 093, Z = 2.81, P < 0.05
versus SMD (mindfulness) = — 1.50, Z = 1.48, P < 0.05;
depression symptoms: SMD (CBT) = — 0.26, Z = 141,
p > 0.05 versus SMD (mindfulness) = — 0.47, Z = 2.53,
P < 0.05). However, there was no significant difference
between the groups. For anxiety symptoms, EFTs showed
a better therapeutic effect, followed by CBT and mindful-
ness therapy, and then mixed interventions, with signifi-
cant differences between the groups.

Regarding intervention technology, online course
interventions were significantly better than the other
two methods, namely, the app and website meth-
ods, and there were significant differences between
the groups (stress symptoms: SMD (app) = — 0.24 ver-
sus SMD (online course) = — 3.66 versus SMD (web-
site) = — 0.64, 2 = 23.27, P < 0.05; anxiety symptoms:
SMD (app) = — 0.16 versus SMD (online course) = — 2.53
versus SMD (website) = — 0.47, y2=7.13, P < 0.05;
depression symptoms: SMD (app) = — 0.16 versus SMD
(online course) = — 0.89 versus SMD (website) = — 0.13,
x2=18.09, P < 0.05).

Group interventions seemed to be more effec-
tive than individual interventions (stress symptoms:
SMD = - 2.83,95% CI [— 4.95, — 0.70], Z=2.61, P < 0.05
for group versus SMD = — 0.32, 95% CI [— 0.49, — 0.16],
Z = 3.82, P < 0.05 for individual; anxiety symptoms:
SMD = - 2.53,95% CI [— 4.35, — 0.72], Z=2.74, P < 0.05
for group versus SMD = — 0.24, 95% CI [ 0.43, — 0.06],
Z = 2.54, P < 0.05 for individual; depression symptoms:
SMD = 0.89, 95% CI [—- 1.21, — 0.56], Z = 5.37, P < 0.05
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for group versus SMD = — 0.15, 95% CI [- 0.25, — 0.05],
Z = 2.89, P < 0.05 for individual). Significant differences
were found within a specific subgroup (stress symptoms:
X2 = 5.31, p < 0.05; anxiety: x2 = 6.07, p < 0.05; depres-
sion symptoms: x2 = 18.05, p < 0.05), indicating that the
intervention effect size varied significantly within this
subgroup.

Professional support interventions were more effec-
tive than self-guided interventions (stress symptoms:
SMD (professional support) = 2.28, 95% CI [— 3.94,
—0.61], Z =2.68, P < 0.05 versus SMD (self-guided inter-
ventions) = — 0.36, 95% CI [— 0.55, — 0.17], Z = 3.68,
P < 0.05; anxiety symptoms: SMD (professional sup-
port) = — 2.53, 95% CI [ 4.35, — 0.72], Z = 2.74, P < 0.05
versus SMD (self-guided interventions) = — 0.24, 95% CI
[- 0.43, — 0.06], Z = 2.54, P < 0.05; depression symptoms:
SMD (professional support) = — 0.89, 95% CI [— 1.21,
— 0.56], Z =5.37, P < 0.05 versus SMD (self-guided inter-
ventions) =— 0.15, 95% CI [- 0.25, — 0.05], Z = 2.89,
P < 0.05). Significant differences were found within a spe-
cific subgroup (stress symptoms: y2 = 5.03, p < 0.05; anx-
iety: x2 = 6.07, p < 0.05; depression symptoms: y2= 18.05,
p < 0.05), indicating that the intervention effect size var-
ied significantly within this subgroup.

Meta-regression

Meta-regression demonstrated that the intervention
duration (p = 0.027, P = 0.04) had a significant effect on
the relief of anxiety symptoms. For stress and depressive
symptoms, the intervention duration and sample size had
no significant impact. Detailed results are displayed in
Table 2.

Other outcomes

Other outcomes in the studies included burnout, well-
being, work engagement, self-efficacy, satisfaction, atten-
tion, somatic symptoms, sleep quality, trauma exposure,
compassion, social support, work-life integration, and
coping style, among which burnout and well-being were
most commonly included, with five studies each. From
the results shown in Table 3, e-mental health inter-
ventions significantly alleviated emotional exhaustion
[SMD = - 0.91, 95% CI (- 1.33, — 0.50), P < 0.05] and
improved the well-being of subjects [SMD = 0.38, 95% CI
(0.01, 0.75), P < 0.05] but had no impact on depersonali-
zation and personal accomplishment.

Discussion

To our knowledge, this review appears to be among the
first to provide a systematic and comprehensive analy-
sis of the impact of e-mental health interventions on the
well-being of healthcare staff in a professional context
[53]. Our results were derived from 17 RCTs, totaling
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2431 subjects. Compared with the control groups, the
e-mental health intervention groups showed significant
effects on stress, anxiety, and depression symptoms.
Subgroup analysis demonstrated a series of moderators,
including intervention context and supportive system.

E-mental health interventions exhibited large effects in
mitigating stress and anxiety symptoms among health-
care professionals and showed small-to-moderate effects
in reducing depression symptoms, which follows the gen-
eral trends reported in related studies. In another review,
a significant effect (Hedge’s g = 0.51, P < 0.05) that was
lower than that in our study was observed in the reduc-
tion in stress symptoms in the general population [64].
This may be due to the higher health literacy of health-
care staff, so more obvious effects were observed after the
interventions. Another meta-analysis showed a signifi-
cant effect (Cohen’s d = — 0.91, P < 0.05), which is compa-
rable to our results for generalized anxiety disorders [65].
Similar to our findings, e-mental health interventions
were determined to have a significant effect on depres-
sion symptoms (Hedge’s g = 0.30, P < 0.05) based on 17
studies in another meta-analysis [24]. Excessive work-
loads, prolonged overtime hours, competitive coworker
relationships, and the occurrence of patient death have
blurred work-life boundaries and negatively impacted
the psychological well-being of healthcare workers [65].
Additionally, healthcare professionals usually have busy
work schedules and lack time to attend face-to-face psy-
chological sessions. E-mental health interventions pro-
vide a channel for healthcare professionals to focus on
their own psychological health. Specifically, e-mental
health services are characterized by eliminating time and
space constraints to improve accessibility and compliance
[66]. By acquiring relaxation skills and emotional sup-
port, healthcare professionals can alleviate inner discom-
fort and adjust their cognitive thinking, which in turn can
help them communicate well with others and improve
their quality of life [67]. In light of the existing research,
e-mental health interventions can be complementary or
alternatives to face-to-face interventions for healthcare
professionals.

The results also supported the positive effects of
e-mental health interventions for some secondary out-
comes, indicating that the research had good system-
atic consistency. In terms of well-being, the intervention
effect we obtained had an SMD = 0.38 (95% CI 0.01-0.75,
P < 0.05). Phillips et al. reported an effect size on well-
being of Hedge’s ¢ = 0.35 (95% CI 0.25-0.46, P < 0.0001)
based on seven studies [24]. For burnout, a significant
effect of the intervention was observed in reducing emo-
tional exhaustion (SMD = — 0.91, Z = 4.28, P < 0.05),
but no significant effect was observed in reducing dep-
ersonalization and establishing a sense of achievement.
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Table 3 Effectiveness of e-mental health intervention on secondary outcomes among medical staff

Outcomes Number of trials Sample size (%) SMD Overall

95%ClI effect (Z
value)

Burnout 5 686 0 -091 4.28%

Emotional exhaustion [-1.33,—-0.50]

Burnout 5 686 71 -0.16 0.25

depersonalization [-1.38,1.07]

Burnout 5 686 71 0.34 045

personal accomplishment [-1.16,1.85]

Well-being 5 730 83 0.38 201*
[0.01,0.75]

" p<0.05

Another study found that online interventions had mod-
erate-to-large effects on job burnout [68]. These conflict-
ing conclusions may exist because we only considered
burnout as a secondary outcome and only included a
small number of studies.

The subgroup analysis showed that mindfulness medi-
tation techniques had a higher effect size than other psy-
chological techniques, such as CBT. However, this result
should be interpreted with caution, as the sample size of
each subgroup was small, and the heterogeneity was high.
Mindfulness refers to a state of consciousness created by
directing attention to the present goal and indulging in
the moment without distractions or judgment [69]. As a
lifestyle-based intervention, mindfulness is cost-effective
and has no side effects [70]. In addition to stress and
depression, researchers have found that it can also alle-
viate other physiological problems, such as PTSD, pain,
and eating disorders [71]. In the future, other psychologi-
cal interventions, such as acceptance and commitment
therapy, life-review therapy, and dialectical behavior ther-
apy, could be integrated into e-mental health interven-
tions to further explore their effectiveness in improving
psychological health [72]. Our results also indicated that
computer-based online interventions were more effec-
tive than mobile apps. However, the applicability of com-
puter-based interventions may be potentially limited by
the high heterogeneity of the corresponding subgroups,
and medical personnel who attend online courses may
also use their mobile phones to browse health informa-
tion in their daily lives. Our explanatory subgroup analy-
ses verified the advantage of professional support and
group interventions. Previous reviews have revealed that
guided psychotherapy is more effective than unguided
psychotherapy owing to external pressure fostering indi-
vidual accountability and positive reinforcement [73].
Baumeister and colleagues reported that internet-based
mental health interventions (IMlIs) together with thera-
peutic support had a significantly lower dropout rate

(odds ratio = 2.67) and achieved a greater reduction in
symptoms (Hedge’s g = — 0.27, P < 0.05) than IMIs with-
out such support [74]. Some studies have suggested that
group interventions can enhance mutual interaction and
trust, facilitate emotional expression, and thus improve
effectiveness [73]. However, other studies have reported
that group interventions are less effective than individual
delivery due to inadequate attention for each individual
[75]. Therefore, it is necessary to further explore custom-
ized interventions based on the personal characteristics
and job requirements of healthcare personnel to ensure
program effectiveness.

According to the meta-regression, the intervention
duration had a significant slight impact on anxiety symp-
toms (B = 0.027, p = 0.040) but no impact on the relief
of stress and depression symptoms, suggesting that the
design of the program should be based on clinical symp-
toms and that short-term interventions are more cost-
effective [76]. It is also worth noting that this result could
potentially be attributed to chance, as the value of 0.04
is truly at the threshold. From the meta-regression, the
number of people included in the RCTs did not affect
the final outcome. From the subgroup analysis, no sig-
nificant difference was found with different types of
control groups. In the subgroup analysis, no significant
difference was found when comparing non-active control
groups (no treatment, waiting list, treatment-as-usual)
and active control groups (placebos such as general rec-
ommendations about mental health care, or relaxation
sessions) with the intervention groups. Of course, more
research on various intervention forms (e-package, social
media platforms, virtual care, online platforms, online
games) is needed to confirm this.

Strengths and limitations

We performed an extensive and systematic literature
review, including references to related reviews and
RCTs. Then, we further performed subgroup analysis



Zhang et al. Systematic Reviews (2024) 13:144

and meta-regression to identify the relative effect size
of various moderators, which provides guidance for
future research and practical design. Notably, pub-
lication biases were not detected in the studies we
included. Moreover, in addition to using the risk of bias
tool to evaluate the quality of individual trials, we also
used the GRADE criteria to evaluate the overall quality
of evidence.

Several limitations should be considered before inter-
preting the findings. Firstly, the included trials exhib-
ited clinical and statistical heterogeneity, which limited
their comparability. To address this issue, we con-
ducted a subgroup analysis to explore potential sources
of heterogeneity. Moderators that emerged consist-
ently across the four main outcomes—job, interven-
tion technology, intervention approach, and supportive
system—could explain the observed heterogeneity.
Secondly, we found that the overall quality of evidence
was deemed low, primarily due to issues with alloca-
tion concealment, blinding, and missing outcome data.
These issues may have compromised the internal valid-
ity of our findings. Lastly, it is important to note that
the outcomes of this review were primarily based on
self-reported data, which could introduce recall and/or
social desirability bias. Future trials may benefit from
using established diagnostic criteria manuals, such as
the DSM-5 (Diagnostic and Statistical Manual of Men-
tal Disorders) or ICD-10 (International Classification of
Diseases).

Implications for future research and practice

Given that the number of RCTs included was not very
large, our systematic review suggested that more atten-
tion should be given to the psychological health of
healthcare staff. In addition, larger sample size, multi-
center, longitudinal, or follow-up studies are needed.
Considering the low quality of the studies, rigorous RCTs
following the CONSORT statement are recommended
for future trials, especially efforts to minimize selection
bias by performing adequate allocation concealment and
reducing performance bias by blinding participants and
researchers. Addressing emerging issues such as inequal-
ities caused by the digital divide, the potential disclosure
of privacy, and the lack of user trust is necessary. Future
research could consider using objective outcomes such as
biological markers or more sophisticated and intensive
e-mental health approaches [77]. Based on the princi-
ples of user-centered designs and incorporating feedback
from users and providers, e-mental health interventions
also require codesigning and integrating cross-discipli-
nary collaboration among psychology, health science,
and computer professionals [78].
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Conclusion

Mental health interventions were found to significantly
alleviate stress, anxiety, depression symptoms, and
other emotional issues among healthcare profession-
als. Subgroup analyses showed that features includ-
ing mindfulness approaches, online courses, computer
use, group interventions, and professional guidance
are more favorable in the design of services. Meta-
regression showed that the intervention duration, as a
covariate, only had an impact on preventing or reduc-
ing symptoms of anxiety, while the sample size did not
affect any of the three primary symptoms. Our findings
on efficacy outcomes should be interpreted cautiously
due to the high heterogeneity observed in some anal-
yses and the GRADE approach indicating a low qual-
ity of evidence. E-mental health interventions have the
potential to become widely available and evidence-
based interventions to address mental health issues.
Future RCTs should adhere to the recommendations
of the CONSORT statement, as more high-quality tri-
als are warranted to assess the effectiveness of e-mental
health interventions among healthcare professionals.
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