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Background: Depression is a highly prevalent mental disorder, but only a fraction
of those affected receive evidence-based treatments. Recently, Internet-based
interventions were introduced as an efficacious and cost-effective approach. However,
even though depression is a heterogenous construct, effects of treatments have mostly
been determined using aggregated symptom scores. This carries the risk of concealing
important effects and working mechanisms of those treatments.

Methods: In this study, we analyze outcome and long-term follow-up data from the
EVIDENT study, a large (N = 1,013) randomized-controlled trial comparing an Internet
intervention for depression (Deprexis) with care as usual. We use Network Intervention
Analysis to examine the symptom-specific effects of the intervention. Using data from
intermediary and long-term assessments that have been conducted over 36 months,
we intend to reveal how the treatment effects unfold sequentially and are maintained.

Results: Item-level analysis showed that scale-level effects can be explained by small
item-level effects on most depressive symptoms at all points of assessment. Higher
scores on these items at baseline predicted overall symptom reduction throughout the
whole assessment period. Network intervention analysis offered insights into potential
working mechanisms: while deprexis directly affected certain symptoms of depression
(e.g., worthlessness and fatigue) and certain aspects of the quality of life (e.g., overall
impairment through emotional problems), other domains were affected indirectly (e.g.,
depressed mood and concentration as well as activity level). The configuration of
direct and indirect effects replicates previous findings from another study examining the
same intervention.

Conclusions: Internet interventions for depression are not only effective in the short
term, but also exert long-term effects. Their effects are likely to affect only a small
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subset of problems. Patients reporting these problems are likely to benefit more from the
intervention. Future studies on online interventions should examine symptom-specific
effects as they potentially reveal the potential of treatment tailoring.

Clinical Trial Registration: ClinicalTrials.gov, Identifier: NCT02178631.

Keywords: depression, network analysis, maintenance, internet interventions, health-related quality of life

BACKGROUND
Internet-Delivered Psychotherapy

Depression has become one of the greatest challenges to
public health, especially in Western, industrialized societies. An
increasing number of persons with mental health problems seek
treatment. However, structural barriers prevent many of those
affected from getting the best help possible (1, 2). Depending
on the health care system, a major structural barrier results
from financial reasons (treatment costs or lack of insurance
coverage), lack of time for undergoing treatment, or lack of clarity
about where to get an appointment. Patients’ attitudes can also
prevent them from getting treatment, mainly because mental
health problems are expected to improve without treatment by a
mental health professional, but also due to fear of stigmatization
or involuntary hospitalization (3).

As a result, the need for evidence-based and cost-effective
treatments that are easy to disseminate becomes evident.
Internet-delivered psychotherapy could have the potential to
overcome the aforementioned barriers, as accessing them is
easy and practically anonymous (4), while being cost-effective
compared to care as usual (5). In-depth interview studies with
patients show that internet-based treatment components also
increase accessibility when blended with in-person treatment
settings (6). For psychiatric and psychosomatic disorders,
internet-delivered interventions show effects that are comparable
to face-to-face treatments (7). Massoudi and colleagues showed
that interned-delivered psychotherapy is moderately effective
compared to waiting list control groups while small effects
can still be observed when compared to care as usual (8).
They also summarized four studies reporting cost-effectiveness,
concluding that online interventions reduce healthcare costs
by significant amounts. Internet-delivered psychotherapy can
therefore be regarded as a useful addition to the mental
health care system and could be implemented in stepped-care
approaches as well as blended interventions in routine care
(9, 10). In their review, Massoudi et al. found the most evidence
for Internet-delivered cognitive-behavioral therapy (iCBT). iCBT
can currently be considered the most promising alternative
to traditional face-to-face approaches. Patients use specially
designed secure websites or mobile applications over a specified
period of time. Most of these programs consist of systematic
presentation of therapy content through text, instructions for
independent practice of learned techniques (“homework”), and
accompanying materials such as videos or audio recordings.
Some programs include contact to therapists via e-mail or
video conferencing software, but many completely self-guided
programs exist (11). While these analyses show promising results,

there are cases in which internet-delivered psychotherapy shows
small or unsatisfactory effects. A recent meta-analysis on iCBT
for anxiety and depression in adolescents and young adults
showed moderate effects for post-treatment symptom scores, but
only small effects at follow-up (12). Generally, follow-up effects
of iCBT tend to be small and non-significant. While it is possible
that the effects of these interventions diminish after some time,
another reason may also lie in the way symptoms are measured
in most studies.

Current Issues in the Measurement of

Treatment Effects

In studies evaluating the effects of psychiatric and
psychotherapeutic interventions, it is common practice to report
mean differences. The reported mean values typically consist of
the sum or average scores of psychometric scales to measure the
severity of symptoms. However, Fried and Nesse (13) argued that
symptoms of mental disorders should be analyzed on the item
level, because important information is lost when using sum
scores. They provided several examples for this in the example
of depression. First, research on biomarkers for depression
revealed that many of its biological correlates are symptom-
specific (14). Second, many treatments are effective for specific
symptoms only. For example, antidepressants were found to
reduce depressive mood, anhedonia and feelings of worthlessness
while their side-effects often mimic other symptoms like sleep
problems, fatigue and suicidal ideation (15, 16). Psychotherapy
might target different symptoms and could also have side-
effects. Fournier et al. (17) found that cognitive psychotherapy
reduced atypical-vegetative symptoms like hypersomnia, weight
gain or changes in appetite. Bekhuis et al. (18) analyzed the
effects of psychotherapy compared to psychotherapy combined
with antidepressants and found that combined therapy was
significantly more effective in reducing symptoms of feeling
entrapped, emotional lability, worry, hopelessness, obsessive
thoughts, blue mood, and feeling low in energy. Regarding
side-effects, a qualitative analysis of a large sample found that
patients receiving iCBT frequently report increases of anxiety,
stress or insomnia (19). Thus, using sum scores could lead to
inaccurate assessments of the efficacy of available treatments.
Third, symptoms of depression are differentially associated
with overall psychological functioning. Changes on the item
level can be manifold but lead to the same changes on the
scale level. Clinically, however, changes on a scale value can
have various meanings. Using an example from a depression
scale, a decrease in suicidality has completely different clinical
implications than a change in eating behavior. The different
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arguments against the use of scale values were followed by an
increase of research on symptom-specific intervention effects.
For example, Hieronymus and colleagues (15) have shown
that the apparent ineffectiveness of antidepressants in less
severe depression is no longer detectable when examining the
symptoms included in the 6-item Hamilton Depression Rating
Scale. For depressed mood, feelings of guilt, impairment of work
and loss of interest, psychomotor retardation, psychic anxiety,
and general somatic symptoms, antidepressant effects were
independent of baseline severity.

Network Analysis

A promising method that is suitable for analyzing symptom-
specific effects of psychological and psychiatric interventions,
which has gained great popularity in recent years, is network
analysis (20). When applied to psychopathology, mental
disorders are treated as systems of interrelated symptoms.
Typically, a correlation matrix for the items is calculated and
transformed into a partial correlation matrix. Partial correlations
indicate the pairwise relationship between two symptoms after
possible confounding influences of other items in the network
model have been removed. These partial correlations can be
used, for example, to better understand the structure of the
co-morbidity of mental disorders (21, 22).

The usefulness of the network approach is not limited
to epidemiology but can also provide interesting insights for
the therapy of mental disorders. In addition to symptoms,
a binary “treatment” variable can be included in a network
model. Symptoms that correlate negatively with this variable
are directly affected by the intervention. We refer to this as
“direct effects.” Symptoms that in turn correlate with the directly
affected symptoms may also change, which we refer to as
“indirect effects.”

Following this approach, Boschloo et al. (23) performed a
network analysis and found that Deprexis directly targets a
subset of depressive symptoms (feelings of guilt, concentration
problems, fatigue and sleep problems) and that participants
with high scores on these symptoms benefit more from the
intervention. Blanken and colleagues (24) introduced a new
network-based method to investigate such symptom-specific
treatment effects: Network Intervention Analysis (NIA). In their
study of patients suffering from insomnia, network models were
used to analyze the sequential effects of an internet-delivered
cognitive-behavioral intervention for insomnia compared to a
waiting list control group over the course of several points of
assessment. They could not show that the intervention primarily
reduced insomnia symptoms and that these effects followed
a certain temporal order. First, early morning awakening was
reduced in the first week, followed by suicidal thoughts an
the second week and difficulty maintaining sleep in week 3
and dissatisfaction with sleep in week 4. Depressive symptoms
correlated with these symptoms reduced as well, suggesting
indirect effects that result from an improvement of insomnia
symptoms caused by the intervention.

Only recently has this field of research been looking at the
effects of interventions beyond symptoms commonly associated
with depression. A study by Cervin et al. (25) used network

intervention analysis to study the symptom-specific effects of
congnitive-behavioral therapy, antidepressant medication and
their combination in pediatric anxiety disorders. They could
show that, in addition to symptom reduction, all treatments
achieved their effects also by a reduction of family interference
and avoidant behavior. NIA therefore offers important insights
into the working mechanisms of psychiatric treatment that would
be concealed if using scale values to determine treatment effects.

The Current Study

The analysis presented here is based on the EVIDENT study,
a large randomized controlled trial on the effects of an online
cognitive-behavioral intervention for depression (Deprexis).
Symptom-specific effects of Deprexis were already studied using
data from this study (23) and in another data set (26). However,
only depressive symptoms directly after the intervention were
considered. Thus, we will include a measure of health-related
quality of life in our analysis, which will potentially reveal
treatment effects that go beyond symptom reduction. In addition,
while Klein et al. (27) reported that Deprexis continues to show
small but significant long-term scale-level effects until up to 1
year, symptom-level effects in the follow-up period have not yet
been studied.

In summary, the goals of this study were two-fold: first,
we were interested in the direct and indirect effects of this
intervention both on depressive symptoms as well as health-
related quality of life. Second, our goal was to examine symptom-
level effects over an extended period of time of up to 12 months.
Based on previous network intervention analysis studies, we
hypothesized that (a) Deprexis usage is linked to a reduction to
a limited set of symptoms, (b) that a significant portion of the
Deprexis effect is expressed indirecty and (c) that direct treatment
effects become less pronounced in the follow-up period while
changes in item means remain relatively stable.

METHODS

Trial Design and Participants

We analyzed data from the “Effectiveness of Internet-based
Depression Treatment” (EVIDENT) trial (28). EVIDENT
was a large (N = 1,013) multicenter randomized controlled
trial comparing an internet-delivered cognitive-behavioral
intervention (Deprexis) with care as usual (CAU) for mild to
moderate depressive symptoms. Patients scoring between 5
and 14 on the Patient Health Questionnaire-9 [PHQ-9 (29)]
were included in the study. Participants were randomized
equally to one of those conditions. Participants of this trial
were free to use any form of treatment, including medication
and psychotherapy. The treatment group received access to the
Internet intervention in addition to their usual treatment. The
internet-delivered cognitive-behavioral intervention “Deprexis”
is a 12-week individually-tailored self-help programme based on
cognitive-behavioral therapy. It consists of 10 modules covering
a variety of techniques, like cognitive restructuring, behavioral
activation, acceptance, mindfulness exercises, problem solving.
Deprexis can be used with or without guidance by a mental
health professional. In the EVIDENT trial, participants with
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mild depressive symptoms [PHQ-9 sum score 5 to 9 (30)]
received the unguided version, while participants with moderate
symptoms (PHQ-9 sum score 10 to 14) were contacted once
a week by a trained supporter via e-mail. After the 12-month
randomized-controlled trial (RCT) period, the CAU group had
access to Deprexis as well. A more detailed description of the
Deprexis programme is given by Meyer et al. (31).

Depression symptoms and overall impairment were measured
before trial onset (baseline), directly after the trial (post
treatment) and over a follow-up period. Full assessments were
conducted at three, 6 and 12 months after randomization.
Additionally, monthly assessments of depressive symptoms were
conducted between the post-assessment and the twelve-months
follow-up. Then, an extended follow-up period of 18, 24, 30,
and 36 months was offered to participants. In this period,
the control group also had access to the Deprexis treatment.
Figure 1 shows the study flow chart and sample sizes. While
the EVIDENT trial conducted intention-to-treat analyses, we
analyzed only the available data of every assessment. Sample sizes
for all assessments included in this study are specified in Table 1.

Instruments
The nine-item Patient Health Questionnaire (PHQ-9) (29)
was used as a primary outcome measure. The PHQ-9 is a
relatively short, but highly reliable and well-validated self-report
questionnaire for depression severity. In a validation study on the
German general population, it was shown to have a one-factor
structure and a high internal consistency (Cronbach alpha:.88).
The “Short Form-12” (SF-12) (32) was included to measure
the perceived health status. It includes 12 items assessing
the impact of impairment by physiological and psychological
problems on health-related quality of life. The SF-12 has an
acceptable internal consistency (Cronbach alpha:.89 for physical
health,.76 for mental health) and was shown to be predictive of
various health conditions (32).

Statistical Analysis

In order to analyze the symptom-specific effects of the treatment,
we used Network Intervention Analysis (24). We closely
followed the proposed method by Blanken and colleagues (24),
using Mixed Graphical Models (MGM) to estimate network
models. For each assessment, we estimated a LASSO-regularized
network that included the psychometric scales as well as a
binary treatment allocation variable. Regularization methods like
LASSO reduce the occurrence of false-positive edges in network
models (33), thus minimizing spurious findings while increasing
the interpretability of networks. The LASSO tuning parameter
was selected using 10-fold cross-validation. We included all
symptom items of the PHQ-9 and the SF-12 as continuous
variables and added a binary treatment allocation variable (0:
care as usual, 1: Deprexis intervention). The SF-12 included four
yes/no items that were also treated as categorical binary variables.
Because the CAU group got access to Deprexis after the 12-month
follow-up, the extended follow-up assessments were excluded
from network intervention analysis. If not stated otherwise, all
analyses use the available data and missing data were removed
using listwise deletion.

2020 assessed for eligibility |

Reasons for ineligibilty: 54 PHQ <
S, 748 PHQ > 14, 91 no informed
consent, 9 > 65 yrs, 98 not "[
available for diagnostic interview,
7 other.

1007 not eligible |

l 1013 randomly assigned to intervention or CAU |
T

’ 504 care as usual |

509 internet intervention
485 used allocated intervention

| )

3 months assessment 3 months assessment

395 completed PHQ-9

399 completed PHQ-9

)

)

4 months PHQ-9: 282
5 months PHQ-9: 267

4 months PHQ-9: 290
5 months PHQ-9: 263

! l

6 months assessment 6 months assessment
378 completed PHQ-9 376 completed PHQ-9

7 months PHQ-9: 265
8 months PHQ-9: 260
9 months PHQ-9: 257
10 months PHQ-9: 250
11 months PHQ-9: 250

7 months PHQ-9: 246
8 months PHQ-9: 248
9 months PHQ-9: 241
10 months PHQ-9: 225
11 months PHQ-9: 232

| EETRREI et it el e e At J

12 months assessment
344 completed PHQ-9

12 months assessment
348 completed PHQ-9

299 gave consent to

286 gave consent to
extended follow-up

extended follow-up

18 months assessment : 177

18 months assessment : 196
24 months assessment : 206
30 months assessment : 180 | i 30 months assessment : 179
36 months assessment : 167 { 36 months assessment : 169
) v

509 included in primary analysis ‘ [ 504 included in primary analysis

24 months assessment : 187

FIGURE 1 | Study flowchart of the EVIDENT trial.

We used the resampling function implemented in the MGM
package to conduct a bootstrap analysis of network edge stability.
For every network model, we drew 100 bootstrap samples for
which we fitted the models. We then plotted the sampling
distribution for every edge weight. The plots show the number
of times an edge was estimated to be non-zero when resampling,
as well as the 5 and 95% quantiles of the estimates. We will report
the stability estimate (i.e., the percentage of bootstrap runs in
which the edge was estimated as being non-zero) for the reported
edge weights. For example, a stability of 98% indicates that the
edge was found to be non-zero in 98 of 100 bootstrap runs.
Full result plots for the resampling procedure of every model are
available in the online supplement.

Graphical Representation
We used the R package qgraph (34) to plot the network models.
In these plots, the nodes represent the symptoms and treatment
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TABLE 1 | Overview of assessments, sample sizes, between-group standardized mean differences (Cohen'’s d) for main assessments and intermediary PHQ-9

assessments, including 95% confidence intervals.

Timing of the assessment PHQ-9

SF-12 mental SF-12 physical

3 months (post; N = 794) —0.40 [-0.54; —0.26]
4 months (N = 572) —0.44 [-0.61; —0.28]
5 months (N = 530) —0.45[-0.62; —0.27]

6 months (follow-up; N
7 months (N = 511)
8 months (N = 508)

= 754) —0.36 [-0.50; —0.21]
—0.32 [-0.49; —0.14]
—0.28 [-0.46; —0.11]
9 months (N = 498) —0.23[-0.41; —0.05]
10 months (N = 475) —0.17 [-0.35; 0.01]
11 months (N = 482) —0.11 [-0.29; 0.06]
12 months (follow-up; N = 692) —0.27 [-0.43; —0.11]
18 Months (follow-up*; N = 373) —0.14 [-0.35; 0.06]
24 Months (follow-up*; N = 393) —0.14 [-0.34; 0.06]
30 Months (follow-up*; N = 359) —0.06 [-0.26; 0.15]
36 Months (follow-up*; N = 336) —0.08 [-0.18; 0.25]

—0.45 [-0.30; —0.16] ~0.08 [-0.22; 0.06]

—0.21 [-0.35; —0.06] —0.04 [-0.18; 0.11]

—0.24 [~0.40; —0.07] —0.08 [~0.24; 0.09]
~0.08[-0.29; 0.13] ~0.17 [~0.38; 0.04]
~0.16 [~0.36; —0.04] 0.06 [-0.14; 0.26]
~0.01 [-0.22; 0.20] 0.08 [-0.22; 0.20]

0.02 [-0.19; 0.24] 0.14 [-0.08; 0.35]

The SF-12 is not available for the monthly assessments. Negative values indicate lower scores for the Deprexis group compared to the CAU group. *: participants from the CAU group

had access to the intervention at this point.

allocation, while the edges represent partial correlations between
nodes. Edges can be green, indicating a positive correlation
between two nodes, or red, indicating a negative correlation.
The thickness of edges is proportional to the strength of the
correlation. For example, red connection between the Treatment
node and a symptom indicates that a reduction of this symptom
can be explained by using Deprexis. The node size changes if
a mean score changes relative to its baseline over and above
changes in the CAU group. Graph layout was done using a
fixed, three-layer structure: on top, the “intervention” variable
was placed. Below, items directly affected by the treatment are
positioned. The third layer contains all other items. To ease the
interpretation of successive graphs, the layout from the baseline
graph was used for all other graphs as well.

Estimation of Direct and Indirect Effects

Network models can be analyzed by calculating a number of node
centrality measures (33). These measures are used to estimate the
influence of single nodes in a model on other nodes. For example,
by summing the absolute edge weights of one node, its “strength”
can be calculated. “Betweenness” indicates how often one node
lies on the shortest path between two other nodes. To determine
direct as well as indirect effects of the intervention, we used
the centrality measure “bridge expected influence” (BEI) (35).
This measure is defined as the sum of signed edge weights that
connect nodes from two predefined communities. We defined
the treatment allocation variable as one “community” and PHQ-
9 and SF-12 items as another. Thus, the direct effect of Deprexis
usage on the measured symptoms is the BEI of the treatment
allocation variable. The BEIs of the symptom nodes show how the
overall effect can be broken down into symptom-specific effects.
The “two-step BEI” can be computed by taking into account the
influence of nodes affected by the intervention on other nodes.
For example, if the treatment reduces “depressive mood” and the

“depressive mood” item is correlated with “suicidality,” the two-
step BEI would include the connections between those symptoms
because a reduction of “depressive mood” is likely to reduce
“suicidality” as well. Thus, the “two-step BEI” can be used as an
estimate of additional indirect treatment effects.

Visualizing Treatment Effects on Symptom Severity
As proposed by Blanken et al. (24), we standardized item values
at each assessment to the baseline value and subtracted the
standardized differences of the treatment group from those of the
control group. This way, we can visualize the symptom reduction
that can be attributed to the intervention. Smaller nodes in the
network plots are those most affected by the intervention.

Predicting Treatment Effects From Baseline Score
Profile

Similar to Boschloo et al. (23), we were interested in the predictive
utility of item scores affected by the treatment in the network
models. Thus, we calculated a baseline severity indicator by
averaging item scores of those items affected by the treatment
in the “post” model. As a control, we calculated another index
consisting of all items not directly affected by the treatment. We
then correlated this indicator with symptom reductions at all
assessment points.

RESULTS

Outcome

The between-group effect sizes on the PHQ-9 and the two
subscales of the SF-12 are summarized in Table 1. It shows that
the mean mental health symptom burden is stable for up to 12
months after the start of the study. These effects were not found
in the extended follow-up period in which the CAU group also
had access to Deprexis.
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affected by the treatment are arranged in the first line. N = 794.

[3 months]

FIGURE 2 | Network diagram of treatment allocation, depressive symptoms and health-related quality of life at post-treatment assessment. Red edges indicate
negative correlations, green edges indicate positive ones. Smaller nodes have greater pre-post mean reductions compared to the control group. Nodes directly

PHQ-9

B: Loss of interest

C: Depressed mood

D: Change of sleep

E: Fatigue

F: Change of appetite

G: Worthlessness

H: Concentration problems

I: Psychomotor agitation/retardation
J: Suicidality

SF-12

K: Overall health

L: Limited activities

M: Limited climbing stairs

N: Physical: accomplished less
O: Physical: limited activities
P: Emotional: accomplished less
Q: Emotional: limited activities
R: Less careful

S: Pain

T: Calm, peaceful

U: Lot of energy

V: Downhearted, blue

Treatment Allocation
A: Treatment

Network Intervention Analysis
Despite the modest effects at the scale level, it is possible that the
long-term effects can only be seen on certain items. In order to
gain a more detailed insight into the effects of deprexis and to
be able to distinguish indirect from direct effects, NIA was used.
Some BEI values are used for interpreting treatment effects. See
Appendix A5 for a full summary of BEI values for each item and
assessment. For the sake of reproducibility, correlation matrices
of all network models are provided in the online supplement.
The network model revealed that the effect of Deprexis was
directed at a subset of symptoms. As depicted in Figure 2,
using Deprexis directly reduced a subset of seven item scores:
“worthlessness” (BEI: —0.12, stability of the edge, measured
by percentage of non-zero estimates in bootstrap runs: 100%),
“accomplished less because of emotional problems” (BEL: —0.09,
stability: 74%), “fatigue” (—0.06, stability: 82%), “change of sleep”
(—0.05, stability: 74%), “psychomotor agitation” (—0.03, stability:
71%), “pain” (—0.02, stability: 72%) and “downhearted, blue”
(—0.02, stability: 52%). The item “Calm, peaceful” showed a
slight increase that can directly be explained by using Deprexis
(0.02, stability: 62%). Additionally, indirect treatment effects

can be observed. For example, Deprexis use was most strongly
associated with reduced “worthlessness,” which is positively
correlated with “depressed mood.” This suggests that reductions
of “depressed mood” can be explained by the direct reduction of
“worthlessness.” A reduction of “fatigue” on the other hand will
lead to an increase in “calm peaceful,” as indicated by a negative
connection between these two items.

The BEI of the treatment node was —0.36 in the first step and
—0.62 in the second step, suggesting that a significant proportion
of the treatment effect is indirect.

As depicted in Figure 3, network models for the intermediary
PHQ-9 assessments at 4 and 5 months again revealed the
association of Deprexis treatment with “Worthlessness” (stability:
98%), “Psychomotor agitation” (stability: 95%), “Fatigue” (91%)
and “Change of sleep” (stability: 82%). In the 5 months-
assessment, treatment was most strongly associated with “Change
of sleep” (stability: 99%), while reductions of other symptoms,
as well as the overall network structure, remained relatively
stable. First- and second-step BEIs of the treatment variable were
—0.34/—0.62 after 4 months and —0.32/—0.39 after 5 months. As
shown in Figure 4, this effect was also observed after 6 months.
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FIGURE 3 | Network diagram of treatment allocation, depressive symptoms and health-related quality of life at 4 and 5 months after study onset. Ns = 572

(4 months) and 530 (5 months).

[5 months]
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At this point, Deprexis usage was associated with “Change
of sleep” (BEIL: —0.12, stability: 98%), “Worthlessness” (—0.01,
stability: 61%), “Concentration problems” (—0.04, stability:
73%), “Psychomotor agitation” (—0.05, stability: 86%), and
“Suicidality” (—0.04, stability: 67%).

The treatment effects decrease continuously in the course of
the further follow-up time. This can be seen in Figure 5 and
is indicated by the drop in BEI at 7 months (—0.24) to —0.09
at 11 months. The last follow-up assessment we analyzed was
conducted at 12 months and is depicted in Figure 6. Here, effects
on the PHQ-9 were comparable to the previous assessments
(treatment BEI: —0.10) and the overall effects can be explained
by small effects on “Fatigue” (BEL: —0.05, stability: 67%) and
“Suicidality” (BEI: —0.03, stability: 73%). When taking account
indirect effects, the BEI of the treatment variable increases
to —0.28.

Prediction of Treatment Outcomes and
Stability by Baseline Severity Indicator

As shown in Table2, the baseline severity indicator was
significantly correlated with greater PHQ-9 symptom reductions
in the Deprexis group, with the exception of the 6 months-
assessment. In the CAU group, the indicator was correlated with
stronger outcomes in the 36 months-assessment. The control
indicator was not significantly associated with outcomes at any
time point (All [r| < 0.16, p >0.18).

DISCUSSION

In this study, we applied a novel approach to evaluating long-
term treatment efficacy to a data set from the EVIDENT
trial (EffectiVeness of Internet- based DEpressioN Treatment)
which has examined the effectiveness of “Deprexis,” an online
intervention for depression. This is the first study using Network
Intervention Analysis for studying long-term follow-up effects of
internet-delivered treatments of depression. Our findings can be
summarized as follows:

First, effects of Deprexis in addition to CAU are likely
to result by affecting activity patterns (indicated by
direct treatment effects on “fatigue” and “psychomotor
agitation/retardation”), sleep behavior (“change of sleep”)
and depressive cognitions (“worthlessness”).

Second, patients who score higher on the directly affected
items (“worthlessness,” “accomplished less because of emotional
problems,” “fatigue,” “change of sleep,” “psychomotor agitation,”
“pain,” “downhearted, blue” and “Calm, peaceful”) at baseline
profit more from Deprexis throughout the whole study period.
This could indicate a patient subtype that benefits particularly
from Deprexis.

Third, a large portion of treatment effects can be better
explained by changes in other symptoms than by assignment
to the treatment group. We examined this relation of direct
to indirect treatment effect size by comparing one-step and
two-step expected influence values. This means that Deprexis
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FIGURE 4 | Network diagram of treatment allocation, depressive symptoms and health-related quality of life at 6 months after study onset. N = 754.
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tackles only a small subset of problems but is successful in
reducing many other symptoms as a secondary effect. For
example, “Depressed mood” was significantly correlated with
“Worthlessness” and also decreased after treatment. Similarly,
“Fatigue” was directly affected and correlated with “Loss of
interest” as well as “Change of appetite;,” both of which showed
decreases in the treatment group.

Fourth, Deprexis usage affects health-related quality of life
by reducing depressive feelings, increasing feelings of calmness,
reducing functional impairment by emotional problems,
and pain.

These results presented increase the understanding of the
effects of online interventions on depression by also evaluating
follow-up data. They also reveal how changes at the symptom
level affect the health-related quality of life.

Scale and Item-Level Treatment Effects

Small to moderate between-group effects were found on the
scale level until up to 12 months after study onset for depressive
symptoms measured by the PHQ-9 and for mental health related
quality of life measured by the SF-12. No effects were found for
the physical health related quality of life. In the extended period,

CAU participants could also access Deprexis. During this period,
group differences on the scale level disappeared completely,
indicating that even this delayed treatment with Deprexis had at
least some effects for the CAU group as well.

At the item level, it was found that different PHQ-9 items
reacted differently to the treatment. Between-group effects were
smaller and more transient for some items (e.g., “Change of
appetite,” “Change of sleep,” “Concentration problems,” and
“Worthlessness”) than for others (e.g., depressed mood, fatigue,
loss of interest and suicidality). It is noteworthy that the
strongest and longest lasting effect could be demonstrated for the
suicidality item. Given the high scalability of online interventions
like Deprexis, even the modest effects observed in this study can
be relevant.

Interestingly, participants scoring higher on the items affected
by Deprexis at the post assessment showed stronger treatment
outcomes throughout the whole trial period, including the
follow-up period, a finding that could have implications for
further personalization of this intervention. For example, while
patients reporting higher values for “Worthlessness”, “Fatigue”,
“Psychomotor agitation” and “Change of sleep” might be directed
to the standard version of Deprexis, while a modified version
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FIGURE 5 | Intermediary assessments for the 7 to 11-month follow-up
assessments. N = 511, 508, 498, 475, and 482, respectively.

of the treatment could be developed for patients reporting
higher scores on the other items. This modified version might
be specifically tailored to address problems that we did not
find to be directly affected by Deprexis treatment. Those
symptoms include “Loss of interest” and “Lot of energy” from
the SF-12, so the modification could be more effective by
emphasizing techniques that focus on behavioral activation
(36) more strongly. The fact that the baseline severity index
also correlated with the effect in the CAU group at the
36 months assessment can possibly be explained by the fact
that the CAU group could access Deprexis after the 12
months follow-up.

Network Analysis

By using network analysis and including a treatment variable,
we were able to isolate direct and indirect effects of Deprexis.
In contrast to the mere analysis of changes in mean scores,
this type of analysis goes beyond looking at symptom reduction
and can provide information about possible mechanisms of
action. Although connections in the network and symptom
reduction correlate at the item level, not every item that
showed a decreased mean value must also have a connection
in the network. Instead, the items tend to have a connection
to the treatment, the reduction of which cannot be explained
by the reduction of other symptoms. The strong direct effect
on self-devaluating cognitions (measured by the PHQ-9 item
“Worthlessness”) is expected from cognitive-behavioral therapy,
as changing depressive cognitions are the main focus of CBT
(37). Similarly, reductions in “Fatigue” and “Accomplished
less because of emotional problems” could be in line with
behavioral activation and reduction of avoidant behavior, both
of which are well-established working mechanisms in CBT for
depression (38).

Indirect (second-step) treatment effects were more diverse
and encompassed most of the PHQ-9 items. Since we were
only able to distinguish Deprexis and CAU group, we can
only speculate which specific ingredients of the intervention led
to these effects. Assuming that “worthlessness” predominantly
captures depressive cognitions, the effect in the network model
could be explained by exercises in cognitive reappraisal.

While the symptom-specific effects on the depression
questionnaire PHQ-9 were clearly visible in the analysis, there
were less pronounced effects for the general health questionnaire
SE-12. Deprexis users reported being constrained by emotional
problems less frequently, but other symptoms were not directly
linked to the treatment. Indirect effects also revealed negative
associations between Deprexis usage and SF-12 items reflecting
depressive symptoms (“downhearted, blue”). Since BEI only
involves up to two “steps” in the network, treatment effects
may be more indirect or caused by variables not included
in our model. However, given our results it can be assumed
that Deprexis works mainly by reducing depressive symptoms
directly, which leads to a subsequent increase of quality of life.
This finding is expected, as the PHQ-9 was found to be highly
correlated with most items of the SF-12 (39). Also, there were
strong intercorrelations of SF-12 items that are most likely due to
the structure of the questionnaire. For example, items asking if a
participant “Accomplished less than they would like” and “Were
limited in the kind of work or other activities” (items N and O
in network graphs), a very high correlation is almost guaranteed,
especially with a binary item format.

By applying the network intervention analysis approach to
follow-up data, we identified symptoms responsible for the
maintenance of treatment effects over 1 year after study onset.
Interestingly, those symptoms were different to those associated
with treatment in the first assessment. It could be speculated
that effects on this aspect of depression need several months to
unfold although further studies including more intense repeated
assessments are needed to substantiate this.
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FIGURE 6 | Network diagram of treatment allocation, depressive symptoms and health-related quality of life at 12 months after study onset. N = 637.
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TABLE 2 | Correlations of baseline severity indicator with symptom reductions at
different time points.

Time (months) Deprexis CAU

3 -0.23* -0.07
6 -0.13 -0.07
12 -0.21* -0.15
18 -0.26* -0.15
24 —0.25* -0.18
30 —0.35* -0.17
36 —0.24* —0.35*

*, Holm-adjusted p < 0.05.

Limitations

Some limitations to our findings should be considered. Especially
in the follow-up period, there was a considerable number of
drop-out cases. This could have led to less accurate estimates
of network edges and false-positive results. Since this study
is a secondary data analysis, no a priori simulation study
for power calculation was possible. However, as our bootstrap
analysis shows, many edges estimated for treatment effects show
imperfect stability, possibly reducing the confidence once should
put in these effects. On the other hand, no agreed-upon cutoft

values for satisfactory edge stability in network intervention
analysis exist and the stability of treatment effect edges obtained
in this study are comparable and often surpass those reported by
Blanken et al. (24).

Regarding treatment effects, we decided to analyze complete
cases because the network modeling approach we chose does not
support incomplete data. This could have led to inaccurate effect
size estimates. In fact, effect sizes from the previously reported
intention-to-treat analysis by Klein et al. (27) were lower and less
stable at follow-up.

The attribution of treatment effects observed in our sample
is somewhat complicated due to a number of factors. Because
participants were able to continue with their current psychiatric
or psychotherapeutic treatment, a part of the effect might be
attributable to these ongoing treatments. Subgroup analyses
conducted in the original study (28) showed that the treatment
effect of DEPREXIS was smaller in those patient groups.
However, the proportion of patients receiving treatments
elsewhere was the same in both groups by randomization,
allowing the cautious conclusion that the impact of these
treatments was not significantly greater in either group. While
higher symptom severity normally predicts slightly larger effects
in low-intensity interventions (40), this moderator is likely have
been washed out because individual treatments were started long
before participating in the EVIDENT study. Thus, including
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participants that already underwent other treatments is likely
to have led to an underestimation of treatment effects. On the
other hand, participants with higher PHQ-9 scores (sum score
of 10 to 14) were contacted by a supporter once per week,
which could have led to increased effects for this group. Because
symptom severity and access to e-mail support are confounded, it
is hard to separate the influences of these two conditions. Future
studies should consider randomizing supporter conditions to
make this possible.

Compared to the work by Blanken et al. (24), we could not
study the effects during the ongoing treatment because there
were no assessments during that time. The processual nature
of therapeutic interventions is lost in cross-sectional designs
because intraindividual variation are not captured (41, 42).
This requires study designs with high frequency measurements
of the therapeutic process. For example, Santos et al. (38)
used repeated measures during behavioral activation-focused
residential treatment to show that the extent of behavioral
activation is in fact associated with treatment outcomes. Future
studies on the working mechanisms of online interventions
should include adequate measures of intraindividual variation.

Outlook

Future studies could extend the network intervention analysis
approach to studies comparing two or more treatment
approaches. This way, important information about the
symptom-specific effects of different treatments could
be uncovered, possibly leading to personalized treatment
recommendations. Ideally, researchers considering using this
approach should design their clinical studies in a way that
NIA can be carried out adequately. This includes adding
ongoing symptom assessments to the design of clinical
studies so that the unfolding of treatment effects can be
observed during interventions. Also, a priori statistical power
calculations should include network models in order to guarantee
stable estimates.

Conclusion

Online interventions can help participants to manage their
symptoms more effectively. In the case of Deprexis, this is
accomplished most likely by reducing depressive thoughts and
fatigue. Network intervention analysis is a promising tool to help
clinical psychologists to design and evaluate interventions that
lead to a broadening of knowledge about treatment effects and,
thus, to greater benefits for participants.
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