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ABSTRACT

Background: While Internet- and mobile-based interventions (IMls) are potential options to
increase the access to evidence-based therapies for post-traumatic stress disorder (PTSD),
comprehensive knowledge on their working mechanisms is still scarce.

Objective: We aimed to evaluate studies investigating the efficacy and mechanisms of
change in IMIs for adults with PTSD.

Method: In this systematic review and meta-analysis (PROSPERO CRD42019130314), five
databases were consulted to identify relevant studies, complemented by forward (i.e.
citation search) and backward (i.e. review of reference lists from included studies) searches.
Randomized controlled trials (RCTs) investigating the efficacy of IMIs compared to active
controls, as well as component and mediation studies were included. Two independent
reviewers extracted the data and assessed the risk of bias and requirements for process
research. Random-effects meta-analyses on PTSD symptom severity as primary outcome
were conducted and further information was synthesized qualitatively.

Results: In total, 33 RCTs were included (N = 5421). The meta-analysis comparing IMls to
non-bonafide active controls yielded a significant standardized mean difference (SMD) of
—0.36 (95%Cl —0.53 to —0.19) favouring IMIs. Although meta-analytic pooling was not
possible for the component and mediation studies, evidence suggests no differential effects
regarding PTSD symptom reduction between different levels of support and personalization
and between different types of exposure. Moreover, mediation studies revealed significant
intervening variable effects for self-efficacy beliefs, perceived physical impairment, social
acknowledgement, and trauma disclosure.

Conclusions: Results indicate that IMIs for PTSD are superior to active controls. Furthermore,
findings may contribute to the development of new interventions by outlining important
directions for future research (e.g. regarding requirements for process research) and high-
lighting potential mechanisms of change (i.e. self-efficacy, perceived physical impairment,
social acknowledgement, and trauma disclosure).

Mecanismos de cambio en las intervenciones basadas en Internet y -
dispositivos moéviles para el TEPT: una revision sistematica
y metanalisis

Antecedentes: Si bien las intervenciones basadas en Internet y dispositivos moéviles (IMI)
son opciones potenciales para aumentar el acceso a terapias basadas en la evidencia para el
trastorno de estrés postraumatico (TEPT), el conocimiento integral sobre sus mecanismos de
accién aun es limitado.

Objetivo: Nos propusimos evaluar estudios que investigan la eficacia y los mecanismos de
cambio en los IMI para adultos con TEPT.

Método: En esta revision sistemdtica y metandlisis (PROSPERO CRD42019130314), se con-
sultaron cinco bases de datos para identificar estudios relevantes, complementados con
busquedas hacia adelante (es decir, busqueda de citas) y hacia atras (es decir, revisién de
listas de referencias de estudios incluidos). Se incluyeron ensayos controlados aleatorios
(ECA) que investigaban la eficacia de los IMI en comparacién con los controles activos, asi
como los estudios de componentes y mediacion. Dos revisores independientes extrajeron
los datos y evaluaron el riesgo de sesgo y requerimientos para investigacién de proceso. Se
realizaron metanalisis de efectos aleatorios sobre la severidad de los sintomas del TEPT
como resultado primario y se sintetizé cualitativamente informacién adicional.
Resultados: En total, se incluyeron 33 ECA (N = 5421). El metanalisis que comparé los IMI
con los controles activos no fiables produjo una diferencia de medias estandarizada (DME)
significativa de —0,36 (IC del 95%: —0,53 a —0,19) a favour de los IMI. Aunque no fue posible
la agrupacion metaanalitica para los estudios de componentes y mediacion, la evidencia
sugiere que no hay efectos diferenciales con respecto a la reduccién de los sintomas del
TEPT entre diferentes niveles de apoyo y personalizacién y entre diferentes tipos de
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exposicion. Mas aun, los estudios de mediacion revelaron efectos variables significativos,
para las creencias de autoeficacia, la discapacidad fisica percibida, el reconocimiento social
y la revelacién del trauma.

Conclusiones: Los resultados indican que los IMI para el PTSD son superiores a los controles
activos. Mas aun, los hallazgos podrian contribuir al desarrollo de nuevas intervenciones al
delinear direcciones importantes para la investigacién futura (por ejemplo, con relacién a los
requerimientos para la investigacion de procesos) y resaltar los potenciales mecanismos de
cambio (es decir, la autoeficacia, la discapacidad fisica percibida, el reconocimiento social

y la revelacién del trauma).
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Post-traumatic stress disorder (PTSD) is a prevalent
mental disorder associated with significant personal suf-
fering and substantial disease burden worldwide (Bryant,
2019; McMillen, North, Mosley, & Smith, 2002).
Although the evidence-base for effective psychothera-
peutic face-to-face treatments for this condition is well-
established (Cusack et al, 2016), only a fraction of
affected patients receive evidence-based treatments
(Finch, Ford, Grainger, & Meiser-Stedman, 2020).
Reasons for this include fear of stigmatization, geogra-
phical barriers, and a shortage of mental healthcare pro-
viders (Bryant, 2019; Finch et al, 2020). Using the
Internet as a medium for the delivery of psychological
interventions may help to overcome these barriers
(Andersson & Titov, 2014).

Internet- and mobile-based interventions (IMIs)
have been found to be efficacious both for mental
disorders in general (Carlbring, Andersson, Cuijpers,
Riper, & Hedman-Lagerlof, 2018; Domhardt, Steubl,
et al., 2018; Domhardt, Gefllein, von Rezori, &
Baumeister, 2019) and PTSD in particular (Kuester,
Niemeyer, & Knaevelsrud, 2016; Sijbrandij, Kunovski,
& Cuijpers, 2016; Simblett, Birch, Matcham, Yaguez,
& Morris, 2017). Furthermore, these technology-
delivered interventions may be easy to access and
offer patients the opportunity to flexibly integrate
psychological treatments with their daily lives
(Dombhardt, Ebert, & Baumeister, 2018; Domhardt,
Steubl, & Baumeister, 2018). Providing geographically
barrier-free mental healthcare to underserved post-
conflict areas as well as to low- and middle-income
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countries may be particularly relevant in case of
PTSD as exposure to potentially traumatic events is
a rather common phenomenon in these countries,
and only a small number of their citizens with
PTSD have access to treatment (Barbui & Tansella,
2013; Wagner, Schulz, & Knaevelsrud, 2012).
Moreover, IMIs have been found to be scalable and
cost-effective (Andersson & Titov, 2014; Domhardt
et al,, 2019). Users of IMIs frequently list anonymity,
privacy, and confidentiality among the reasons why
they prefer to use the Internet for mental health
support (Horgan & Sweeney, 2010). However, aside
from these presumed advantages, possible risks con-
cerning these interventions (e.g. non-detected nega-
tive outcomes, unclear crisis management in case of
anonymous users) should be carefully investigated, as
this knowledge is largely pending (Andersson &
Titov, 2014).

Gaining a better insight on how and whereby these
interventions work is especially important to inform
mental healthcare practices and intervention develop-
ment, which strive to enhance augmented outcomes
and intervention safety (Dombhardt et al., 2019). For
this purpose, knowledge on the mechanisms of change
(i.e. the processes or events that are causally responsible
for treatment change) can be obtained by three research
approaches: 1) evaluating the efficacy against different
active comparison conditions, 2) assessing the effects of
single intervention components, and 3) identifying
mediators. Additionally, a closer investigation of adher-
ence rates may complement these approaches.



First, IMIs can be compared with either active or
inactive control conditions, to test their general efficacy
as a fundamental prerequisite for process research
(Kazdin, 2007). However, studies with inactive control
conditions yield limited conclusions on the relationship
of treatment effects associated with specific components
(Karlsson & Bergmark, 2015). Therefore, this systema-
tic review and meta-analysis focuses on studies with
active control conditions to underline the role and
importance of effective intervention components (i.e.
specific factors) in IMIs. Subsequently, active controls
can be further distinguished as bonafide (i.e. treatments
that were intended to be therapeutic; Wampold et al.,
1997) and non-bonafide (i.e. non-therapeutic condi-
tions, e.g. attention/psychological placebos) control
conditions. The former condition additionally allows
for the crucial investigation of the non-inferiority of
the IMIs as compared with other (established evidence-
based) interventions.

Second, component studies enable the determination
of active components (e.g. human support, exposure)
and the assessment of the incremental (add-on) effects
of specific components (Bell, Marcus, & Goodlad, 2013).
Component studies consist of trial designs that compare
the full-treatment package with the same intervention, in
which either one of the specific components is left out
(i.e. dismantling studies) or added (i.e. additive design
studies). To date, there is only evidence for the effect-
contributing role of guidance in IMIs, while evidence for
the incremental effects of other components is still absent
(Dombhardt et al., 2019; Sijbrandjj et al., 2016). Thus, it is
of great clinical significance to gain further insight into
other components to facilitate the development of
empirically-supported, efficient, and cost-efficient
interventions.

Third, the mechanisms of change can be further eval-
uated by mediator analyses (e.g. change in cognitions;
Kazdin, 2007). In line with previous research (Cuijpers,
Reijnders, & Huibers, 2019; Domhardt et al., 2021),
mediators are conceptualized as intervening variables
that may statistically account for the relationship
between the independent variable and the outcome.
Thereby, it is necessary to perform a well-established
mediation analysis with quantitative evaluations of the
changes. A recent systematic review investigating the
mechanisms of change in face-to-face psychological
interventions for PTSD found evidence that improve-
ments in maladaptive trauma-related beliefs and apprai-
sals are core mechanisms of change (Kangaslampi &
Peltonen, 2019). The authors found the strongest evi-
dence for this mechanism in well-established and evi-
dence-based cognitive behavioural therapy (CBT)
interventions (i.e. cognitive processing therapy, trauma-
focused CBT, prolonged exposure). Additionally, the
results show preliminary evidence for increases in mind-
fulness as a mechanism of change in mindfulness and
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spiritually oriented interventions. Given the results of
this review and the heterogeneity of IMIs for PTSD
(e.g. executive functioning training, expressive writing,
self-efficacy training), there may be a broad range of
possible mechanisms of change in IMIs for PTSD (e.g.
improvements in maladaptive cognitions, attention pro-
cesses, coping strategies and emotion regulation, self-
efficacy, social acknowledgement, trauma-disclosure,
traumatic memory, mindfulness), warranting an
explorative approach in the current study.

Besides these three approaches that focus on
symptom severity as the central outcome, adherence
can be regarded as another important approach con-
sidering the high dropout rates in IMIs for PTSD (e.g.
51.2% post-intervention; Cieslak et al., 2016). As
dropout is considered a crucial problem in IMIs
(Steele, Mummery, & Dwyer, 2007), this systematic
review will also concentrate on dropout rates to
inform future intervention development by gathering
knowledge on components contributing to increased
adherence rates.

To our knowledge, three meta-analyses (Kuester
et al., 2016; Sijbrandij et al., 2016; Simblett et al.,
2017) have assessed Internet-based interventions for
PTSD so far and found evidence for their efficacy.
However, they did not distinguish between bonafide
and non-bonafide active controls and no systematic
review on IMIs for PTSD has examined the compo-
nents in additive or dismantling design studies up to
this point. Previous meta-analyses provided mainly
indirect results suggesting potentially larger effect
sizes of IMIs with therapeutic support compared to
those without (Sijbrandij et al., 2016). Besides, they
reported no evidence for other relevant active com-
ponents (Kuester et al., 2016; Simblett et al., 2017)
and included predominantly passive control condi-
tions. The same applies to mediators that have
neither been systematically reviewed nor meta-
analytically integrated so far. Moreover, mobile-
based applications were excluded in two of the pre-
vious studies (Kuester et al., 2016; Sijbrandij et al.,
2016).

Thus, this review and meta-analysis aims to com-
plement and extend the current evidence-base by
adhering to the following research questions:

(1) Are IMIs for PTSD efficacious in reducing

PTSD symptom severity?

a. Are IMIs for PTSD equally efficacious
when compared to bonafide control condi-
tions/interventions?

b. Are IMIs for PTSD more efficacious than
non-bonafide active control conditions?

(2) Which components are responsible for the

efficacy of IMIs for PTSD?

(3) What potential mediators have been examined

so far in IMIs for PTSD?
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1. Method
1.1. Registration

This review and meta-analysis is registered with
PROSPERO (CRD42019130314) and is reported
according to the PRISMA guidelines (Liberati et al.,
2009). Further detailed information can be found in
the study protocol (Steubl, Sachser, Baumeister, &
Dombhardt, 2019).

1.2. Search strategy and selection criteria

We conducted systematic searches as detailed in the study
protocol comprising four different steps (Steubl et al,
2019). The predefined sets of search strings specific for
each database are outlined in Supplementary Tables A.1
and A2. The electronic database search conducted on
8 November 2020 yielded 7093 records. One additional
record was identified through backward searches. After
removing duplicates, we screened the remaining 4653 titles
and abstracts and included 128 articles into our full-text
screening, resulting in 33 studies meeting our eligibility
criteria (Supplemental material G). In detail, 27 studies
were included for assessing efficacy compared to active
control conditions, five for assessing components, and
three for assessing mediators. One study (Cieslak et al.,
2016) was included for both the evaluation of efficacy and
mediators, and one (Niles et al., 2020) for both the evalua-
tion of efficacy and components. The ICTRP and Web of
Science search yielded no additional included studies. The
corresponding flow chart is presented in Figure 1.

Studies were eligible for inclusion, if (a) they focused on
an adult target population (=18 years), (b) they included
participants with PTSD or subthreshold PTSD measured by
a standardized, clinician-administered instrument or
a validated self-report measure of PTSD symptoms, and
(c) at least one of their trial arms investigated an IMI for
PTSD. In this respect, IMIs are defined as psychological/
psychotherapeutic interventions delivered via Internet- and
mobile-based communication technologies (Barak, Klein, &
Proudfoot, 2009). Additionally, studies had to be written in
English or German and either be published in a peer-
reviewed journal or classified as an ongoing trial in ICTRP
with already available results.

To investigate the efficacy of IMIs for PTSD and
active components, only randomized controlled trials
(RCTs) were included (Higgins & Green, 2011). To
study potential mediator variables, secondary analyses
of previous RCTs were eligible as well. These trials had
to include repeated measures (i.e. longitudinal) of med-
iators and outcomes, and either deploy well-established
mediation analyses (Baron & Kenny, 1986) or include
a quantitative assessment of changes in the examined
psychological mediators. Possible mediators had to be
measured by validated psychometric instruments.

Eligible comparisons differed by each research ques-
tion. First, to investigate the efficacy of IMIs for PTSD,
studies must have included an active (e.g. IMI, face-to-face,
treatment-as-usual (TAU), or placebo) control group.
Moreover, to be classified as bonafide (Wampold et al.,
1997) the treatment for the control group had to aim at
reducing symptom severity (i.e. non-inferiority trials). If
the authors postulated the ineffectiveness of the control
group, it was classified as non-bonafide. In case the authors
did not specify their hypotheses on the efficacy of the
comparison group clearly, the allocation was decided
depending on existing empirical evidence for the efficacy
of the control treatment documented in other studies.
Second, to investigate components, eligible trials must
have been classified as additive or dismantling design
studies. Third, to investigate mediators, studies were eligi-
ble for inclusion if they compared an IMI group with either
an active or non-active (e.g. wait-list or no intervention)
control group. TAU comparison conditions were classified
as active control groups following the recommendations of
Burns (2009).

To assess participants’ engagement with the online
intervention, adherence was operationalized as (a) the
mean number of main intervention units completed
(e.g. modules), (b) the percentage of participants that
completed the whole treatment, and (c) dropout rates
at post-treatment.

To evaluate post-intervention symptom reduction,
separate analyses for different periods of assessment
were performed: (a) short-term (1-3 months after
post-treatment), (b) medium-term (>3 < 12 months
after post-treatment), and (c) long-term (>12 months
after post-treatment) effects.

1.3. Data analysis

Missing standard deviations were computed using the
standard deviations per group and Cohen’s (1988) alter-
native formula for calculating a pooled standard devia-
tion, which contains the individual group sample sizes.
Further study-specific details relevant for data-analyses
are outlined in Supplemental Material C.

In general, if outcomes were assessed by several
instruments (a) the primary outcome instrument of
the study was prioritized and (b) in case of multiple
outcome instruments of the same hierarchical level,
the outcome instrument most often used across all
included studies was chosen for the meta-analysis.

In order to evaluate the quality of included studies,
pairs of two independent reviewers (LS, CD, AS, CR)
assessed the risk of bias wusing the Cochrane
Collaboration’s tool for assessing risk of bias in RCT's
(Higgins et al,, 2011). Accordingly, each study was rated
(i.e. “low’, ‘high’, or ‘unclear’ risk of bias) on the following
domains: (a) random sequence generation, (b) allocation
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Figure 1. Flow chart.

concealment, (c) blinding of participants and personnel,
(d) blinding of outcome assessment, (e) incomplete out-
come data, and (f) other bias (e.g. deviations from the
study protocol). It is important to note that the third
domain of blinding of participants and personnel is

often not feasible in (guided) IMIs. To prevent
a distorted rating, this domain was rated as ‘unclear” in
case of missing blinding in guided interventions. The
inter-rater reliability was calculated by means of
Cohen’s Kappa. A value between 0.60 and 0.80 was
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considered as substantial and a value >0.80 as (almost)
perfect (Landis & Koch, 1977). Additionally, in order to
assess the aptitude of included studies to detect mechan-
isms of change and to approach causality, we rated med-
iation studies qualitatively as predefined in the study
protocol (Steubl et al., 2019), employing the criteria ori-
ginally proposed by Kazdin (2007), which were adapted
to psychotherapy research by Lemmens, Miiller, Arntz,
and Huibers (2016). Additionally, in the context of psy-
chotherapy process research it is beneficial that assessed
mediators are deduced theoretically and nested within
a plausible theoretical framework (Kazdin, 2007;
Kraemer, Wilson, Fairburn, & Agras, 2002). Thus, the
derivation of the theoretical background was rated as
a seventh criterion in line with Domhardt et al. (2021).

Meta-analytic pooling was performed using the
Review Manager 5.3 software (The Cochrane
Collaboration, 2014). Additional statistical analyses
were computed employing R (R Core Team, 2017).
Standardized Mean Differences (SMDs) and their
95% confidence intervals (CI) were calculated. As
Hedges’ g is less biased than Cohen’s d in small
samples (Borenstein, Hedges, Higgins, & Rothstein,
2009), SMDs are presented as values of the former
measure.

Due to the amount of missing standard deviations
and the recommendation to use imputation methods
sparingly (Higgins & Green, 2011), post-test data was
employed even though some trials in this meta-
analysis reported differences in baseline values (de
Kleine et al., 2019; Krupnick et al., 2017) or did not
test for differences (Clausen et al., 2019; Kahn,
Collinge, & Soltysik, 2016). Meta-regression was
used to test the influence of excluding baseline data.

Statistical heterogeneity was evaluated with the I2-
and Cochran’s Q-Statistics (Higgins & Green, 2011).
Forest plots were created and used to visually inves-
tigate the presence and nature of heterogeneity. To
examine possible publication bias, the trim and fill
procedure (Duval & Tweedie, 2000), Egger’s test of
funnel plot asymmetry (Egger, Smith, et al., 1997),
and visual inspection of funnel plots were utilized.

For further comparisons of intervention and study
characteristics (concerning e.g. control conditions,
target population), subgroup analyses were per-
formed when feasible. Sensitivity analyses were con-
ducted to test the robustness of the results by
comparing the pooled SMD of the different times of
outcome assessment, and to examine the effect of
including studies at high risk of bias. In case
a quantitative synthesis was not appropriate, results
are summarized qualitatively.

The strength of the body of included evidence was
assessed using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
approach (Guyatt et al., 2008), summarizing the follow-
ing five factors: (a) limitations of the studies’ design or

execution, (b) consistency of results, (c) directness of
evidence, (d) precision of results, and (e) publication
bias. The GRADE system classifies the quality of evi-
dence in four levels ranging from ‘very low’ and Tow’
to ‘moderate’ and ‘high’ and the overall quality is down-
graded by one level, if one of the factors is not met.

2. Results
2.1. Study characteristics

A detailed overview of the study characteristics is out-
lined in Supplementary Tables B.1-B.3. The majority of
the included studies (k = 30; 90.9%) were conducted in
western countries and assessed an Internet-based inter-
vention (k = 27; 81.8%). One study evaluated a combined
intervention which included Internet- and mobile-based
components (Kahn et al,, 2016). Most of the included
studies evaluated interventions that adhered to the prin-
ciples of CBT (k = 12; 36.4%), followed by interventions
that were based on cognitive training (e.g. neurocognitive
training; k = 8; 24.2%), therapeutic writing (k = 6; 18.2%),
and self-efficacy (k = 2; 6.1%). The number of interven-
tion modules ranged from 3 to 60 (M = 12.85;
SD = 14.89) and their intervention duration from 0.5 to
24.0 weeks (M = 7.40; SD = 5.75).

In total, N = 5421 participants (female: 51.7%) were
included in primary studies with a mean sample size of
n =164 (SD = 268.0). The number of participants ranged
from n = 20 to 1292 per study. The mean age of partici-
pants ranged from 22.0 to 52.7 (M = 38.18; SD = 6.97)
years. Recruitment via healthcare providers was the most
frequently reported setting (k = 13; 39.4%), followed by
(online) advertisements (k = 12; 36.4%) and organiza-
tions related to the institution conducting the study
(k = 4; 12.1%). The majority of studies (k = 19; 57.6%)
were published within the past five years and 45.5% of
the studies involved veterans (k = 15).

The most frequently used measurement for PTSD
severity was a version of the PTSD Checklist (PCL;
k = 16; 48.5%) followed by the revised version of the
Impact of Events Scale (IES-R; k = 5; 15.2%) and the
Clinician Administered PTSD Scale (CAPS; k = 5;
15.2%). In sum, the majority of studies (k = 28; 84.8%)
deployed only self-report measurements. Dropout rates
varied from 1.0% to 51.2% (M = 22.13%; SD = 13.74%).
Other adherence rates were reported heterogeneously,
impeding an overall summary except for dropout rates.
However, extracted information are detailed in
Supplementary Tables B.1-B.3.

2.2. Risk of bias assessment

In total, 22 studies (66.7%) had at least one domain
rated with ‘high’ with risk of performance bias (i.e.
flawed blinding of participants and personnel) being
the most common. Results of the risk of bias



assessments of the included primary studies are sum-
marized in Figure 2. Individual ratings for each study
are presented in Supplementary Figure D. The inter-
rater reliability showed almost perfect agreement
(Cohen’s kappa = 0.91).

2.3. Efficacy studies

A total of 27 eligible efficacy studies were identified. The
majority of these studies implemented TAU (e.g. routine
psychiatric clinical care, coordinated services provided
by multidisciplinary teams; k = 7; 25.9%), placebo train-
ing (k = 8; 29.6%), or control writing (i.e. neutral writing
tasks; k = 5; 18.5%) as control conditions.

2.3.1. Efficacy compared to bonafide controls
Two studies (Eisma et al,, 2015; Littleton, Grills,
Kline, Schoemann, & Dodd, 2016) were classified as
investigating bonafide active controls. Littleton et al.
(2016) compared a self-help website with a therapist-
facilitated program and found evidence for differ-
ences depending on symptom severity. It was
observed that less affected participants benefited
most from self-help offers, while the therapist-
facilitated interactive program was more suitable for
participants ~ with  higher symptom severity.
The second study (Eisma et al,, 2015) classified as
a trial with a bonafide control condition compared
Internet-delivered exposure with Internet-delivered
behavioural activation. The results showed no signif-
icant differences in PTSD symptom reduction
between the two groups. Meta-analytic pooling was
not feasible due to the limited number of studies.

2.3.2. Efficacy compared to non-bonafide active
controls

The majority of studies investigating efficacy deployed non-
bonafide comparison conditions (k = 25, 92.6%).

Opverall efficacy A total of 21 studies reported results
on between-group differences in symptom severity at
post-intervention. The SMDs ranged from -2.32 to
0.69, resulting in a significant pooled SMD of -0.36
(95%CI —0.53 to —0.19), favouring IMIs when compared
to non-bonafide active controls (Figure 3). Statistical
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heterogeneity was substantial. Based on the GRADE
approach, we downgraded the level of evidence two
levels, from high to low, to account for the limitations
of the included studies (i.e. risk of bias) and heterogeneity
in the results.

Publication bias In line with the visual inspec-
tion of the funnel plot, the regression test for
funnel plot asymmetry indicated no significant
asymmetry (t(23) = —1.37, p = 0.159). The resulting
contour-enhanced funnel plot presented in
Supplementary Figure F also suggests no missing
studies. The trim and fill method estimated two
missing studies (SMD of -0.24, 95%CI -0.43
to —0.06).

Further analyses To test the influence of baseline
differences, baseline between-group effects were
included as a predictor. Results indicate that they were
not significantly associated with the post-test effect sizes
(p = 0.419). Both short- (SMD of -0.39, 95%CI —0.67 to
—0.10) and medium-term (SMD of —0.20, 95%CI —0.38
to —0.01) follow-up results yielded a pooled SMD sig-
nificantly favouring IMIs. There were no results avail-
able for long-term outcomes. Results remained
comparable (SMD of —0.36, 95%CI —0.55 to —0.17) in
a sensitivity analysis, excluding the trial by Sayer et al.
(2015), for which means and standard deviations were
only estimated based on medians and interquartile
ranges. Additionally, a sensitivity analysis was also per-
formed with the apparent outlier Beatty, Koczwara, and
Wade (2016), resulting in a pooled SMD of -0.29
(95%CI —0.43 to —0.14). Excluding studies with (possi-
ble) between-group differences for symptom severity at
baseline (Clausen et al., 2019; de Kleine et al., 2019;
Kahn et al., 2016; Krupnick et al., 2017) resulted in
a pooled SMD of -0.29 (95%CI —0.48 to —0.11), favour-
ing IMIs (Supplementary Figures E.1 and E.2).

When considering different control conditions,
pooled SMDs reached significance exclusively for TAU
comparisons and the subgroup of CBT interventions was
the only one with significant pooled effects when distin-
guishing between therapeutic backgrounds. Both sub-
groups, the self-report measurements only and the
clinician-administered measurements only, reached sig-
nificant pooled effects favouring IMIs. The same applies

Random sequence generation (selection bias

Allocation concealment (selection bias

Blinding of outcome assessment (detection bias

Incomplete outcome data (attrition bias

)
)
Blinding of participants and personnel (performance bias)
)
)
)

Selective reporting (reporting bias

Other bias

% 25% 50% 75%  100%

oT

‘ [ Low risk of bias [Junclearrisk of bias [ High risk of bias

Figure 2. Risk of bias graph.
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Std. Mean Difference

Std. Mean Difference

Study or Subgroup _ Std. Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Acosta 2017 009 0039 7.4% -0.09 [-0.17,-0.01]

Beatty 2016 -2.3187 0.3386  3.5% -2.32[-2.98, -1.66] =

Cieslak 2016 0.0799 0.1545  6.1% 0.08 [-0.22, 0.38] T
Clausen 2019 -0.3205 0.6824  1.3% -0.32[-1.66, 1.02] ——
Darvish 2019 -0.968 02611  4.5% -0.97 [-1.48, -0.46] =

de Kleine 2019 -0.8304 0.2025  5.3% -0.83 [-1.23, -0.43] -
Elbogen 2019 -0.1883 0.1894  5.5% -0.19 [-0.56, 0.18] =
Engel 2015 0.1303 0.2245  5.0% 0.13[-0.31, 0.57] &
Hirai 2012 -0.0234 0.1479  6.2% -0.02 [-0.31, 0.27] T
Ivarsson 2014 -1.0524 0.2721  4.3% -1.05 [-1.59, -0.52] =
Kahn 2016 -0.5332 0.161  6.0% -0.53 [-0.85, -0.22] =
Krupnick 2017 -0.9194 0.3635  3.2% -0.92 [-1.63, -0.21] i
Larsen 2019 0.2206 0.3747  3.1% 0.22 [-0.51, 0.95] .
Litz 2007 0.0941 0299  4.0% 0.09 [-0.49, 0.68] -
Marsac 2013 -0.1004 0.2001  5.4% -0.10 [-0.49, 0.29] T
Mouthaan 2013 -0.3831 0.1165  6.6% -0.38 [-0.61, -0.15] b
Possemato 2010 -0.4043 0.2929  4.0% -0.40 [-0.98, 0.17] =5
Sayer 2015 -0.4379 0.0635 7.2% -0.44 [-0.56, -0.31] ¥
Schoorl 2013 -0.2341 01991  5.4% -0.23[-0.62, 0.16] =
Steinmetz 2012 -0.2862 0.3308  3.6% -0.29 [-0.93, 0.36] i
Stockton 2014 0.6941 0.4283  2.6% 0.69 [-0.15, 1.53] e
Total (95% CI) 100.0%  -0.36 [-0.53, -0.19] [
Heterogeneity: Tau? = 0.10; Chi? = 113.14, df = 20 (P < 0.00001); I2 = 82% ¢ '5 G t J

Test for overall effect: Z = 4.15 (P < 0.0001)

Figure 3. Forest Plot for overall efficacy IMI vs. Active control.

Table 1. Subgroup and sensitivity analyses.

-10 10

5
Favours [experimental] Favours [control]

Subgroup No. of included studies Pooled SMD? 95%Cl 12 Q (df, p)
Control conditions

IMI vs. TAU 7 —-0.27* -0.51, -0.02 74%  22.82* (6, <0.001)

IMI vs. Control writing 4 -0.16 -0.53,0.21  76% 6.71% (3, 0.082)

IMI vs. Psychoeducation 4 -0.82 -2.21,057 95%  41.55* (2, <0.001)
Therapeutic backgrounds

IMI (CBT only) vs. Control 6 —0.54* -0.98,0.10 92%  60.62* (5, <0.001)

IMI (writing only) vs. Control 5 —0.26 -0.61,0.08 74% 15.11* (4, 0.004)

IMI (training only) vs. Control 5 -0.32 -0.67, 0.03 56% 9.02 (4, 0.06)
Type of symptom severity rating

IMI vs. Control (self-report measurements only) 17 —0.38* -0.58, —0.18 86% 111.24* (16, <0.001)

IMI vs. Control (clinician-administered measurements only) 4 -0.31* -0.48, —-0.14 0%" 0.95 (3, 0.813)
Adherence

IMI vs. Control (low dropout only©) 12 —0.55* —-0.84, -0.26 83% 64.67* (11, <0.001)
Population

IMI vs. Control (veterans only) 9 -0.27* -0.51, —0.03 68% 25.29* (8, 0.001)
Sensitivity analyses

IMI vs. Control (studies with high risk of bias excluded®) 20 -0.37* —-0.55, -0.22 83% 112.71* (19, <0.001)

IMI vs. Control (short-term follow-up results®) 10 -0.39* -0.67, —0.10 78%  40.48* (9, <0.001)

IMI vs. Control (medium-term follow-up results’) 6 —0.20* -0.38, -0.01 57% 11.57* (5, 0.04)

*Significant SMDs are marked with an asterisk. ®Negative values characterize effect sizes favouring the intervention group. "95%Cl 0.0 to 51.8%. Studies
with low dropout are defined as <20% dropout post-randomization. 9Studies with high risk of bias are defined as having three or more domains rated
with ‘high’. Short-term is defined as up to 3 months or 12 weeks post-randomization. *Medium-term is defined as >3 months (or 12 weeks) and

<1 year (or 52 weeks) post-randomization.

to the SMDs when including only low dropout studies
and only studies with a veteran population. Excluding
studies with high risk of bias also resulted in a significant
pooled effect. Pooled SMDs for subgroup and sensitivity
analyses can be found in Table 1. The corresponding
forest plots are detailed in Supplementary Figures
E.3-E.15.

2.4. Component studies

Five relevant component studies were identified. Three of
these were additive and dismantling studies (60.0%),
which assessed types of support — namely peer support
(Possemato et al., 2019), clinician-administered guidance
(Possemato et al., 2016), and daily text messages directing
the usage of the mobile phone apps (Roy et al., 2017).
None of these studies found significant differences
between the conditions, even though Possemato et al.

(2016) stated that their results still suggest an improve-
ment of outcomes when adding support. Niles et al.
(2020) tested two versions of an Attention-Bias
Modification mobile app for PTSD. There were no differ-
ences between the personalized and the non-personalized
version (Niles et al., 2020). Spence et al. (2014) evaluated
exposure and also reported no significant differences in
symptom reduction. All of the three studies focusing on
support involved veterans, whereas Niles et al. (2020) and
Spence et al. (2014) included individuals who self-
identified as having PTSD. Due to the limited amount
of studies, meta-analytic pooling was not feasible.

2.5. Mediation studies

Three relevant mediation studies investigating differ-
ent populations were identified. Cieslak et al. (2016)
assessed health and human service professionals, who



have been indirectly exposed to a traumatic event at
work. Stevens, Holmgreen, Walt, Gengler, and
Hobfoll (2017) recruited veterans. Xu et al. (2016)
included individuals who have experienced any trau-
matic event. On the whole, the studies evaluated four
different potential mediators: self-efficacy beliefs
(Cieslak et al., 2016), perceived physical impairment
(Stevens et al., 2017), social acknowledgement (i.e.
patients’ experience of positive reactions from other
individuals or society that acknowledge the traumatic
experience), and disclosure of trauma (Xu et al,
2016). The included studies used various statistical
methods and tools for the mediation analyses, namely
PROCESS, Model 4, with bootstrapping (Cieslak
et al., 2016; Hayes, 2013), multiple models in Mplus
Version 5.2 (Muthén & Muthén, 1998-2017; Stevens
et al, 2017), and Preacher and Hayes’ approach
(2004; Xu et al., 2016).

Table 2 indicates the extent to which the RCTs meet
the requirement for process research as outlined in the
methods section and the study protocol (Steubl et al.,
2019). The inter-rater reliabilities yielded perfect agree-
ment (Cohen’s kappa = 1.00). All of the potential med-
iators reached significance. Given the limited number of
eligible studies, meta-analytic pooling was methodologi-
cally and conceptually not meaningful.

3. Discussion

This systematic review and meta-analysis complements
and extends previous research by summarizing, synthe-
sizing, and reviewing the literature on IMIs for PTSD. It
goes beyond previous reviews (Kuester et al., 2016;
Sijbrandij et al., 2016; Simblett et al., 2017), as it is the
first meta-analysis distinguishing between bonafide and
non-bonafide controls and examining mediators and
components in additive or dismantling studies. An addi-
tional strength of this study lies in the integration of
mobile-based interventions.

Results addressing the first research question pro-
vide additional evidence for the efficacy of IMIs for
PTSD across different types of outcome measure-
ments in different populations. These results are con-
sistent with the findings of previous meta-analyses
(Kuester et al., 2016; Sijbrandij et al., 2016; Simblett
et al., 2017) and further expand on these findings by
including only active non-bonafide control groups.
Additionally, when pooling the studies with low
dropout rates, an increase in the effect size was
observed. Even though more detailed analyses were
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not possible due to the heterogeneity in the reporting
of the data, this fact points towards the importance of
adherence to therapy in IMI studies. Furthermore,
evidence on the comparison of IMIs with bonafide
control conditions turned out to be limited, with only
two studies falling into this category. Hence, no firm
conclusion can be drawn in this regard.

Similarly, the current evidence-base in regard to inter-
vention components proved to be weak, with only five
eligible studies precluding meta-analytic pooling.
Hereby, human support could have been expected to
serve as a vital intervention component considering the
fact that traumatic events of interpersonal nature are
a risk factor for the development of PTSD. Therefore,
corrective interpersonal experiences may be also of spe-
cial significance in IMIs for PTSD (Brewin, Andrews, &
Valentine, 2000). Nevertheless, the previously proposed
importance of therapeutic guidance (e.g. Baumeister,
Reichler, Munzinger, & Lin, 2014; Domhardt et al,
2019) could not be replicated in the present study.
Likewise, engagement in exposure exercises did not
yield a significant difference (Eisma et al., 2015). This is
a finding that stands in sharp contrast to previous results
that emphasize the overall importance of exposure in
PTSD treatment (Rothbaum & Schwarz, 2002).
However, it is also worth noting that the study shows
limited power to detect significant differences at all
(Eisma et al., 2015). Additional possible active compo-
nents (e.g. opportunity to talk about the traumatic
experience, psychoeducation, teaching of coping skills)
that have previously been associated with the success of
face-to-face treatments for PTSD (Wampold et al., 2010)
have not been assessed in the included studies. Even
though this is the first systematic review on intervention
components in IMIs for PTSD, the results align with
previous meta-analytic reviews on dismantling/additive
studies in regard to components in IMIs for anxiety
disorders (Domhardt et al., 2019) and in face-to-face
psychotherapies (Bell et al., 2013; Cuijpers, Cristea,
Karyotaki, Reijnders, & Hollon, 2017). None of these
studies found significant pooled effects for other compo-
nents aside from guidance (Dombhardt et al, 2019).
However, Bell et al. (2013) found small but significant
effects for adding single components to psychotherapeu-
tic interventions, without disclosing which specific com-
ponents contributed to the increased efficacy across
different populations and disorders. Furthermore,
Cuijpers et al. (2017) concluded that existing component
studies on depression did not have the required statistical
power and methodological quality to gain insights on

Table 2. Extent to which mediation studies meet requirements for process research.

Author(s) (Year) RCT  Control Theoretical background n = 40 per group Multiple mediators ~ Temporality® Manipulation
Cieslak et al. (2016) Yes Yes Yes Yes No No No
Stevens et al. (2017) Yes Yes Yes Yes No No No
Xu et al. (2016) Yes Yes Yes Yes Yes No No

*Temporality is defined as >2 assessments during the treatment phase (including pre- and post-treatment assessment).
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active components, calling for high quality research to
disentangle the active ingredients of psychotherapeutic
interventions for common mental disorders (Furukawa
et al., 2018).

Although mediation studies are of high importance to
detect mechanisms of change and may contribute to evi-
dence-based intervention development leading to
improved treatments (Domhardt et al., 2021), they are
limited in number. With only three eligible RCTs, the
intended two-stage structural equation modelling
(TSSEM) approach (Cheung, 2015; Cheung & Chan,
2009) was not feasible. However, evidence from individual
studies point towards the potential mediating roles of both
cognitive and emotional processes such as self-efficacy
beliefs, changes in perceived physical health impairment,
social acknowledgement, and disclosure of trauma.
Especially social acknowledgement and disclosure of
trauma may be associated with the human support com-
ponent, as both of them relate to social and interpersonal
processes. Other proposed mediators in the context of
PTSD treatment (e.g. hopelessness, habituation;
Gallagher & Resick, 2012) were not assessed in the
included studies. The methodological assessment of the
requirements for process research (Domhardt et al., 2021;
Kazdin, 2007; Lemmens et al., 2016) revealed substantial
shortcomings in mediation studies, especially in regard to
the assessment of multiple mediators, the consideration of
temporality, and the experimental manipulation of the
mediator variable itself. Yet, it is crucial to assess more
than one mediator (i.e. to depict interactions between
different processes and test competing hypotheses of rival-
ling mechanisms), establish the essential timeline (i.e. to
ensure that changes in the mediator variable occurred
before changes in the outcome, thereby pointing to caus-
ality) and employ an experimental approach (i.e. to elim-
inate alternative explanations for the mediator-outcome-
relation; Kazdin & Nock, 2003; Lemmens et al., 2016).
However, all of the included studies met the criteria of
classification as RCTs, employing a control group, includ-
ing a theoretical background, and using an appropriate
sample size (i.e. n = 40 per group).

3.1. Limitations of the current study

There are several limitations that should be considered
when interpreting the findings of this systematic review
and meta-analysis which mirror the GRADE rating ‘low’.
The first important limitation results from the broad
inclusion of different samples (e.g. type of trauma) and
interventions (e.g. number of modules, duration of treat-
ment, theoretical background), giving rise to clinical,
methodological and (in large part substantial) statistical
heterogeneity between the included studies, which limits
the generalizability of findings. Likewise, previous meta-
analyses on IMIs for PTSD have reported relatively high
heterogeneity while suggesting different reasons for this

(e.g. variety of employed therapeutic techniques, level of
guidance; Simblett et al., 2017). The second important
limitation is that the included studies reported high attri-
tion rates, which is a frequently observed problem in
IMIs, especially in unguided interventions (Domhardt,
Ebert, et al., 2018; Karyotaki et al., 2015). Even though
appropriate statistical methods were used to account for
missing data in primary studies and studies with low
dropout were pooled separately, the risk of attrition bias
may be relevant in some instances. Thirdly, as the current
systematic review and meta-analysis already provides an
extensive overview and integration of existing literature
on IMIs for PTSD, only between-group comparisons
were considered. Future studies could extend to within-
group comparisons (e.g. Assink & Wibbelink, 2016) in
order to reduce heterogeneity. Fourthly, publication bias
represents a stable problem in meta-analyses (Dickersin,
1990). Although we aimed to identify unpublished stu-
dies and assessed publication bias, all studies identified as
eligible for inclusion were written in English. This could
restrict the generalizability of results. Moreover, as trials
with statistically significant results have been shown to be
more likely to be published in English (Egger, Zellweger-
Ziahner, et al., 1997), effects may have been overestimated
(Morrison et al., 2012). The fifth limitation is that both of
the quality assessments (i.e. risk of bias and requirements
for process research) unveiled important deficits or
unclear reporting in the included studies, which may
limit the validity of the results. Sixth, the sample of
participants included in primary studies may not ade-
quately represent the population affected by PTSD (i.e.
overrepresentation of veterans). Seventh, in order to
reduce methodological heterogeneity only RCTs with
active control groups were included in this review.
However, relevant evidence on mechanisms of change
may be also found in studies with other designs (e.g.
experimental design studies, mobile and passive sensing,
computational psychiatry, neurobiological research para-
digms; Dombhardt, Cuijpers, Ebert, & Baumeister,
accepted). For example, results of an uncontrolled labora-
tory investigation of Benight, Shoji, Yeager, Weisman,
and Boult (2018) indicate that changes in trauma coping
self-efficacy may be an important mechanism of change
in PTSD symptom reduction. What is more, to our
knowledge longitudinal assessments of the interplay
between symptomatology and possible mediators in
IMIs for PTSD (e.g. coping strategies as proposed in
Lorenz et al., 2019) have not been carried out yet. Last
but foremost, it must be pointed out that the overall
power of this meta-analysis as well as the scope of the
qualitative review of components and mediators is lim-
ited due to the small number of studies that were eligible
for inclusion. Despite employing a thorough search strat-
egy, additional relevant studies may have been missed. As
the body of research is rapidly growing in this field, this
systematic review should be updated in the future.



3.2. Implications

Despite these limitations, the current systematic review
and meta-analysis has several strengths, including the
adherence to a pre-registered published study protocol
(Steubl et al., 2019), a conclusive summary of evidence
on efficacy compared to (bonafide and non-bonafide)
active comparisons, as well as a comprehensive consid-
eration of intervention components and mediators.
More precisely, the results of the present review contri-
bute to the understanding of how IMIs function which in
turn may help develop more effective interventions, and
assist in the verification and advancement of psychother-
apeutic theories (Kazdin, 2007; Lemmens et al., 2016).
Moreover, the findings and discussed limitations indicate
important gaps in the existing literature. In this regard,
they may lead the way to much needed high quality
RCTs in the assessment of the efficacy of IMIs for
PTSD compared to first line face-to-face treatments or
active (bonafide) control conditions. Additionally, CBT-
based IMIs have resulted in the highest SMD in our
subgroup analyses. Therefore, future IMIs should aim
to include key commonalities of existing first line face-to-
face treatments for PTSD in adults (i.e. psychoeducation,
emotion regulation, coping skills, imaginal exposure,
cognitive processing, restructuring, and/or meaning
making; Schnyder et al, 2015). In particular, more
research aiming for a better understanding of active
components and mechanisms of change is worthwhile.
This is relevant not only to improve IMIs for PTSD and
other disorders, but also to give new ideas to the evolving
debate on psychotherapy processes and the accountabil-
ity of common factors or specific techniques for the
efficacy of psychotherapeutic interventions (Kazantzis
et al, 2018; Lorenzo-Luaces & DeRubeis, 2018).
Additive and dismantling studies investigating the incre-
mental effects of different treatment components in an
online format as well as mediation studies using well-
established approaches to mediation analysis, will further
improve our knowledge on mechanisms of change of
IMIs for PTSD in adults.

4. Conclusion

In conclusion, the results of this systematic review and
meta-analysis provide support for the superiority of
IMIs for PTSD compared to active controls. In addition,
the results highlight possible mechanisms of change in
these rather novel digital interventions and in light of
previous meta-analyses (Kuester et al., 2016; Sijbrandij
et al, 2016; Simblett et al., 2017), they endorse the
future use of IMIs for PTSD in routine care, when first-
line face-to-face psychotherapies are unavailable.
Moreover, the compiled evidence highlights substantial
research gaps. More high-quality studies comparing
IMIs with first line face-to-face treatments and active
(bonafide) controls are needed. Additionally, future
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research should focus on replications of the included
studies in different settings, assess additional active
components besides guidance, and analyse different
mediators that have not been investigated so far.
Thereby, it is important to adhere to the quality criteria
for process research and amend common methodologi-
cal shortcomings as highlighted in this review.
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