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Abstract

Background: A large proportion of university students show symptoms of common mental disorders, such as depression,
anxiety, substance use disorders and eating disorders. Novel interventions are required that target underlying factors of
multiple disorders.

Aims: To evaluate the efficacy of a transdiagnostic trait-focused web-based intervention aimed at reducing symptoms of
common mental disorders in university students.

Method: Students were recruited online (n = 1047, age: M = 21.8, SD = 4.2) and categorised into being at high or low risk for
mental disorders based on their personality traits. Participants were allocated to a cognitive-behavioural trait-focused
(n = 519) or a control intervention (n = 528) using computerised simple randomisation. Both interventions were fully
automated and delivered online (trial registration: ISRCTN14342225). Participants were blinded and outcomes were self-
assessed at baseline, at 6 weeks and at 12 weeks after registration. Primary outcomes were current depression and anxiety,
assessed on the Patient Health Questionnaire (PHQ9) and Generalised Anxiety Disorder Scale (GAD7). Secondary outcome
measures focused on alcohol use, disordered eating, and other outcomes.

Results: Students at high risk were successfully identified using personality indicators and reported poorer mental health. A
total of 520 students completed the 6-week follow-up and 401 students completed the 12-week follow-up. Attrition was
high across intervention groups, but comparable to other web-based interventions. Mixed effects analyses revealed that at
12-week follow up the trait-focused intervention reduced depression scores by 3.58 (p,.001, 95%CI [5.19, 1.98]) and anxiety
scores by 2.87 (p = .018, 95%CI [1.31, 4.43]) in students at high risk. In high-risk students, between group effect sizes were
0.58 (depression) and 0.42 (anxiety). In addition, self-esteem was improved. No changes were observed regarding the use of
alcohol or disordered eating.

Conclusions: This study suggests that a transdiagnostic web-based intervention for university students targeting underlying
personality risk factors may be a promising way of preventing common mental disorders with a low-intensity intervention.
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Background

The transition from school to higher education is associated

with a rise in the incidence of mental health problems, due to the

multiple stressors and life-style changes involved [1,2]. Compared

to age-matched controls, university students have increased

symptoms of mental ill health and the number of students with

symptoms of mental disorders is rising [3]. A large proportion of

university students reports depressive symptoms, moderate to

severe levels of anxiety [4], heavy drinking [5] and symptoms of

eating disorders [6]. These common mental health problems in

students are disruptive to their education (e.g. in terms of impaired
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performance, deferment of courses, dropping out) and emotional

development [7]. Prevention delivered via the internet may be a

good way of engaging at risk students, as it is flexible and in

keeping with young people’s preferred route for seeking help [8,9].

Although such approaches exist, to date, most preventative efforts

have usually focused on single disorders such as depression and

anxiety [10,11], alcohol misuse [12,13] or eating disorders [14,15],

typically targeting individuals with early symptoms or partial

syndromes. A recent review of technology-based student mental

health interventions suggested that 30% of such interventions are

not effective and that some have not been specifically designed for

students [16]. Comorbidity between common mental health

problems is the norm [17,18] and these disorders have overlapping

aetiologies in terms of genetic and personality factors and

associated information processing styles. Trait anxiety is associated

with the development of depression and anxiety [19] as well as

eating disorders [20]. High levels of perfectionism have been

linked with depression [21], anxiety disorders [22] and eating

disorders [23]. Low self-esteem is considered to be a risk factor for

depression [24], substance use disorders [25] and eating disorders

[26].

Thus, an approach that targets underlying vulnerability factors

rather than only disorder-specific symptoms may allow for more

efficient prevention of common mental health problems [27,28].

We developed a transdiagnostic trait-focused web-based interven-

tion targeting personality risk factors with the aim to prevent

common mental disorders in university students. This is the first

intervention to target multiple mental disorders in students by

addressing shared risk factors. The study presents a randomised

controlled trial of the intervention compared to an active control

intervention. We firstly hypothesised that students at high risk for

developing common mental disorders can be identified using

personality variables. Our second and main hypothesis was that

the trait-focused intervention would reduce depression and anxiety

in students at high risk. Finally, we hypothesised that the

intervention would improve other outcomes including disorder

specific (alcohol use and disordered eating) and personality

variables (self-esteem, perfectionism) in students at high risk.

Method

Participants
Undergraduate and postgraduate students aged 18 or older

were recruited between October 2011 and January 2012 via email

circulars from two major London universities, inviting them to

participate in a study on personality strengths and weaknesses. The

recruitment email was sent to approximately 95,000 students.

There were no exclusion criteria. Given the online recruitment

procedure and the age of participants, it was assumed that students

would have sufficient internet literacy to participate. Students were

offered a £15 voucher for an online shopping site by way of thanks

for their time upon completion of all assessments. Ethical approval

for the study was given by the King’s College London Psychiatry,

Midwifery and Nursing Research Ethics Sub-committee (REF

PNM 10/11-101) and the University College London Research

Ethics Committee (no reference number provided).

Design and procedure
The protocol for this trial and supporting CONSORT checklist

are available as supporting information; see Checklist S1 and

Protocol S1. This study was a parallel-group, placebo-controlled,

blinded randomised controlled trial. To participate, students had

to register and create an online account on the project website,

after providing informed consent. All participants involved in this

study provided informed consent by clicking a checkbox on the

online information sheet, as there was no personal contact with

potential participants. This procedure was approved by the

involved ethics committees (see above) and access to the website

was only granted after providing consent. Participants had to

provide a valid email address, information about their age, course,

university, ethnicity, height and weight. Upon completion of the

baseline assessment, students received access to the fully-automat-

ed web-based intervention. An active control intervention was

included and participants were blinded with regard to the

intervention received. The randomisation sequence was generated

within the web-based intervention, following a simple randomisa-

tion principle. Given that data collection was conducted online, no

assessor bias was present. Immediate summative and normative

feedback was provided with respect to each questionnaire

following guidelines for personalised computerised feedback [29].

Six and 12 weeks after completing the baseline assessment

(between January 2012 and May 2012), participants received an

email reminder for the follow-up assessments. The final follow-up

assessment could only be completed if the 6-week follow-up had

been completed. Participants could contact the principal investi-

gator only for technical issues and received no other type of

personal support. This trial was retrospectively registered, as the

authors were unaware of the journal requirements. No changes to

the protocol were made. The authors confirm that all ongoing and

related trials for this intervention are registered.

Interventions
Transdiagnostic trait-focused online intervention. This

was called ‘‘PLUS’’ (Personality and Living of University Students)

and was described as an online resource for students to learn more

about their strengths and weaknesses, and how to deal with the

challenges of student life. The intervention consisted of five

cognitive behavioural modules addressing a range of cognitive and

behavioural interventions that aimed to help users identify

strengths, and build on their weaker coping strategies. Underlying

the content, a simple to understand CBT self-assessment model

using the Five Areas approach was used [30]. This model has been

used in a number of published book and online self-help resources

and has also been found to be effective in previous RCTs for

depression [31], medically unexplained symptoms [32], and eating

disorders [33]. An introductory module explains basic cognitive

behavioural principles, such as the connection between thoughts,

feelings, physical sensations and behaviour. The remaining

modules target low self-esteem, trait anxiety and worry, perfec-

tionism, and emotional dysregulation. Participants could complete

modules in any order. Each module focuses on the potentially

negative impact of personality traits on certain aspects of life and

how students can overcome this. Hence, the modules do not aim

to modify personality risk factors, but were designed to help

students recognize and reduce unhelpful behaviours and thoughts

resulting from certain personality risk factors. Table 1 outlines the

content of the intervention modules. The modules were chosen

based on a review of risk factors of common mental disorders in

students, a review of existing intervention for the students, as well

as a series of focus groups with students. Each module content was

developed by the authors of this paper and in collaboration with

other clinical colleagues and students (as potential consumers of

the intervention). Modules were text-based and included photo-

graphic and other illustrations throughout. Completion of each

module approximately takes 20 to 40 minutes.

Control Intervention. This consisted of three online mod-

ules addressing relevant topics of student life, namely how to find

accommodation, how to live on a tight budget, and study skills

Trait-Focused Web-Based Prevention

PLOS ONE | www.plosone.org 2 April 2014 | Volume 9 | Issue 4 | e93621



(time management, working with scientific texts). Students could

complete these modules at any time. For that reason, the second

time of measurement was chosen as the primary time point of

comparison. The choice of modules for the control intervention

was based on results of a series of focus groups with students. In

these focus groups, students were asked to identify major

challenges of student living when they entered higher education

and throughout their studies. Student identified social challenges

(e.g. meeting new people), practical challenges (e.g. money,

housing), academic challenges (e.g. workload) and adjustment

challenges (e.g. increased responsibility). Based on these findings,

the control intervention was designed to support students with the

practical and academic challenges. Modules were text-based and

included photographic and other illustrations throughout. Com-

pletion of each module in the control group takes approximately

15 to 30 minutes.

Measures
Personality trait measures. To assess whether a participant

was at high risk for developing common mental disorders, four

personality traits (Neuroticism, Concern over Mistakes, Doubts

about Actions and Hopelessness) derived from different measures

were used in a logistic regression model to identify students at high

risk. This regression model is based on results from a previous

study, in which students (N = 425) were assessed on a range of

personality and mental health variables. Using cluster analysis,

students were grouped into those reporting sub-threshold mental

health problems and those who reported no symptoms. A logistic

regression model was developed that allows identifying the risk

status of an individual based on their personality. The personality

domains Neuroticism, Concern over Mistakes, Doubts about

Actions and Hopelessness best predicted risk and correctly

classified 86.6% of students.

Neuroticism is associated with the development of depression

and anxiety [19] as well as eating disorders [20]. To assess

neuroticism, the short version of the revised NEO Five-Factor

Personality Inventory (NEO-FFI) [34] was used, which assesses

personality on the domains: Neuroticism, Extraversion, Openness,

Agreeableness and Conscientiousness. The test authors have

reported internal consistencies with Cronbach’s a ranging from

.86 to .92 and test-retest reliabilities of .79 to .83 [34].

To assess Concern over Mistakes and Doubts about Actions, the

Frost Multidimensional Perfectionism Scale (FMPS) was used.

This self-report measure assesses perfectionism on the dimensions:

Concerns over Mistakes, Personal Standards, Parental Expecta-

tions, Parental Criticism, Doubts about Actions, and Organization

[35]. High levels of perfectionism have been linked with depression

[21], anxiety disorders [22] and eating disorders [23]. In the

present study, only the subscales Concern over Mistakes, Personal

Standards and Doubts about Action were included, as these are

the most robust facets of the questionnaire [36]. The original

authors of this questionnaire demonstrated a good reliability of the

FMPS. Internal consistencies (Cronbach’s a) for the subscales

ranged from .77 to .93 and an overall internal consistency of .90

was reported.

The Substance Use Risk Profile Scale (SURPS) is a self-report

measure assessing four personality profiles with different motiva-

tions for the use of alcohol and drugs [37] and was used in this

study to assess Hopelessness (H). The Hopelessness scale assesses to

what extent the individual habitually feels unhappy or negative

towards the future. Hopelessness play an important role in the

development of depression and is associated with suicidal ideation

[38]. In a study with 462 undergraduates by Woicik et al. [37] an

internal consistency of .86, as well as a test-retest reliability of .75

for the hopelessness subscale was reported.

Outcome measures. The Patient Health Questionnaire 9

(PHQ-9) [39]: This commonly used 9-item self-report question-

naire assesses depressive symptoms over the previous two weeks.

The PHQ-9 has a high internal consistency of .89 and a good test-

retest reliability of .84 [39]. Generalised Anxiety Disorder scale

(GAD-7) [40]: This seven-item-scale assesses the frequency of

anxiety symptoms within the past two weeks. The GAD-7 has

excellent internal consistency (Cronbach’s a= .92) and a good test-

retest reliability of .83 [40]. Alcohol Use Disorders Identification

Test (AUDIT): This self-report measure by the World Health

Organization [41], was used to assess presence of harmful drinking

patterns over the previous year. The reliability of the AUDIT in a

student sample was investigated by Fleming et al. [42]. They

reported the internal consistency (Cronbach’s a) as .80 and a

Table 1. Outline of trait-focused intervention content.

Module Content

Introduction Introduction to cognitive-behavioral principles

5 areas assessment model

impact of personality on behaviour

Perfectionism Positive and negative aspects of perfectionism

Unhelpful patterns of perfectionistic thinking

Identifying and challenging perfectionistic thoughts and behaviour

Self-esteem Sources of self-esteem

Unhelpful behaviour as a result of low self-esteem

Strategies for overcoming low self-esteem

Anxiety and worry Behavioural consequences of trait-anxiety and worry

Strategies for identifying and reducing the impact of trait-anxiety and worry

Dealing with difficult emotions Function and consequences of emotions

Emotional instability (Neuroticism) and unhelpful behaviour

Strategies for emotional regulation

doi:10.1371/journal.pone.0093621.t001
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sensitivity of 84% at a cut-off of 11. The test-retest reliability of the

AUDIT is reported as .86 by the authors of the measure [41]. The

Eating Disorders Diagnostics Scale (EDDS) [43] was used to assess

symptoms of eating disorders over the previous three months. A

symptom composite was obtained by summing the responses of all

items apart from those referring to weight, height and the use of

oral contraceptives. The authors of the measure reported a one-

week test-retest reliability of r = .87 for the symptom composite.

Perfectionism was assessed using the Frost Multidimensional

Perfectionism Scale (see above). The Rosenberg Self-Esteem Scale

(RSES) [44] was used to assess self-esteem. In a study with

university students, a test-retest reliability of .84 was observed after

a period of four weeks [45]. The WHOQOL-BREF [46] is a self-

report measure which assesses quality of life on four different

domains: physical health, psychological health, social relationships,

and environment. In the original validation study, good internal

consistencies for the domains were reported with Cronbach’s a
ranging from .66 (social relationships) to .84 (psychological health).

The test-retest reliability in the same study was reported to range

from .66 for physical health to 0.87 for environment [47]. The

environment scale was omitted from the questionnaire in this

study, as it assesses the availability of different resources (e.g.

financial, health care), which would not be influenced by the

intervention.

At the 12-week follow-up assessment, students were asked to

complete an optional questionnaire on the satisfaction with the

online intervention. This questionnaire included visual analogues

scale on helpfulness of the automated feedback, the helpfulness of

the intervention, and the ease of use and design of the website.

Statistical analyses
To detect students at high risk for developing common mental

disorders, a binary logistic regression model was used, classifying

students according to their personality. Given the transdiagnostic

character of the intervention, two primary outcomes were used in

this study: PHQ-9 and GAD-7 scores. Secondary outcomes were

self-esteem, perfectionism (FMPS), alcohol misuse (AUDIT), and

disordered eating (EDDS). Independent sample t-tests were used to

compare students at high risk and low risk on primary and

secondary outcomes.

Linear mixed models were used to evaluate the efficacy of the

intervention. Each outcome was analysed by a separate model.

Students’ risk status and assessment time were included as

predictors (independent variables) into the model, as well as a

two-way interaction term for intervention group 6 assessment

time and a three-way interaction term for intervention group 6
assessment time 6risk status. A random intercept for each subject

was included in the model. Predictors were entered untransformed

and an unstructured covariance matrix and maximum likelihood

estimation were used. Using logistic regression models, we assessed

whether any baseline variable predicts missingness of data, as

linear mixed models only provide valid estimates if data is missing

at random. Contrasts analysis was carried out to compare baseline

scores against results from the 12-week follow-up and to compare

both interventions at 12-week follow-up. Analyses were carried out

using the SPSS statistical software package (version 20). An a priori

sample size calculation was conducted: To detect a medium effect

(f2 = 0.15) in students at high risk in a linear regression model at a

power of 0.95 and a significance level of 5%, and assuming a

correlation between measures of r = .5, a sample size of N = 196 is

required. To account for the fact that approximately only 20% of

students are at high risk for developing mental health problems [4]

and an estimated dropout rate of 30%, the total sample size

required is N = 700.

Results

Enrolment and Students at High Risk
A total of 1141 students created an online profile with the

website. Table 2 shows demographic characteristics of the entire

sample and the randomisation groups at baseline. Intervention

groups were tested for differences on demographic and baseline

variables and no significant differences were found. Of those

students, 1047 completed all baseline measures and were

randomised to an intervention. The results of the logistic

regression suggested that 17.4% of students who completed the

baseline assessment were classified as high risk for the development

of common mental disorders using personality variables and the

logistic regression model. Table 3 shows the difference between

students at high and low risk on all baseline measures. Given the

number of variables, a Bonferroni correction was applied lowering

the level of significance to .0045%.

Using a logistic regression model developed in a previous study

(Musiat et al., in preparation), students were grouped into high

and low risk for developing mental health problems. In this model,

students with a combination of high levels of Neuroticism (NEO-

FFI), Concern over Mistakes (FMPS), Doubts about Actions

(FMPS) and Hopelessness (SURPS) are considered at high risk. At

baseline, students at high risk were found to report higher levels of

depression and anxiety as well as higher levels of disordered eating,

Table 2. Demographic Characteristics of Participants at
Baseline.

Baseline Characteristic Entire sample
Trait-
focused Active control

Age: Range (Mdn) 18–57 (21) 18–52 (21) 18–57 (21)

Sex: n (%)

Female 804 (70.5) 372 (71.7) 358 (69.6)

Male 337 (29.5) 147 (28.3) 156 (30.4)

BMI: M (SD) 22.0 (3.7) 22.0 (3.6) 21.9 (3.8)

Year of studies: Range (Mdn) 1–6 (1) 1–6 (1) 1–6 (1)

Ethnicity: n (%)

British Asian 87 (8.4) 44 (8.5) 43 (8.4)

Asian other 145 (14.0) 68 (13.1) 77 (15.0)

Black British 10 (1.0) 3 (0.6) 7 (1.4)

Black other 1 (0.1) 1 (0.2) 0 (0.0)

Other 77 (7.5) 36 (6.9) 41 (8.0)

White British 503 (48.7) 257 (49.5) 246 (47.9)

White other 210 (20.3) 110 (21.2) 100 (19.5)

Marital status: n (%)

Divorced 2 (0.2) 0 (0.0) 2 (0.4)

Living together 110 (10.6) 67 (12.9) 43 (8.4)

Married 35 (3.4) 18 (3.5) 17 (3.3)

Separated 3 (0.3) 2 (0.4) 1 (0.2)

Single 883 (85.5) 432 (83.2) 451 (87.7)

Housing situation: n (%)

Living alone 92 (8.9) 52 (10.0) 40 (7.8)

Shared accommodation 508 (49.2) 254 (48.9) 254 (49.4)

Student halls 302 (29.2) 141 (27.2) 161 (31.3)

With parents 131 (12.7) 72 (13.9) 59 (11.5)

doi:10.1371/journal.pone.0093621.t002
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higher perfectionism, lower self-esteem and lower quality of life on

all assessed domains. No differences between the groups at

baseline were found on the AUDIT score, suggesting that the

frequency of drinking and consequences related to drinking use are

comparable between high and low risk students. These findings

suggest that students classified as high risk according to their

personality show significantly poorer mental health on several

domains and report symptoms of some but not all common mental

disorders.

Attrition
Figure 1 shows the participant flow through the study. Half of

the students (50.3%) dropped from the trial at the 6-week follow-

up and a further 11.4% at 12-week follow up. Total attrition was

61.7% by 12 weeks. Therefore, 520 students completed the 6-

weeks follow up and 401 completed the 12-week follow up

assessment. To test whether or not students with higher

psychopathology were more likely to drop out, a chi-square test

was performed comparing the number of students at risk between

students who dropped out and those, who did not. No significant

differences in terms of the proportion of students at risk were

found between dropouts at T1 or T2 and completers. No

differences between the intervention and control group were

observed with regard to dropout.

Results from the logistic regression suggested that only physical

health as assessed with the WHOQOL and impulsivity as assessed

with the SURPS significantly predicted missingness/drop-out at 6-

week or 12-week follow-up. Students at high risk for developing

common mental disorders differed significantly on these variables

from students at low risk. As the risk status was included as a

predictor in the linear mixed model and shares variance with these

two variables, physical health and impulsivity were not included as

predictors in the model.

Summary data on the completion of the online modules

revealed that at 12-week follow-up in the control group, 81% of

students had fully completed an online module after starting it. In

contrast, within the trait-focused intervention group, on average

47% of students had completed a module at 12-week follow-up

after starting it. However, this data was not available on an

individual level thus a dose-effect relationship could not be

investigated.

Intervention effects
Table 4 shows the estimated marginal means and statistics from

the linear mixed model analysis and Table 5 shows the contrasts

analysis comparing baseline and 12-week follow-up. A significant

interaction between time, intervention group and risk status was

observed for depression and generalised anxiety, suggesting that

students at high risk showed greater reduction of depression and

anxiety. Within group effect sizes (Cohen’s d) for students at high

risk in the intervention group were 0.61 for depression and 0.56

for generalised anxiety, between group effect sizes were 0.58 and

0.42 respectively. Although the significant interaction effect

between time and intervention group suggest a general reduction

of depression and anxiety regardless of risk, the contrasts analysis

does not support this. No significant interactions were observed

regarding the use of alcohol or disordered eating. Contrasts

suggest a reduction of drinking in student at low risk, regardless of

the intervention received. Significant interactions between inter-

vention group and assessment time were observed for the

perfectionism scales Concern over Mistakes and Personal Stan-

dards. Estimated means on these scales suggest that Concern of

Mistakes and Personal Standards were reduced in the trait-focused

intervention, whereas scores in the control group increased. The

contrast analysis, however, did not support these results. No three-

way interaction for Concern over mistakes, Personal standards and

Doubts about actions was observed. In students at high risk, who

received the trait-focused intervention, Concern over Mistakes

scores were significantly reduced at 12-week follow-up. In students

at high risk and who received the trait-focused intervention self-

esteem was significantly increased (within group effect size

d = 0.23, between group effect size d = 0.06) and there was a

significant three-way interaction between assessment time, inter-

vention group and risk status. Participants did not report any

adverse events, e.g. in their feedback on the intervention or by

contacting the researcher.

Satisfaction with the intervention
Only 42% of students completed the optional user satisfaction

questionnaire. With regard to the helpfulness of the automated

feedback, students indicated a median score of 5 on a seven-step

rating scale ranging from ‘‘not helpful at all’’ (1) to ‘‘very helpful’’

(7). To the question whether the website was difficult or easy to

Table 3. Difference at baseline between students at high risk and low risk.

Scale Risk Mdiff [95% CI] p

Low (N = 859) M (SD) High (N = 181) M (SD)

Depression 5.31 (4.43) 14.57 (6.02) 29.26 [210.20, 28.32] ,.001

Generalised anxiety 3.89 (3.94) 11.43 (5.26) 27.54 [28.36, 26.71] ,.001

Alcohol use 6.22 (4.96) 7.16 (6.22) 20.93 [21.91, 0.04] .061

Disordered eating 5.26 (3.44) 8.36 (3.78) 23.10 [23.69, 22.52] ,.001

Concern over mistakes 23.98 (7.04) 34.29 (6.68) 210.31 [211.43, 29.19] ,.001a

Personal standards 24.93 (4.98) 26.38 (5.48) 21.44 [22.31, 20.57] .001

Doubts about actions 10.59 (3.32) 15.48 (2.89) 24.89 [25.37, 24.41] ,.001a

Self-esteem 20.21 (5.03) 10.15 (4.34) 10.06 [9.34, 10.78] ,.001

Physical health 16.14 (2.13) 13.29 (2.62) 2.85 [2.44, 3.26] ,.001

Psychological health 14.31 (2.61) 9.04 (2.68) 5.27 [4.85, 5.70] ,.001

Social relationships 14.01 (3.41) 10.66 (3.71) 3.35 [2.78, 3.91] ,.001

athese variable were used in the logistic regression model to classify students and show significant differences per definition.
doi:10.1371/journal.pone.0093621.t003

Trait-Focused Web-Based Prevention

PLOS ONE | www.plosone.org 5 April 2014 | Volume 9 | Issue 4 | e93621



use, students reported a median score of 6 on a seven-step rating

scale ringing from ‘‘very difficult’’ (1) to ‘‘very easy’’ (7). To what

extent students liked the design of the website, a median score of 5

on a seven-step rating scale ranging from ‘‘not at all’’ (1) to ‘‘very

much’’ (7) was reported. There were no significant differences with

regard to satisfaction ratings between the intervention conditions.

Discussion

This study aimed to investigate the efficacy of a transdiagnostic

trait-focused web-based intervention aimed at preventing common

mental disorders in students. It was hypothesised that students at

high risk for developing common mental disorders could be

identified according to their levels of trait anxiety, perfectionism

and hopelessness. This hypothesis was confirmed and students

identified by the logistic regression model showed significantly

poorer mental health compared to students at low risk. Our main

hypothesis was that the intervention would reduce current anxiety

and depression in students at high risk and this hypothesis was

confirmed. With regard to secondary outcomes, no reduction of

alcohol use, disordered eating or on the perfectionism subscales of

the FMPS was observed. Although contrasts suggested a slight

reduction of Concern over Mistakes in students at high risk, the

mixed model analysis did not support this. As hypothesised, self-

esteem was increased by the trait-focused intervention in students

Figure 1. Participant flow through the trial.
doi:10.1371/journal.pone.0093621.g001
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Table 4. Estimated means for intervention and control group, by risk status and results of the linear mixed models analysis.

Trait-focused Control Time 6group Time 6group 6 risk

Baseline 12 weeks Baseline 12 weeks

Variable Risk M (SE) M (SE) M (SE) M (SE) F p F p

Primary outcomes

Depression High 14.64 (0.51) 11.06 (0.70) 14.50 (0.49) 14.46 (0.74) 5.11 .002 4.83 ,.001

Low 5.29 (0.23) 5.04 (0.31) 5.32 (0.23) 5.36 (0.32)

Generalised anxiety High 12.01 (0.45) 9.14 (0.65) 10.95 (0.44) 11.26 (0.69) 5.25 .001 2.75 .018

Low 3.89 (0.20) 3.47 (0.29) 3.89 (0.21) 4.19 (0.30)

Secondary outcomes

Alcohol use High 7.89 (0.56) 7.47 (0.59) 6.48 (0.54) 5.95 (0.60) 1.29 .277 0.99 .422

Low 6.30 (0.25) 5.42 (0.27) 6.17 (0.25) 5.51 (0.27)

Disordered eating High 8.71 (0.39) 7.99 (0.51) 8.07 (0.37) 7.22 (0.52) 0.39 .761 1.45 .204

Low 5.13 (0.17) 4.99 (0.22) 5.28 (0.17) 4.92 (0.23)

Concern over mistakes High 34.71 (0.75) 32.28 (0.93) 33.90 (0.72) 34.22 (0.97) 3.04 .029 2.13 .060

Low 24.07 (0.34) 23.85 (0.42) 23.90 (0.34) 24.40 (0.43)

Personal standards High 27.21 (0.54) 26.45 (0.65) 25.61 (0.52) 26.34 (0.68) 2.68 .046 1.88 .097

Low 24.67 (0.24) 24.10 (0.29) 25.20 (0.24) 24.83 (0.30)

Doubts about actions High 15.72 (0.35) 14.91 (0.48) 15.25 (0.34) 15.77 (0.50) 2.38 .068 1.61 .155

Low 10.69 (0.16) 10.98 (0.21) 10.48 (0.16) 10.99 (0.22)

Self-esteem High 9.23 (0.53) 10.67 (0.68) 11.01 (0.51) 11.09 (0.71) 2.24 .082 3.10 .009

Low 20.18 (0.24) 19.82 (0.30) 20.25 (0.24) 19.90 (0.31)

doi:10.1371/journal.pone.0093621.t004

Table 5. Analysis of contrasts between baseline and 12-week follow-up.

Trait-focused Control

Variable Risk Mean difference [95% CI]a p Mean difference [95% CI]a p

Primary outcomes

Depression High 3.58 [1.98, 5.19] ,.001 0.04 [21.68, 1.75] 1.000

Low 0.25 [20.46, 0.97] 1.000 20.03 [20.78, 0.71] 1.000

Generalised anxiety High 2.87 [1.31, 4.43] ,.001 20.31 [21.97, 1.35] 1.000

Low 0.43 [20.26, 1.11] .415 20.31 [21.02, 0.41] .920

Secondary outcomes

Alcohol use High 0.42 [20.49, 1.33] .798 0.53 [20.44, 1.50] .575

Low 0.88 [0.47, 1.30] ,.001 0.66 [0.24, 1.09] .001

Disordered eating High 0.72 [20.17, 1.60] .156 0.85 [20.12, 1.82] .106

Low 0.15 [20.25, 0.54] 1.000 0.37 [20.04, 0.77] .090

Concern over mistakes High 2.42 [0.60, 4.25] .005 20.32 [22.29, 1.65] 1.000

Low 0.22 [20.59, 1.03] 1.000 20.50 [21.35, 0.34] .459

Personal standards High 0.75 [20.54, 2.05] .491 20.74 [22.13, 0.66] .617

Low 0.57 [20.01, 1.15] .053 0.37 [20.23, 0.97] .403

Doubts about actions High 0.81 [20.19, 1.82] .158 20.52 [21.60, 0.56] .752

Low 20.28 [20.73, 0.17] .392 20.51 [20.97, 20.04] .027

Self-esteem High 21.44 [22.74, 20.14] .024 20.08 [21.50, 1.34] 1.000

Low 0.36 [20.22, 0.94] .419 0.35 [20.25, 0.96] .477

aA Bonferroni correction was applied.
doi:10.1371/journal.pone.0093621.t005
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at high risk. In summary, our main hypothesis was confirmed,

whereas only partial support was found for the third hypothesis.

This study evaluated the first trait-focused web-based interven-

tion designed to address common mental disorders in students and

hence presented an innovative intervention with the potential of

large impact. Although prevention programs targeting mental

health in students exist, most target only one disorder and focus on

a subsample of students who exhibit symptoms. This study

provides further support for the idea of preventing mental

disorders by targeting underlying vulnerability factors, such as

trait-anxiety and emotional dysregulation [28]. Similar to the

study by Kenardy et al. [48], depression and anxiety could be

reduced in students at high risk for developing mental disorders.

Two main characteristics of the present study set it apart from

previous research. Firstly, students at high risk were identified

according to their personality characteristics and not by

symptomatology. Secondly, the intervention in this study targeted

several common mental disorders, including depression, anxiety,

substance use and eating disorders. Given that at baseline, the

differences between students at high risk and students at low risk

with regard to depression and anxiety were much larger than on

any other of the assessed variables, it is likely that changes in these

domains are easier to achieve than in others, resulting in larger

effect sizes. The intervention also improved self-esteem in students

at high risk. Very few interventions targeting self-esteem in

university students exist and often only as secondary outcomes in

the prevention of e.g. eating disorders [49,50]. Similar to this

study, the effects in such studies were often small [51]. No effects

were observed with regard to perfectionism. Although the role of

perfectionism in university students has been discussed extensively

in relation to loneliness, shyness and self-esteem [52]. or

adjustment and mental health problems [53], interventions

targeting perfectionism are rare and often produce only small

effects [54]. Given the relatively high stability of perfectionism

across age [55], it is possible that perfectionism is difficult to

modify with a brief web-based intervention.

Using the personality variables Neuroticism, Concern over

Mistakes, Doubts about Actions and Hopelessness, students at high

risk for developing common mental disorders were identified in a

logistic regression model. These findings support previous

evidence on student mental health, suggesting that approximately

20% of students are affected by symptoms of mental disorders,

such as low mood and anxiety [4]. It is interesting to note, that

students detected in this model show various symptoms of mental

disorders including disordered eating and low self-esteem.

Although we do not argue that personality variables have greater

diagnostic value with regard to detecting student at high risk for

common mental disorders, we think that they could be a useful

alternative to a symptom-focused assessment, particularly in the

context of prevention interventions. In addition, the inclusion of

personality risk factors addresses the limitation of diagnostic

criteria [28] and the overlap in aetiologies of common mental

disorders [19]. Instead of promoting the study in the context of

mental health, we introduced it to students as a study on

personality, strengths and weaknesses, resulting in great interest

from students and the large sample size. Recruitment attracted

more female then male students. Although both recruitment sites

had more female (61% and 54%) than male students during the

recruitment period, the proportion of female students in this study

was considerably higher (71%). It is possible that the study was

more appealing to female student, but may also reflect the gender

differences in the prevalence and help-seeking behaviour of

common mental disorders [56].

Differences found with regard to module completion can be

attributed to numerous factors. First, modules in the control group

were likely to appeal to a majority of students, whereas modules in

the trait-focused group were more relevant to students at high risk.

In addition, in the trait-focused group, student could download

PDF copies of the modules therefore eliminating the need to

complete them online. There were also fewer and shorter modules

in the control group. However, it has to be noted that despite the

differences in length and content between the trait-focused

intervention and the control intervention modules, there was no

difference in dropout rates between the intervention groups and

students rated the content of both interventions as helpful. In this

study, students could complete the intervention modules in any

order. It allowed students to flexibly access the resources they

considered potentially useful for them, guided by the feedback they

received in the baseline assessment. However, this requires a high

degree of motivation and is likely to have contributed to the low

rates of module completion, as there was no prescribed sequence

for completing the intervention.

This study did not include a personal support component.

Although personal support in computerised interventions is often

associated with higher efficacy and lower dropout [57], this

intervention was designed as a pure self-help resource that does

not require personal contact or support. Thus, the intervention

could also be widely implemented without the need for creating

additional infrastructure to accommodate more users.

Strengths and limitations
As the design was a randomised controlled trial (RCT), the

evaluation was controlled for possible confounders allowing a valid

evaluation of the efficacy. A large sample size was used and the

intervention was administered to all students regardless of their

risk status, which made it possible to examine whether the

intervention can be used universally. This sets it apart from other

studies, which focused on high-risk individuals only. Another

strength of this study was the inclusion of an active control group,

which is in accordance with the guidance on the development of

complex interventions by the Medical Research Council [58].

Feedback from students on the perceived helpfulness was positive

for both interventions. This suggests that despite the differences in

length, content and format, the active control was a credible

intervention. In addition, although the control intervention

addressed issues that were identified by students, it produced no

improvements with regard to students’ early symptoms of mental

health problems, which has important implications for the

prevention of common mental health disorders in students,

namely that addressing these common stressors, as is often done

within university services, does on its own not appear to be

effective in improving mental health in students.

One of the main limitations of this study is the short follow-up

period. It is possible that over time more students would have

made use of the student modules and that the techniques taught in

the modules take some time to induce change. However, this

choice was made based on the length of a university term. Another

limitation was that feedback on the intervention was only obtained

from individuals that fully completed the intervention making it

likely that the information assessed was biased. In the present study

using self-referring responders to advertising emails, no structured

interviews or other diagnostic tools were used to assess whether

students fulfilled the criteria for common mental disorders. Hence,

it was not possible to assess how many people are affected by a

disorder at clinical severity and whether the intervention worked

differently in those students.
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A large proportion of students who created an account with the

website dropped out from this study and this limits the

generalizability of the results. Although attrition in this study

was high (62%), the rate is within what is to be expected in a web-

based intervention trial (for a review, see Melville & Casey [59]).

The results particularly compare to a recent study investigating the

efficacy of MoodGYM (a web-based CBT intervention for

depression), which had similar follow-up periods of six and 12

weeks and reported an overall attrition of 74% in the intervention

group and only 27% in the waitlist control group [60]. These high

dropout rates highlight the difficulty of engaging university

students in a mental health intervention. It is possible that the

length and format of the intervention did not appeal to all students

and contributed to attrition. As students in this study did not

necessarily suffer from a diagnosed mental disorder, their initial

interest in the study diminished. The fact that a shopping voucher

was offered to students potentially further contributed to the high

attrition rates. Although this generated interest in a large number

of students, the incentive may not have been high enough for all

students to invest a considerable amount of time in the study. Thus

the high attrition may somewhat be an artefact of the large

number of students recruited at baseline. Both intervention

conditions included personalised computerised feedback. It is

possible that some students were primarily interested in the

assessment and the feedback and had no intention of going

through the intervention modules when signing up. After all, the

study was advertised as an opportunity for students to find out

about their strengths and weaknesses. In addition, adherence data

unfortunately were not available on an individual level. This

makes it difficult to assess whether the observed changes in the

intervention group can be attributed to students accessing a

particular intervention module. Although a high number of

students were recruited, the dropout was much higher than

anticipated. As a result, the study was underpowered to detect

small effect sizes.

Implications for future studies
The results from this study emphasise the need for mental

health interventions in university students, given the high

proportion of students reporting symptoms of mental disorders.

This study provided preliminary support for the efficacy of a

transdiagnostic trait-focused web-based targeted prevention pro-

gram as an efficient way of addressing common mental disorder in

university students, at least over a short time period. Furthermore,

to support students in their mental health it appears not enough to

provide them with material on common study-related issues, such

as study skills, finance or accommodation. The study demonstrat-

ed how personality traits can be used to identify students at high

risk for common mental disorders. Despite the potential of using

personality traits to transdiagnostically detect risk, they also offer a

non-intrusive and interesting opportunity to engage students in a

health intervention. Future applications could include a personal

support component to increase efficacy, reduce drop-out and to

manage risk [57].
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