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Abstract

Background: Menta health problems are highly prevalent among college students. Most students with poor mental health,
however, do not receive professional help. Internet-based self-help formats may increase the utilization of treatment.

Objective: The aim of this randomized controlled trial was to evaluate the efficacy of an internet-based, app-supported stress
management intervention for college students.

Methods: College students (n=150) with elevated levels of stress (Perceived Stress Scale 4-item version, PSS-4 >8) were
randomly assigned to either an internet- and mobile-based stressintervention group with feedback on demand or awaitlist control
group. Self-report data were assessed at baseline, posttreatment (7 weeks), and 3-month follow-up. The primary outcome was
perceived stress posttreatment (PSS-4). Secondary outcomes included mental health outcomes, modifiable risk and protective
factors, and college-related outcomes. Subgroup analyses were conducted in students with clinically relevant symptoms of
depression (Center for Epidemiological Studies' Depression Scale >17).

Results: A total of 106 participants (76.8%) indicated that they were first-time help-seekers, and 77.3% (intervention group:
58/75; waitlist control group: 58/75) showed clinically relevant depressive symptoms at baseline. Findings indicated significant
effects of the intervention compared with the waitlist control group for stress (d=0.69; 95% CI 0.36-1.02), anxiety (d=0.76; 95%
Cl 0.43-1.09), depression (d=0.63; 95% CI 0.30-0.96), college-related productivity (d=0.33; 95% CI 0.01-0.65), academic work
impairment (d=0.34; 95% CI 0.01-0.66), and other outcomes after 7 weeks (posttreatment). Response rates for stress symptoms
were significantly higher for the intervention group (69%, 52/75) compared with the waitlist control group (35%, 26/75, P<.001;
number needed to treat=2.89, 95% CI 2.01-5.08) at posttest (7 weeks). Effects were sustained at 3-month follow-up, and similar
findings emerged in students with symptoms of depression.

Conclusions: Internet- and mobile-based interventions could be an effective and cost-effective approach to reduce consequences
of college-related stress and might potentially attract students with clinically relevant depression who would not otherwise seek
help.
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German Clinical Trial Register DRKS00010212; http://www.drks.de/drks_web/navigate.do?

navigationld=tria. HTML& TRIAL _ID=DRKS00010212 (Archived by WebCite at http://www.webcitation.org/6w55Ewhjd)
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Introduction

Background

Between 25% and 50% of college students meet the criteriafor
at least one mental health disorder in a given year [1,2]. Data
suggest that mental disorders account for about half the disease
burden of young adults in developed countries [3] and are
associated with a range of negative consequences, including
lowered academic performance [4] and college attrition [5].

Despite the availability of effective treatment [6], only 1in 5
students with mental disorders receives minimally adeguate
treatment [1]. Reasonsfor thistreatment gap include attitudinal
barriers such as stigma and a preference for self-help [7].

Internet- and mobile-based interventions [8] might help to
increase the utilization of psychological interventions, as they
can be easily accessed, alow for high scalability, and can be
provided at alow cost [9,10]. Internet-based interventions may
also be suitable for college student populations [11], with
research indicating that preference for hel p-seeking through the
internet is higher among younger and well-educated individual s
[12]. There is meta-analytic evidence suggesting the efficacy
of internet interventions for a range of conditions and
populations [6,13-16], including college students [17], with
effect sizes of technol ogy-delivered interventions ranging from
standardized mean difference (SMD) of 0.42 to 0.43 for
depression, 0.30 to 0.56 for anxiety, and 0.73 to 0.82 for stress
[17,18]. However, thefew resultsfor internet and mobile-based
interventionstargeting stressin students are conflicting in terms
of their effectiveness[19,20], warranting further research.

A recent meta-analysis suggests that intervention effects are
considerably higher in indicated compared with general student
populations[ 18], stressing theimportance of developing suitable
intervention approaches for at-risk students. Internet-based
interventions which are labeled to improve stress coping skills,
as opposed to focusing on reducing symptoms of mental
disorders, could represent a promising way to reach such
burdened individuals. In an Australian investigation among
severely distressed college students, 55.7% indicated that they
were quite or very likely to use an internet-delivered program
to seek help[21]. A significant association between heightened
stress levels and positive attitudes toward internet intervention
usage has also been found in a German genera population
sample[22].

If proven to be effective, internet- and mobile-based approaches
could provide a feasible instrument to help avert the onset of
more severe stress-related mental health concerns in at-risk
college students [8]. More research is therefore required to
corroborate results on the effectiveness of internet- and
mobile-based stress interventions and assess the potential of
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such interventionsto reach and be effective in burdened students
who aready show symptoms of mental illness such as
depression. Facing the del eterious effects of poor mental health
on academic functioning, it is aso important to assess whether
such interventions may have an impact on important
college-related outcomes such as academic self-efficacy and
impairment [17].

Objectives

The aim of this study isthusto evaluate the effectiveness of an
internet- and mobile-based intervention targeting university
students with heightened stress levels. We hypothesized the
internet intervention to be more effective in reducing symptoms
of stress compared with awaitlist control group (WCG). It was
furthermore assumed that more students participating in the
intervention compared with the WCG would show a reliable
change in perceived stress outcomes and attain close to
symptom-free status. The second objective of this study wasto
investigate the hypothesized positive effect of the intervention
on further mental health outcomes, modifiable risk and
protective factors, and college-related outcomes compared with
the WCG. Findly, our aim was to explore intervention
participants’ adherence to, and acceptance of, the intervention.

Methods

This study was carried out as part of the WHO World Mental
Health International College Student project [23]. The WHO
World Mental Health International College Student project aims
to obtain accurate cross-national information on the prevalence,
incidence, and correlates of mental, substance, and behavioral
problems among college students worldwide, to describe
patterns of service use and unmet need for treatment, to
investigate the associations of these disorders with academic
functioning, and to evaluate the effects of a wide range of
preventive and clinical interventions on student mental health,
functioning, and academic performance.

Design

A 2-armed randomized controlled trial was conducted with 150
participants, comparing an internet and app-based intervention
with feedback on demand (SudiCare Sress) to awaitlist control
group (WCG). Both conditions had full access to treatment as
usua (TAU). The sample size allowed to detect effect sizes of
d=0.41 with a power (1- ) of 0.80 with apha of .05 and was
based on a meta-analysis on internet-based interventions for
college students, which reported an SMD of 0.73 for stress but
lower effects for depression outcomes (SMD=0.43) [17]. A
sample size of 150 was therefore chosen to also detect
significant changes for secondary outcomes in this study such
as depression.
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Figure 1. Flow of participants (CONSORT flow chart). BDI: Beck Depression Inventory; IG: intervention group; WCG: waitlist control group;

CONSORT: Consolidated Standards of Reporting Trials.
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Assessments took place at baseline (T1), posttreatment (T2; 7
weeks), and 3 months after baseline (T3; see Figure 1).
Self-report data were collected using a Web-based assessment
tool (Advanced Encryption Standard, 256-bit encryption). All
procedures involved in the study were consistent with the
generally accepted standards of ethical practice. The study was
approved by the University of Erlangen-Nuremberg ethics
committee (Erlangen, Germany; 322 15 B). The trid is
registered in the German Clinical Trials Register
(DRKS00010212 [24]). This study describes the main
effectiveness analysis of the intervention; we also assessed
moderator and mediator variables, which are listed in the trial
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registration (see Multimedia Appendix 1) and will be analyzed
and reported in due length elsewhere.

Participants

Inclusion criteria were (1) elevated levels of perceived stress
(Perceived Stress Scale 4-item version, PSS-4=8 [25];
representing a level of stress one SD=2.92 above the mean of
4.49 in a large student sample [25]), (2) enroliment in a
German-speaking university at the beginning of the training,
(3) age=18years, (4) internet access, (5) willingnessto provide
self-report data at all assessment points, and (6) informed
consent. Exclusion criteria were (1) self-reported diagnosis of
dissociative symptoms or psychosis in the past or (2)
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considerable risk for suicide (Beck Depression Inventory item
9>1; “| feel | would be better off dead” or “1 would kill myself
if I had the chance”). Individuals showing an elevated risk for
suicide were given detailed information about treatment options
and were asked to see a physician or psychiatrist as soon as
possible.

Recruitment

Participants were recruited via university press reports, student
counseling services, and social media platforms. Potential
participants declared interest in partaking in the study by filling
out a Web-based registration form on the study website.

Assessment of Eligibility and Randomization

Individuals who declared interest in participating received an
information letter along with an informed consent sheet and
were asked to provide an email address for their intervention
platform profile. Applicants were informed that withdrawal
from the study was possible at any time, did not go along with
any negative conseguences, and all collected case data could
be deleted on request during the study. Interested participants
were asked to complete the written informed consent form and
fill out the Web-based screening questionnaire.

Individuals meeting all the inclusion and none of the exclusion
criteria were invited to fill out the baseline assessment. After
completion, individuals were randomly allocated to either the
|G or the WCG. Randomization took place at aratio of 1:1 and
ablock size of 2 using an automated computer-based random
integer generator (Randlist, Datinf GmbH, Tubingen, Germany)
and was performed by a researcher not otherwise involved in
the study. Participants could not be blinded to study conditions;
yet, during the randomization process, the allocation was
concesal ed from partici pants, researchersinvolved in recruitment,
and e-coaches.

Study Conditions

I ntervention Condition

The framework for SudiCare Stresswas derived from GET.ON
Sress, a Web-based stress management intervention for
employees[26]. Changesin form and therapeutic content were
made to tailor the intervention to university students’ needs.

Theintervention isbased on cognitive-behavioral and third-wave
techniques and aligns with Lazarus' transactional model of
stress [27] in differentiating between problem-focused and
emotion regulation—focused coping. For problem-focused
coping, cognitive-behavioral problem-solving strategies are
applied to reduce and eliminate modifiable stressors. Emotion
regulation refers to the processes through which individuals
monitor, evaluate, modify, and thus control emotions to reach
relevant needs or goals and has been shown to be influential in
reducing various symptoms of mental illness [28]. Elective
modules integrated at the end of session 2 to 7 could be chosen
based on individual need and interest, covering student-specific
topics. social support, rumination and worrying, time
management, procrastination, test anxiety, sleep, motivation,
nutrition and exercise, and dealing with writer's block and
concentration.
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The intervention comprised 8 main modules. Completing 1
module took 30 to 90 min, and participants were advised to
complete at least one and a maximum of 2 modules per week.
Thus, the intervention was intended to be completed in about
5 to 7 weeks (see Multimedia Appendix 2 for a detailed
description of the modules).

Strong emphasiswas put on the transfer of acquired knowledge,
strategies, and techniques into the students' daily life through
homework assignments. A personal diary app could be
downloaded by participantsto keep track of mood fluctuations,
monitor factors contributing to their stress levels and reflect on
intervention elementsthey could implement into their daily life.
The diary app was introduced in module 1 as an adjunct to the
main sessions and contained standardized free-text fields, rating
scales, and gave the opportunity to add a photo to the entry (see
Textbox 1). Participants were a so provided with aPDF version
of the diary and were instructed to monitor their mood 2 to 3
times each week, using either the app or a printout of the PDF
for their entries.

In addition, before beginning with the intervention, participants
could request automatic daily messages containing short
motivational prompts and ultrabrief training exercisesviaSMS
(short message service), aimed at facilitating transfer of learned
strategies into daily life routine. Messages were prescheduled
to roughly mirror content and exercises provided through the
progression of the intervention.

Participants were guided by an eCoach, atrained student in a
master’s program in psychology. Contact between the eCoach
and intervention participants was solely established online, and
there were no face-to-face meetings. An adherence-focused
guidance concept in accordance with the human accountability
model [29,30] was applied, which has been shown to be
noninferior to intensive guidance while minimizing human
resources ([31]; for a detailed description see [26]). Guidance
consisted of 3 parts: (1) monitoring adherence (sending up to
3 reminders when a module was not completed during 1 week
through theinternal platform messaging system and viaemail),
(2) checking theintervention platform back-end for participants
who had completed a new module to unlock the next module
and send standardized motivational messages through the
platform, and (3) providing feedback on demand. When
requesting help, participants received feedback within 48 hours.

The feedback reflected the participants’ individual questions
and problems and gave positive reinforcement. Feedback on
demand was available for each participant from module 1 until
completion of the booster session and was given viatheinternal
messaging system of thetraining platform. Only few participants
(5%, 4/75) requested individual feedback, resultingin 5 content
feedbacks for the entire sample. In total, the eCoach sent 289
reminders (3.85 reminders per participant).

Control Condition

Students assigned to the waitlist control condition (WCG)
completed the same assessments at T1, T2, and T3 as the
intervention condition, but were not given access to the
intervention until 3 months after randomization. Yet, they had
full accessto TAU offered by routine health care.
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Textbox 1. General structure of the app-based diary entries.
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How do you feel today? (Emoticons: Happy—Sad—Anxious-Angry)
How stressed out do you feel today? (Rating scale 1-10)
Describe what happened today. (Free text)

o 0 o~ W NP

Do you want to add a photo to your entry? (Upload button)

Were you able to identify any things contributing to your stress levels today? (Free text)
Arethere any techniques you previously learned that you may be able to apply? (Free text)

Primary Outcome M easure

The primary outcome was perceived stress as measured by the
PSS-4[25]. The PSS-4 assessesthe degreeto whichindividuals
evaluate their lives as stressful, especially regarding how
uncontrollable and overloading relevant aspects of life are
perceived. The PSS-4 comprises 4 items (Item 1: “How often
have you felt you were unable to control the important things
inyour life?’; Item 2: “How often have you felt confident about
your ability to handle your personal problems?’; Item 3: “How
often have you felt that things were going your way?’; Item 4:
“How often have you felt difficulties were piling up so high
that you could not overcomethem?’), yielding a score between
0 and 16. Participantsrated their level of perceived stresswithin
the last 2 weeks on a 5-point Likert scale (0= never; 4= very
often). A two-factor structure has been commonly found for the
PSS [32-35], with positively framed items representing
perceived coping self-efficacy and negative items reflecting
hopel essness, the latter being a strong predictor for depression
[36]. Higher scores on the PSS have shown to have good
predictivevalidity for several adverse health outcomes[36-38].
Despiteitsbrevity, the PSS-4 has been found to have acceptable
to good psychometric properties [39,40]. The scale has a good
level of interna consistency in this study as indicated by a
Cronbach alpha of .83.

Secondary Outcome M easures

Unless otherwise specified, all outcomes were measured for a
retrospective time frame of 2 weeks. All measures were
administered in German. When no German translation was
available, scales were translated independently by two of the
researchers (MH and SHA), who then compared and discussed
the trandlations to resolve disagreement.

Mental Health

To examine effects of the stress intervention on symptoms of
common mental disorders, weincluded mental health outcomes
associated with elevated distressin college students, including
depression (short German form of the Center for
Epidemiological Studies’ Depression Scale, CES-D [41]; 15
items, scale 0-3, range 0-45) and state anxiety (Spielberger
State-Trait Anxiety Inventory [42]; 6 items, scale 1-4, range
6-24; at the moment) [43]. General well-being as an overall
marker of mental health was assessed by the WHO-Five
WEell-Being Index (WHO-5[44]; 5 items, scale 0-6, range 0-30),
and emotional exhaustion using the Maslach Burnout
Inventory-student version ([45]; 5items, scale 1-6, range 5-30).

http://www.jmir.org/2018/4/e136/

Risk and Protective Factors

Following measures for established risk and protective factors
were assessed to investigate the intervention's effect on
individual resources and vulnerabilities related to the
development and proliferation of mental illness: dysfunctional
perfectionism [46] (Revised Almost Perfect Scale [47];
translated; 8 items, scale 1-7, range 8-56), resilience [48]
(Connor-Davidson Resilience Scale short form [49]; trand ated;
2 items, scade 0-4, range 0-8), self-compassion [50,51]
(Self-Compassion Scale[52]; 12 items, scale 1-5, range 12-60),
and self-esteem [53] (Rosenberg Self-Esteem Scale [54]; 10
items, scale 1-4, range 10-40).

College-Related Outcomes

To evaluate presenteeism and loss of productivity, the
Presenteeism Scale for Students' ([55]; translated) subscale for
work impairment (Work Impairment Scale; 10 items, scale 1-5,
range 10-50) was administered. Productivity losses were
assessed by an adaption of the Presenteeism Scalefor Students
work output scale, investigating the current percentage to which
participantswere ableto reach their usual academic productivity.
Productivity could be rated on a visual analog scale ranging
from 0%= completely unproductive to 100%= full productivity.
Academic self-efficacy was measured by the academic
self-efficacy scale (Wirkstud [56]; 7 items, scale 1-4, range
7-28), and academic worrying using the Academic Worrying
Questionnaire ([57]; trand ated; 10 items, scale 0-4, range 0-40).

Additional Measures

Additional questionnaires assessed demographic variables, prior
contact with professional health providers, and satisfaction with
the intervention (IG only; Client Satisfaction Questionnaire,
adapted to the web context, CSQ-8 [58]; 8 items, scale 1-4).
Treatment credibility and expectancies were measured at
baseline by the Credibility and Expectancy Questionnaire ([59];
translated; 4 items, scale 1-5, range 4-20, 2 items, 0%-100%).
Participants in the IG could give feedback on each modules
usefulness (1= not useful at all, 5= very useful), complexity (1=
very complex, 5= very easy), and duration until termination (1=
less than % hour, 5= more than 1% hours) on a 5-point Likert
or 4-point scale, respectively.

Statistical Analyses

Main Effectiveness Evaluation

All resultsare reported according to the Consolidated Standards
of Reporting Trials statement ([60]; see Multimedia Appendix
3). Analyses based on theintention-to-treat (I TT) principlewere
conducted, with missing data imputed using a Markov chain
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Monte Carlo multivariate imputation algorithm (multiple
imputation functions in IBM SPSS 23; IBM Corp, Armonk,
NY, USA) with 100 estimations per missing and all variables
set as predictors for imputation. Imputed datasets were then
aggregated to obtain 1 imputed dataset.

The hypothesized superiority of the internet intervention was
tested with regard to (1) changein participants’ perceived stress
and secondary outcomes from baseline (T1) to post intervention
(T2) and 3-month follow-up (T3), (2) the number of participants
with treatment response, (3) the number of students achieving
closeto symptom-free status, and (4) the amount of participants
who experienced symptom deterioration.

Differences in change of perceived stress between study arms
were assessed using univariate anaysis of covariance
(ANCOVA) with scores at baseline as covariate to control for
varying degrees of baseline scores. Effect sizes (Cohen's d)
were cal cul ated based on the imputed dataset for between-group
differences, using the pooled 1G and WCG SD [61]. To calculate
95% Clss, the formulaby Rosnow and Rosenthal [62] was used.
According to Cohen [63], d=0.2 can be considered asmall effect,
d=0.5 amedium and d=0.8 a large effect. A significance level
of .05 (2-sided) was used for all analyses.

To ascertain the number of participants attaining a reliable
improvement in stress symptomatol ogy, participantswere coded
as responders or nonresponders according to the Reliable
Change Index [64]. Accordingly, response was attained when
participants' scores on the PSS-4 differed more than -2.17
points from baseline to T2 and T3, respectively. Furthermore,
the numbers needed to treat (NNT) to achieve 1 additional
treatment response were calculated. Negative effects of the
intervention were evaluated by the number of participants with
reliable symptom deterioration concerning perceived stress
through the Reliable Change Index. Participants were defined
as symptom-free when scoring more than 2 SDs below the mean
at baseline for the full sample (PSS-4 <7.29).

Subgroup Analysis

To estimate the interventions' efficacy in aclinical population,
asubgroup analysis was conducted including only participants
with a score of >17 on the CES-D short form at baseline and
following the same procedure as the main analysis. A score of
18 has been shown to be a valid cut-off in indicating a high
probability of clinical depression [65]. Participants were
classified as responders if they showed reliable change in
depressive symptoms according to the Reliable Change | ndex.

Study Completer Analysis

Completer analysis based on the sample of participants who
provided data at al 3 assessment points was conducted
additionally as a sensitivity analysis.

Process Evaluation

Descriptive statisticswere used for process eval uation. To assess
overall user satisfaction across various domains, item data
provided by the CSQ-8 was examined individually. Acceptance
of intervention modules was analyzed using the module
feedback of the I1G. Adherence was assessed by analyzing
intervention completion rates tracked within the intervention
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platform. Finally, we analyzed the proportion of participants
who accessed the diary app and requested automated short
messages via SMS.

Results

Recruitment for the study started on May 9, 2016. The last
follow-ups were completed on January 30, 2017.

Participants

The study flow can be found in Figure 1. Participantswho were
lost to follow-up at T2, T3, or both assessments did not differ
significantly from participants who adhered to the protocol on
any basdline characteristic (all P>.05). Table 1 summarizes
detailed baseline characteristics of study participants. The
majority (76.8%, 106/138) of the participants indicated that
they had not consulted a physician, psychotherapist, or counselor
for their health-related problems and may thus be considered
first-time help-seekers. Descriptive data including al 3
assessment pointsfor all outcomesisdepicted in Table 2. Both
study arms did not differ significantly (all P>.05) on any
characteristic at baseline.

Main Effectiveness Analysis

Changesin Perceived Stress

As hypothesized, the ANCOVA controlling for baseline scores
revealed a significant effect for perceived stress at posttest
(F1,147=19.70, P<.001) and at 3-month follow-up (F; 14,=15.10,

P<.001; see Table 3), with moderate to large effect sizes at both
T2 (d=0.69; 95% CI 0.36-1.02) and T3 (d=0.57; 95% ClI
0.24-0.89).

Treatment Response for Perceived Stress

Chi-sguared tests revealed that significantly more participants
inthe 1G (69%, 52/75) were classified as responders compared
with the WCG (35%, 26/75) at posttest (x%=18.1, P<.001),
resulting in an NNT of 2.89 (95% CI 2.01-5.08). At 3-month
follow-up, 55 of 75 participants in the 1G (73%) and 33 of 75
inthe WCG (44%) were coded as responders (x%,=13.3, P<.001)
which equalsan NNT of 3.41 (95% CI 2.25-7.00).

Symptom-Free Status for Perceived Stress

Symptom-free status was achieved by significantly (x21=6.7,
P=.01) more participantsin the |G ( 44%, 33/75) compared with
the WCG (24%, 18/75) at T2, and at T3 (1G: 53%, 40/75; WCG:
35%, 26/75) with x,=5.3 (P=.02), resulting in an NNT of 5
(T2; 95% CI 2.87-19.31) and 5.36 (T3; 95% Cl 2.92-32.66),
respectively.

Symptom Deterioration for Perceived Stress

Only a small proportion of participants experienced symptom
deterioration. Fewer participants stress symptomatology
deteriorated in the 1G (0%, 0/75) compared with the WCG,
where 7 of 75 (9%) participants symptoms deteriorated
(x?=7.3, P<.001; NNT=10.58, 95% C| 6.19-44.18) at T2.
Symptom deterioration did not differ at T3, with 1 case of 75
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participants (1%) in the 1G and 3 of 75 (4%) in the WCG

Table 1. Baseline characteristics.
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(x%=1.0, P=.31).

Characteristics

All participants (N=150)

Intervention (N=75) Control (N=75)

Sociodemographics

Ageinyears, mean (SD) 24.1(4.1) 24.0 (4.6) 24.2 (3.6)
Gender, female, n (%) 112 (74.7) 54.(72) 58 (77)
In arelationship, n (%) 79 (52.7) 39 (52) 40 (53)
Married, n (%) 6 (4.0) 4(5) 2(3)
Major
Business & Economics, n (%) 33(22.0) 16 (21) 17 (23)
Computer Science & Engineering, n (%) 13(8.7) 9(12) 4 (5)
Education, n (%) 17 (11.3) 7(9) 10 (13)
Humanities, n (%) 12 (8.0) 5(8) 7(9)
Law, n (%) 6(3.3) 2(3) 4(5)
Medicine, n (%) 15 (10.0) 7(9) 8(11)
Natural Sciences, n (%) 20(13.3) 11 (15) 9(12)
Social Sciences, n (%) 34(22.7) 18 (24) 16 (21)
Number of semesters (previous studiesincluded), mean (SD) 6.7 (3.6) 6.4 (3) 7.07 (3.9)
Type of tertiary education facility, n (%)
College 119 (79.3) 56 (74) 63 (84)
University of Applied Sciences 31(20.6) 19 (25) 12 (16)
Housing situation, n (%)
Alone 31(20.7) 18 (24) 13 (17)
Flat share 95 (63.3) 48 (64) 47 (63)
With parents 24.(16.0) 9(12) 15 (20)
Main source of funding, n (%)
Parents 64 (42.7) 33 (44) 31 (41)
Job 48 (32.02) 25 (33) 23(31)
Loan 34(22.7) 15 (20) 19 (25)
Partner 2(L3) 1(1) 1(2)
Scholarship 213 1(1) 1(1
Secondary Outcome Analysis Subgroup Analysis

Table 3 summarizes the results of the ITT analyses for the
secondary outcomes. ANCOVAS revealed significant effects
(P<.05) in favor of the |G for the majority of outcomes at both
assessment points, with effect sizes ranging from d=0.33 (95%
Cl 0.01-0.65) for productivity (T2) to d=0.82 (95% ClI
0.49-1.15) for emotiona exhaustion (T2). No statistically
significant effect was found for perfectionism (Fy 14,=0.38,
P=.53) at T2, but at T3 (P<.001). Resilience (T2: Fy 14,=1.69,
P=17, T3. F;14=2.94, P=.08), sdf-compassion (T2
F1147=2.97, P=.09; T3: Fy14,,=1.46, P=.23), and self-esteem
(T2: Fy147=0.15, P=.70; T3: Fy 14,=1.36, P=.25) did not differ
significantly between both study armsat both assessment points.

http://www.jmir.org/2018/4/e136/

More than three-fourths of the participants (77.3%; |G: 58/75;
WCG: 58/75) showed symptoms above the cut-off for clinically
relevant symptoms of depression at baseline. Between-group
effect sizes for depression in this subgroup were moderate to
large, both for T2 (d=0.67, 95% CI 0.34-1.00) and T3 (d=0.73,
95% CI 0.40-1.06). Treatment response was achieved by 36
(62%; T2) and 33 of 58 participants (57%, T3) in the IG
compared with 14 of 58 participants (24%; T2 and T3) in the
WCG, resulting in an NNT to achieve one additional treatment
response in the |G compared with the WCG of 2.64 (95% ClI

1.83-4.70) for T2 (x%=17.0, P<.001) and 3.05 for T3 (95% ClI
2.02-6.28, x*,=12.9, P<.001).
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Table 2. Means and SDs of the intervention group (intervention) and waitlist control group (control) for the intention-to-treat-sample at baseline,

posttest (7 weeks), and 3-month follow-up.

Outcome and assessment point

Intervention (N=75)

Control (N=75)

Mean (SD) Mean (SD)
Primary outcome
Perceived stress (low to high 0-16)
Baseline 11.13 (1.93) 11.03 (1.87)
7 weeks 7.43(2.93) 9.49 (3.06)
3 months 6.96 (2.73) 8.66 (3.26)
Mental health
Depression (0-45)
Baseline 24.31 (9.06) 23.97 (8.63)
7 weeks 15.88 (8.85) 21.47 (8.96)
3 months 16.79 (8.72) 21.92 (9.53)
Anxiety (6-24)
Baseline 16.05 (3.37) 15.77 (4.22)
7 weeks 13.37(3.52) 16.03 (3.48)
3 months 13.33(3.59) 15.50 (4.10)
Well-being (0-30)2
Baseline 8.01 (4.34) 8.81 (3.69)
7 weeks 11.93 (5.03) 9.36 (4.35)
3 months 12.62 (5.34) 10.57 (4.81)
Emotional exhaustion (5-30)
Baseline 21.63 (4.49) 22.27 (4.31)
7 weeks 18.43 (5.64) 22.36 (3.77)
3 months 20.04 (5.08) 22.30 (4.45)
Risk and protective factors
Dysfunctional perfectionism (8-56)
Baseline 44.29 (7.90) 43.89 (7.50)
7 weeks 43.02 (7.22) 43.45 (7.34)
3 months 41.05 (5.94) 44.33 (6.67)
Resilience (0-8)?
Baseline 4.80 (1.72) 4.79 (1.87)
7 weeks 5.38 (1.85) 5.05 (1.97)
3 months 5.56 (1.36) 5.17 (1.61)
Self-compassion (12-60)2
Baseline 33.95 (3.47) 34.54 (3.23)
7 weeks 34.95 (5.67) 34.16 (3.72)
3 months 35.25 (3.26) 34.78 (3.96)
Self-esteem (10-40)2
Baseline 29.25 (2.58) 29.20 (2.78)
7 weeks 29.14 (3.61) 28.93 (2.61)
3 months 30.10 (3.03) 29.54 (2.68)
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Outcome and assessment point

Intervention (N=75) Control (N=75)

Mean (SD) Mean (SD)
College-related outcomes
Academic work impairment (10-50)
Baseline 28.29 (5.34) 27.88 (5.39)
7 weeks 25.54 (5.83) 27.55 (6.13)
3 months 24.74 (5.06) 27.44 (6.22)
Academic productivity (percent)?
Baseline 52.79 (27.04) 54.30 (23.03)
7 weeks 60.36 (24.12) 52.36 (24.16)
3 months 67.76 (17.27) 58.21 (23.62)
Academic self-efficacy (7-28)2
Baseline 17.04 (4.46) 16.34 (4.04)
7 weeks 18.35 (4.03) 16.43 (4.12)
3 months 18.60 (3.86) 16.37 (4.12)
Academic wor rying (0-40)
Baseline 22.35 (6.63) 22.01 (6.01)
7 weeks 18.29 (6.16) 21.71 (5.94)
3 months 17.82 (6.97) 21.14 (6.18)
Treatment expectancies (0-100)
Baseline 62.34 (13.51) 62.44 (16.03)

3Higher scores indicate better outcomes.

Completer Analysis

The results of the completer analyses were similar to the ITT
analyses, with moderate to large between-group effect sizesfor
the primary outcome at T2 (IG: mean=6.72, SD 2.86; WCG:
mean=9.32, SD 3.16; F;g3=18.60, P<.001; d=0.85, 95% ClI
0.44-1.27) and T3 (IG: mean=6.41, SD 2.84; WCG: mean=8.65,
SD 3.43; Fy gg=13.41, P<.001; d=0.69, 95% CI 0.29-1.10). In
contrast to the main analysis, however, resilience had increased
significantly in the 1G compared with the WCG a T2
(F1,85=8.56, P=.004; d=0.46, 95% CI 0.06-0.86).

Process Evaluation

Adherenceto the I ntervention

On average, participantsin the | G completed 5.05 modules (SD
2.78), which equals 72.1% of the intervention. Participants
completed optional add-on modulesin the majority (82.1%) of
sessions in which they were available. Most participants

http://www.jmir.org/2018/4/e136/

completed rumination & worrying (59%, 44/75), whereas only
8 of the 75 participants completed social support (11%). Inall,
46 of the 75 participantsin the 1 G (61%) downloaded and logged
into the diary app at least once. Activation of the automated
SM S messages was requested by 4 of 75 participantsin the IG
(5%) during the study.

Client Satisfaction

Overal client satisfaction with the intervention was high (see
Table 4).

Perceived Usefulness, Difficulty, and Duration of
Sessions

Most participants described the 8 treatment modules as useful
and not overly complex (see Multimedia Appendix 4). Reported
session duration was high, with participants having spent the
most time on module 6 (Self-compassion; 28% spending more
than 1 hour 30 min, 10/36).
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Table 3. Resultsfor theintention-to-treat sample for analyses of covariancefor between-group effects, effect sizes (Cohen'sd) for primary and secondary
outcomes at posttest (7 weeks; T2) and 3-month follow-up (T3).

Outcome and assessment point Effect size ANCOVA?
Cohen'sd 95% ClI F 1147 P value
Primary outcome
Per ceived stress
7 weeks 0.69 0.36t0 1.02 19.70 <.001
3 months 0.57 0.24t00.89 15.10 <.001
Mental health
Depression
7 weeks 0.63 0.30t0 0.96 2231 <.001
3 months 0.56 0.24t00.89 16.62 <.001
Anxiety
7 weeks 0.76 0.43t01.09 28.20 <.001
3 months 0.56 0.241t0 0.89 14.68 <.001
Well-being
7 weeks 0.55 0.22t00.87 21.06 <.001
3 months 0.40 0.081t00.73 12.14 .001
Emotional exhaustion
7 weeks 0.82 0.49t0 1.15 30.67 <.001
3 months 0.59 0.26t00.92 8.93 .003
Risk and protective factors
Dysfunctional perfectionism
7 weeks 0.06 -0.261t0 0.38 0.38 54
3 months 0.52 0.19t00.84 15.79 <.001
Resilience
7 weeks 0.17 -0.15t0 0.49 1.69 17
3 months 0.26 -0.06 to 0.58 294 .08
Self-compassion
7 weeks 0.17 -0.16t0 0.49 297 .09
3 months 0.13 -0.19t0 0.45 1.46 .23
Self-esteem
7 weeks 0.07 -0.25t00.39 0.15 .70
3 months 0.19 -0.13t0 0.51 1.36 .25
College-related outcomes
Academic work impairment
7 weeks 0.34 0.01to 0.66 6.57 .01
3 months 0.48 0.15t00.80 10.57 .001
Academic productivity
7 weeks 0.33 0.01t00.65 4.29 .04
3 months 0.46 0.14t00.79 9.68 .002
Academic self-efficacy
7 weeks 0.49 0.16t0 0.81 12.74 <.001
3 months 0.56 0.23t00.88 17.98 <.001
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QOutcome and assessment point Effect size ANCOVA?
Cohen'sd 95% ClI F 1147 P value
Academic worrying
7 weeks 0.56 0.24t0 0.89 2741 <.001
3 months 0.50 0.18t00.83 16.04 <.001
3ANCOVA: analysis of covariance.
Table4. Clients satisfaction with the intervention (T2; Intervention Group only).
Ratings n (%)
Quiality of thetraining rated as excellent or good 59 (92)
Indication that the training was the kind of intervention they wanted to receive (generally or definitely) 51 (80)
Indication that the own needs were almost all or mostly met 47 (73)
Inclination to recommend the training to afriend in need of similar help 58 (91)
Satisfaction with the amount of help received (mostly or very satisfied) 51 (80)
Indication that the training has helped (agreat deal) to deal more effectively with problems 53 (83)
Satisfaction with the training in a general, overall sense (mostly or very satisfied) 55 (86)
Inclination to use the training again if in need for help 49 (77)

Discussion

Principal Findings

Results of thisstudy indicate moderateto large intergroup effects
for the reduction of perceived stress and other relevant health-
and college-related outcomes, as well as substantial effectsin
individuals with clinically relevant symptoms of depression,
which were highly prevalent in our recruited sample. No
significant effectswere found for self-compassion, perfectionism
(T2), resilience, and self-esteem.

The benefits of this intervention were larger than those found
in previoustrials evaluating internet-based stress interventions
in college students [19,20], albeit somewhat smaller than the
reported overall effect of technology-delivered skill training
interventions on perceived stress [18], and comparable to
internet-based stress interventions in general, as reported in a
recent meta-analysis, with a pooled standardized mean
difference of d=0.64 (95% CI 0.50-0.79; perceived stress) in
guided internet- and mobile-based interventions [66]. The study
further contributesto current literature by showing that targeting
perceived stressin students does not only result in better mental
health—related outcomes and well-being but can also have a
substantial beneficial impact on college-rel ated outcomeswhich,
to the best of our knowledge, have not been investigated so far.

Participants’ adherence to the intervention was satisfying, and
the intervention was well accepted among the large mgjority of
students. Participant feedback on the length of specific modules,
however, suggests that participants may have spent more time
than anticipated on some of the modul es. Thismay indicate that
some modules could be shortened to attempt to further improve
adherence. Whether shortening might, in fact, result in higher
adherenceto theintervention, however, isnot fully clear. Earlier
research has reported higher adherence rates for shorter

http://www.jmir.org/2018/4/e136/

interventions, albeit focusing on the number of modules used
[67]. Whether this effect also holdstruefor the length of specific
modules remains unknown. Shortening some of the modules
might potentially optimize adherence but may also compromise
the intervention’s overal efficacy due to less potentially
beneficial information or techniques being conveyed and trained.
It has been argued that various ways in which participants
prioritize provided content may lead to positive outcomes, and
the ability to progress through interventions at one's own pace
might represent akey asset of internet-delivered treatment [68].
Qualitative interviews conducted with participants of this
intervention suggest that the elective mini-modules for various
student-relevant topics were very well accepted [69]. Providing
larger amounts of content in aflexible way, alowing participants
totailor theintervention to their specific needs, could, therefore,
be a promising approach to optimize intervention usage patterns
[70]. However, research is warranted to test whether this might
further increase adherence.

Limitations

This study has some limitations. First, women were
overrepresented in the study sample, as frequently seen in
preventive interventions. Second, study dropout in the IG at
3-month follow-up was relatively high and larger in the IG.
Albeit being acommon limitationin clinical trial research [71],
and with differential dropout rates having been reported before
for internet-based stressintervention trialsin tertiary education
students[72,73], thisrestrictsthe generalizability of our findings
on long-term effects. Attrition analysis, however, did not result
in any significant baseline differences between dropout and
nondropout cases, which may be an indicator that results were
not overly biased due to unegqual dropout [74]. Third, because
of ethica reasons, participants had full access to
treatment-as-usual. Thus, we cannot rule out potential
cointervention effects due to utilization of health services.
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Finally, because of feasibility and ethical reasons, such as not
denying one half of the sample access to the intervention they
sought after, participantsin the |G of this study were compared
with a WCG to assess effects of the training. The influence of
treatment and change expectancies have been discussed as an
artifact in clinical evaluation trials using WCGs because they
potentially discourage participants with delayed access to
treatment to initiate health-related behavior changes, and thus
lead to accentuate effects[75].

Most college students with depression do not seek treatment
through conventional health care channels[76], and attitudinal
barriers, such asfear of stigmatization, have been shown to have
a large impact on treatment utilization [77]. As our findings
indicate that (1) a large number of students in this sample did
not use conventional treatment options before, (2) the majority
of students who were willing to use this intervention reported
clinically significant symptoms of depression, and (3) among
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this group, the treatment response was favorabl e; future studies
should explore whether internet-delivered stress interventions,
labeled as providing “ support for coping with academic stress,”
might potentially attract students with symptoms of depression
who would not use formal mental health treatment and whether
they can reduce theincidence of depressive disorders[8]. Future
studies should thus investigate the utility of internet and
mobile-based interventions in affected students, that is, with
symptoms of major depression, as an indicated preventative or
early intervention approach to narrow the treatment gap and
improve academic functioning [4].

Conclusions

In conclusion, internet- and mobile-based interventions could
be an acceptable, effective, and potentially cost-effective
approach to reduce the negative consequences associated with
college-related stress.
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