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Abstract

Background: Against along-term trend of increasing demand, the COVID-19 pandemic has led to a global rise in common
mental disorders. Now more than ever, there is an urgent need for scalable, evidence-based interventions to support mental
well-being.

Objective: Theaim of this proof-of-principle study wasto eval uate the efficacy of amobile-based app in adultswith self-reported
symptoms of anxiety and stress in arandomized control trial that took place during the first wave of the COVID-19 pandemicin
the United Kingdom.

Methods: Adults with mild to severe anxiety and moderate to high levels of perceived stress were randomized to either the
intervention or control arm. Participants in the intervention arm were given access to the Foundations app for the duration of the
4-week study. All participants were required to self-report a range of validated measures of mental well-being (10-item
Connor-Davidson Resilience scale [CD-RISC-10], 7-item Generalized Anxiety Disorder scale [GAD-7], Office of National
Statistics Four Subjective Well-being Questions [ONS-4], World Health Organization-5 Well-Being Index [WHO-5]) and sleep
(Minimal Insomnia Scale [MISS]) at baseline and at weeks 2 and 4. The salf-reported measures of perceived stress (10-item
Perceived Stress Score [PSS-10]) were obtained weekly.

Results: A total of 136 participants completed the study and were included in the final analysis. The intervention group (n=62)
showed significant improvements compared to the control group (n=74) on measures of anxiety, with amean GAD-7 score change
from baseline of —1.35 (SD 4.43) and —0.23 (SD 3.24), respectively (t;3,=1.71, P=.04); resilience, with amean changein CD-RISC
score of 1.79 (SD 4.08) and —0.31 (SD 3.16), respectively (t13,=—3.37, P<.001); sleep, with amean MISS score change of —1.16
(SD 2.67) and —0.26 (SD 2.29), respectively (t3,=2.13, P=.01); and mental well-being, with a mean WHO-5 score change of
1.53 (SD 5.30) and —0.23 (SD 4.20), respectively (t;3,=—2.16, P=.02), within 2 weeks of using Foundations, with further
improvements emerging at week 4. Perceived stress was al so reduced within the intervention group, athough the difference did
not reach statistical significance relative to the control group, with a PSS score change from baseline to week 2 of —2.94 (SD
6.84) and —2.05 (SD 5.34), respectively (t;3,= 0.84, P=.20).

Conclusions: This study provides a proof of principle that the digital mental health app Foundations can improve measures of
mental well-being, anxiety, resilience, and sleep within 2 weeks of use, with greater effects after 4 weeks. Foundations therefore
offers potential as a scalable, cost-effective, and accessible solution to enhance mental well-being, even during times of crisis
such asthe COVID-19 pandemic.

Trial Registration: OSF Registries osf.io/f6djb; https://osf.io/lvm3xq

(JMIR Mhealth Uhealth 2022;10(7):€30976) doi: 10.2196/30976
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Introduction

Background

Mental illnessis ahighly prevalent and complex public health
issue. The total number of people with any mental health
disorder reached 792 million in 2017 [1]. Moreover, according
to the World Health Organization, the number of people with
common mental disorders (CMD) such as mild to severe
depression and anxiety is globally increasing over time [2].
These figures are worrying since mental health conditions
account for a greater burden of disease based on years lived
with disability [3] and they aso are the largest cost driver in
health care, estimated to reach over US $2.2 trillion and to rise
to nearly US $6 trillion by 2030 [4].

Within the context of the COVID-19 pandemic, the prospects
of the mental health status of society have become even more
concerning. Numerous reports have highlighted that during the
COVID-19 pandemic, poor mental health has been exacerbated
globally [5,6]. Inthe United Kingdom, the popul ation prevalence
of clinically significant levels of mental distressrosefrom 18.9%
(2018-2019) to 27.3% in April 2020 [7]. A recent study in the
United States showed a 3-fold increase in depressive symptoms
during the COVID-19 epidemic compared with the previous
rate [8]. More recently, a meta-analysis of 66 studies with
221,970 participants reported an overall pooled prevalence of
depression, anxiety, distress, and insomnia of 31.4%, 31.9%,
41.1%, and 37.9%, respectively [9]. Taken together, the
magnitude of the socioeconomic burden of CMD illustratesthat
the current model of mental health care has yet to be fully
optimized. Thus, better, more easily scalable interventions are
urgently needed.

Digital technol ogies have shown great potential to offer scalable,
easy-to-access, and timely solutions to increase the delivery of
psychotherapeutic  interventions and  evidence-based
recommendations for self-care and self-management [10,11].
During the COVID-19 pandemic, demand for thesetechnologies
has increased on a global scale and the use of mental health
apps has risen exponentially. Although some apps have been
shown to have positive effects on mental well-being [10,12,13],
concerns remain regarding the level of credibility and the
robustness of evidence underlying the mgjority of the thousands
of available apps on the market [10,14]. More efforts toward
the proper demonstration of their efficacy are needed if digital
apps are to offer an adjunctive method to reduce the prevalence
and impact of CM D acrosstheworld, and to support the growing
mental health crisis surrounding the COVID-19 pandemic.

https://mhealth.jmir.org/2022/7/e30976

Objectives

The aim of this 4-week proof-of-principle study wasto test the
efficacy of a digital intervention delivered via a mobile app,
named Foundations, in comparison to a no-intervention control
group on arange of psychological measures, including anxiety,
mental well-being, resilience, dleep, and stress. More
specifically, we aimed to assess the efficacy of Foundationsin
improving mental well-being. The study took place during the
months of April and May of 2020 throughout the first outbreak
of the COVID-19 pandemic in the United Kingdom.

Foundations includes a plethora of interventions and
psychoeducational content that are scientifically robust (ie,
cognitive behavioral therapy [CBT], meditation). Based on this,
in combination with preliminary user research, we hypothesized
that participants in the intervention group would show
significant improvements compared with the control group in
the following targeted areas of well-being after 4 weeks: (1)
anxiety, (2) mental well-being, (3) resilience, (4) sleep, and (5)
stress.

Methods

Ethics Approval

This study protocol involving human participants was General
Data Protection Regulation—compliant and developed in
accordancewith AlphaHealth's ethicsframework and principles
[15], which are compliant with the World Medical Association’s
Declaration of Helsinki [16]. All participants provided informed,
electronic consent to share their data, including for publication
of the results, prior to their enrollment in the study. Due to
unforeseen logistical reasons, the study was not preregistered;
however, al statistical testing was performed by a data analyst
who remained blind to treatment assignment. Furthermore, the
authors confirm that all ongoing studies for the Foundations
app are registered.

Trial Design

This proof-of-concept study was a 2-armed randomized
controlled trial (RCT) comparing an app-based intervention
(Foundations) to a nonintervention control group. At the time
of the study, the app was named Evermind. It was rebranded in
November 2020 and we refer to it as its current name
(Foundations) throughout this paper. Anxiety, sleep, resilience,
and mental well-being were assessed at baseline, and at weeks
2 and 4 of the study, and perceived stress was assessed weekly
(at baseline through weeks 1 and 4; Figure 1). The study started
on April 22, 2020, and ended on May 20, 2020. Of note, at the
start of the study, the United Kingdom was at the first peak of
the COVID-19 pandemic, and the reported numbers of positive
cases and deaths were in decline at the end of the study [17].
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Figure 1. Overview of the study design. PSS-10: 10-item Perceived Stress Score; ONS-4: Office of National Statistics Four Subjective Well-being
Questions; GAD-7: 7-item Generalized Anxiety Disorder scale; WHO-5: World Health Organization-5 Well-Being Index; CD-RISC: Connor-Davidson

Resilience Scale; MISS: Minimal Insomnia Scale.
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Recruitment

Study participants were recruited through a research company
specializing in study recruitment between the first 2 weeks of
April, according to a screening based on the following
predefined criteria for inclusion and exclusion. Eligible
participants were between 30 and 50 years old, owned a
smartphone and regularly used apps, were fluent in English,
and had been employed for at least 3 months in the United
Kingdom. In addition, participants were considered eligiblefor
the study if they showed moderate to high levels of perceived
stress (10-item Perceived Stress Score [PSS-10]>13 [18,19]),
mild to severe anxiety (7-item Generalized Anxiety Disorder

https://mhealth.jmir.org/2022/7/e30976
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scale [GAD-7] score of 5-18 [20]), and no to moderate sleep
problems (Minimal Insomnia Scale [MISS] score of 0-8 [21]).

Candidates were excluded from the study in case of current
pregnancy, current high-stress event (eg, family bereavement
with the exception of a COVID-19 crisis), current
psychotherapeutic treatment or counselling, current diagnosis
of psychiatric illness (with the exception of depression) by a
specialist/secondary care, regular use of mental health apps, or
arecent (3 months) change in medication for mood disorders.

Assessment of Eligibility and Randomization

Eligible participants were randomly allocated (1:1) to either the
intervention group or control group. Assignment of participants
to the groups was performed with a computer-based algorithm
(Python Software Foundation) that generated randomly
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permuted blocks, which were stratified by gender (male or
female) and age (30-40 years or 40-50 years), and were balanced
regarding the degree of perceived stress (“moderate perceived
stress,” PSS-10 score of 13-26, or “high perceived stress,”
PSS-10 score of 27-40) and sleep disturbances (“no sleep
disturbances” MISS score of 0-4, or “moderate Sleep
disturbances,” MISS score of 5-8). Furthermore, participants
baseline scores on the GAD-7 were analyzed for statistical
differences and were rerandomized if needed. The randomization
analysis was performed by a statistician who remained blinded
to the identity of the groups.

Study Conditions

I ntervention Group

After randomization, the intervention group received access
and instructions to download the Foundations app. The

Figure 2. Screenshots of the Foundations app.
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intervention app (Foundations) comprised interventions and
psychoeducational content aimed at decreasing stress and
promoting mental well-being (Figure 2). Content was organi zed
into activities (ie, units of content) and could take a variety of
formats, which are listed in Table 1. They all have a brief
(typicaly 1-2 sentences) introduction and end with a closing
sentence. Activities were either in the moment or part of a
program. A program is a locked sequence of activities that is
delivered in daily steps designed to teach askill such as healthy
sleep behaviors, positive psychology, working with thoughts,
or relaxation techniques (see Table 2). In the moment activities
were not part of alocked sequence of activities and could be
accessed at any time. These activitiesincluded deep meditations,
articles, and mindfulness. Programs and activities were
organized into alibrary of themed modules.

Disconnect with
relaxing audios

Handle stress with
practical programs

X
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Table 1. Activity formats and descriptions of the content delivered in Foundations.

Activity Number of ~ Type of content Description
activities
Slides 12 Psychoeducation Comprisesindividual screens of 1-2 sentences that the user swipes through.
Usually 10-20 screens
Article/blog 13 Psychoeducation and tips User scrolls through to read. Typically 0.25-1 of A4 pagein length
Add record 10 Journaling/reflection User can add free text (eg, thought records or gratitude journaling)
Label record 5 Journaling/reflection User selects arecord created by the “add record” feature and can choose a

theme label

Question record 5 Journaling/reflection User selects a previous record and is asked a series of questions about the

record. Thereis afree-text box for the user to writein

Record review 4 Journaling/reflection Log of record entries

Audios 17 Mindful ness/meditations Mindful meditations (5-8 min), sleep meditations (30 min), relaxation tech-
niques

Ambient sounds 8 Ambient sounds 30-min relaxation sounds and soundscapes (eg, waves, rain)

Quiz 6 Interactive psychoeducation Reinforces psychoeducation with two-choice answers

Game 1 Spatia working memory game  The user has to recall spatial sequences

Table 2. Description of programs and the number of activities within each program.

Number of
activities

Program name Description

Become a breathing master 3 Teaches the skill of diaphragmatic breathing

Relax your body and mind 2 Teaches the skill of progressive muscle relaxation

Working with thoughts S CBT2based journaling and reflection. Includes psychoeducation on cognitive distortions and questions
to balance unhelpful thoughts
Positive thinking Gratitude journaling on achievements, reasons to be thankful, and people

Healthy sleep habits

5

9 CBT psychoeducation on healthy sleep habits and sleep hygiene
Break your bad sleep habits 4

9

CBT interactive psychoeducation on breaking bad habits
Take control of your sleep CBT deep scheduling
Constructiveworry forsleep 4 Introduces constructive worry to put worries aside before bed

3daystoimproveyour self-es- 10
teem

CBT-based journaling and psychoeducation on automatic thoughts and balancing thoughts about
oneself

Boost your confidence 3 Identify strengths

8CBT: cognitive behavioral therapy.

The study lasted 4 weeks and all participants started the study  the messaging service WhatsApp and included wording such
at the same time. During the first 2 weeks of the study, the as:
participants were required to perform a minimum number of
activitiesand programs. In week 1, participants wereinstructed
to complete the “Working with thoughts” program, consisting
of journaling and CBT interventions focused on ameliorating
cognitive distortions and unhelpful ruminative patterns, and a
minimum of 4 free-choice activities. During week 2, participants
had to complete 1 program of their choosing and a minimum
of 4 other activities (free choice). During weeks 3 and 4,
participants were free to use the app aslittle or as much asthey

Good morning! If you were able to start the
programme yesterday then please do another activity
of your choice from the Library page. If you weren’t
able to start the programme yesterday, please do the
first day of the Working with thoughts programme.

Remember, if you need to contact us at any point, the
best way to get in touch is via email at:
hello@evermind.health.

wished with complete free choice of activities and programs.

For the first 2 weeks of the research period, participants were
encouraged to use Foundations via daily text messages. The
messages were written and sent by the research manager via

https://mhealth.jmir.org/2022/7/e30976
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Control Group

The control group completed the same questionnaires at the
same time points as the intervention group. At the end of the
study, all participants were provided optional access to the
Foundations app (waitlist control condition).
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I ncentives

At the end of the study, each participant received a monetary
incentive as compensation for their involvement inthetria. As
compensation wastied to the participants' time, participantsin
the control group received £35 (US $50) and those in the
intervention group received £85 (US $115).

Outcome M easures

Overview

All participants were invited to fill out questionnaires via an
online platform (Google Form) to assesstheir mental well-being
on a weekly basis starting with the first day of the study
(baseline). All participants, regardless of group, were sent the
link to the online platform viathe messaging service WhatsApp
at the sametime. Perceived stresswas assessed weekly, whereas
all other measures were assessed every 2 weeks (ie, baseline, 2
weeks, and 4 weeks). All outcome measures were treated as
continuous variables. Each measure and the associated
guestionnaire are detailed bel ow.

Anxiety

Anxiety levels were assessed through the GAD-7 scale [20], a
7-item questionnaire that measures the severity of the subject’s
anxiety over the previous week.

Sleep Problems

The MISS was used to examine sleep problems in the sample
and their evolution across the study [21]. The MISSincludes 3
itemsthat cover issues of initiating sleep, waking up in the night,
and not feeling refreshed in the morning.

Resilience

Resilience levels were assessed by the Connor-Davidson
Resilience Scale (CD-RISC-10), which includes 10 items that

assesstheindividual’s ability to cope successfully with adversity
[22].

Mental Well-being

To assess current mental well-being, the World Health
Organization-5 Well-Being Index (WHO-5) questionnaire was
administered to the study participants. Each of the 5 items is
scored with a Likert scale ranging from 0to 5 (at no time, some
of thetime, lessthan half of thetime, more than half of thetime,
most of thetime, all of the time, respectively) [23].

In addition, the United Kingdom Office of National Statistics
guestions on well-being (ONS-4) scale was used to measure
subjective well-being [24]. Each of the questions in this scale
is aimed at measuring a different aspect of well-being: life
sati sfaction, worthwhileness, happiness, and anxiety, which are
each rated by the subject from O (not at al) to 10 (completely).
These questions are not designed to provide an aggregate score,
but rather to illustrate different aspects of perceived well-being.

Perceived Stress

The degree to which participants perceived their life situations
as stressful was assessed using the PSS-10 [18,19]. The time
frame selected for questions was the past week, which enabled
examination of weekly effects of the intervention. It should be

https://mhealth.jmir.org/2022/7/e30976
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noted that participants were able to access the PSS-10 within
the app whenever they liked. These additional data were not
evaluated as part of the study.

Statistical Analyses

Power

A power analysis based on published data and previous pilot
studies [25] was performed (using the “pwr” R package) to
estimate the required sample size for the study. The estimated
sample size was at least 78 participants in each arm providing
0.8 power to detect an effect size of Cohen d=0.4 with an a of
.05.

Data Analysis

Two principal sets of analyses were performed on each of the
outcome measures. The first set of analyses, which we denote
by within-group analyses, sought to determine whether there
was a significant change within each group compared to the
measure at the start of the study (baseline). Within-group paired
two-tailed t testswere used for pre-post intervention assessments
for each group. Statistical significance was set at P<.05.
Bonferroni correction for multiple comparisons was performed
adjusting the significance level to 1.25% for PSS-10
(sgnificancelevel of 5% divided by 4 measuresin time, baseline
to weeks 1-4) and 2.5% (significance level of 5% divided by 2
measuresin time, baselineto week 4) for therest of the outcome
measures.

The second set of analyses, denoted as between-group analyses,
sought to determine whether the change from baseline (A) was
equivalent in both groups. The analysis was performed using
linear mixed models (LM Ms) incorporating group (intervention
or contral), time, and groupxtime interaction terms, including
a change score of 0 at the baseline time point and modeling
participant asarandom effect. Significance of the group variable
was assessed using the likelihood ratio test. A confirmatory set
of analyses was performed using an independent two-tailed t
test on the differences of each group’s scores in each measure
at agiven time point from their baseline scores (A). Statistical
significance was set at P<.05.

Results

Participants

From April 2020 to May 2020, 190 participants were enrolled
in the study and randomized to either the intervention group
(n=95) or control group (n=95). Of the 95 participants in the
intervention group, 7 failed to complete the study (ie, did not
use the app as required) and were excluded from the primary
analysis. A further 9 participants (5 in the intervention group
and 4 in the control group) were excluded due to missing data
(failed to complete the outcome measure questionnaires). An
additional 38 participants (21 in the intervention group and 17
in the control group) were excluded from the analysis due to a
calculation error of the PSS-10 at screening (PSS-10 score<13).
Due to the study’s single-blind design, this error was not
identified until after the study was completed. Of the remaining
participants, 74 (79%) from the control group and 62 (65%)
from the intervention group completed the study and were
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analyzed for the primary outcome and secondary outcome

measures (Figure 3).

Table 3 provides the baseline demographics of the study
participants (N=136). Participants in the intervention (n=62)
and control (n=74) groups did not differ significantly with
respect to gender, age, nor their levels of mental well-being at

baseline.

The valuesfor the within-group and between-group analyses at
different points in time for each of the outcome measures are

Catuara-Solarz et d

shown in Table 4 and Table 5, respectively. In the following,
we discuss the results for each outcome metric as well as for
the subgroup analysis and engagement. As described in the
Methods section, for within-group analyses, significance
thresholds were adjusted to account for multiple comparisons
(Bonferroni correction) using asignificance threshold of a=.025
for all scales excluding the PSS-10, which had a significance
threshold of a=.0125.

Figure 3. CONSORT (Consolidated Standards of Reporting Trias) flowchart of participants. PSS-10: 10-item Perceived Stress Score.

1. ENROLLMENT

Assessad for eligibility and randomly
assigned to groups (N=190)

2. ALLOCATION

Allocated to Control intervention (n=95)

Allocated to Foundations intervention (n=95)

3. ANALYSIS

- Excluded from the final analysis
- (n=21)
- PSS-10 score <13 (n=17)
- Failure to complete
questionnaires (n=4)

Completed the study and included in
the primary analysis (n=74)

https://mhealth.jmir.org/2022/7/e30976
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- | Did not receive allocated
i intervention
n=7)

Excluded from the final analysis
(n=26)
- PSS-10 score <13 (n=21)
- Failure to complete
questionnaires (n=5)

Completed the study and included in the
primary analysis (N=62)
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Table 3. Characteristics of study participants at baseline.

Catuara-Solarz et d

Characteristic Foundation group Control group Effectsize(d) Pvaue Clinical interpretation
(n=62) (n=74)

Gender

Females, n 33 40 N/AR 32 N/A

Males, n 29 34 N/A 48 N/A
Age (years), mean (SD) 40.58 (6.08) 39.49 (6.13) N/A 30 N/A
PSS-10°, mean (SD) 19.19 (4.12) 19.05 (3.58) -0.04 (n% 0.58 moderate stress
GAD-7° mean (SD) 8.06 (3.83) 6.91 (3.28) -0.32(small)  0.97 mild anxiety
WHO-5°, mean (SD) 11.35 (4.29) 12 (4.23) 0.15 (n) 0.81 poor well-being
ONS-4, mean (D) 22.63 (5.14) 23.64 (5.82) 0.18 (n) 0.85 N/A
CD-RISCY, mean (SD) 23.27 (5.76) 24.91 (4.96) 0.31 (small) 0.96 problemsin coping with stress or

bouncing back from adversity

M ISSh, mean (SD) 4.82(2.3) 4.6 (2.51) —-0.09 (n) 0.7 no sleep problems

8N/A: not applicable.

PpSS-10: 10-item Perceived Stress Score.

®n: negligible or no effect.

4GAD-7: 7-item Generalized Anxiety Disorder scale.

SWHO-5: World Health Organization-5 Well-Being Index.

fONS-4: Office of National Statistics Four Subjective Well-being Questions.
9CD-RISC: Connor-Davidson Resilience Scale.

PMISS: Minimal Insomnia Scale.
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Table 4. Within-group analyses showing the change from baseline on the outcome measures at each time point (week 2 and week 4).

Outcome measure Intervention group Control group

Mean (SD)  t(df=61) Pvalue®  Effect size(d) Mean (SD)  t(df=73) Pvalue®  Effect size(d)

GAD-7°
Baseline 8.06(383) _c — — 692(328) — — —
Week 2 6.71(479) -241 <.001 -031 669(392) -061 27 -0.06
Week 4 6.02(429)  -3.69 <.001 -050 6.14(388)  -192 .03 -0.22
MIss?
Baseline 482(230) — — — 461(251) — — —
Week 2 366(228)  -3.43 <.001 -051 435(261) -0.96 17 -0.10
Week 4 315(1.90) 531 <.001 -0.79 405(1.72) 203 02 -021
CD-RISC-10°
Baseline 2327 (5.76) — — — 2491 (497) — — —
Week 2 2506 (5.47) 3.5 <.001 031 2459 (5.02) -0.84 80 -0.06
Week 4 25.66(5.48)  4.07 <.001 0.42 2519(5.78) 058 28 0.05
WHO-5'
Baseline 11.35(4.29) — — — 12.00 (4.23) — — —
Week 2 12.89(5.10) 2.28 01 0.32 11.77(4.38) 047 68 -0.05
Week 4 13.95(4.45) -3.85 <.001 0.59 12.12(4.64) 025 40 0.03

ONS-49 Life satisfaction

Baseline 569 (153) — — — 6.08(1.76) — — —
Week 2 6.66(1.64)  3.79 <.001 0.61 6.69(3.92)  1.33 .09 0.15
Week 4 6.95(1.32) 541 <.001 0.88 6.61 (1.57) 2.60 .006 0.32
ONS-4 Worth
Baseline 6.34(1.94) — — — 6.30(1.70) — — —
Week 2 6.82(1.89)  1.69 .05 0.25 6.42(1.78) 064 26 0.07
Week 4 7.06 (1.56) 2.64 .005 0.41 6.59 (1.70) 1.48 .07 0.17
ONS-4 Happiness
Baseline 595(151) — — — 6.16(1.72) — — —
Week 2 6.55(1.87)  2.32 01 0.35 6.35(1.53)  0.99 16 0.12
Week 4 7.08 (1.55) 4.99 <.001 0.74 6.47 (1.78) 1.39 .08 0.18
ONS-4 Anxiety
Baseline 4.65 (1.66 — — — 5.09(2.000 — — —
Week 2 513(250) 164 .05 0.22 542(225  1.38 .09 0.15
Week 4 5.08 (2.77) 124 A1 0.19 5.12 (2.42) 0.09 46 0.01
Pss-10"
Baseline 19.19 (412) — — — 19.05(358) — — —
Week 1 1832(5.27) -1.35 .09 -0.18 1759 (5.03) —2.95 .002 -0.32
Week 2 16.26 (6.20) -3.38 <.001 -0.55 17.00 (5500 -3.31 <.001 -0.43
Week 3 1565 (5.55) —4.79 <.001 -0.72 17.01 (593 -3.04 .002 -0.40
Week 4 1553(5.82) -4.86 <.001 -0.72 16.38(5.72) —-3.99 <.001 -0.55

8Comparisons were made for each time point relative to the baseline level; significance threshol ds have been adijusted to account for multiple comparisons
(Bonferroni): P<.025 for all outcomes except for PSS-10, which was set to P<.012.
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BGAD-7: 7-item Generalized Anxiety Disorder scale.

Cnot applicable.

dMISS: Minimal Insomnia Scale.

€CD-RISC-10: Connor-Davidson Resilience Scale.

fWHO-5: World Health Organization-5 Well-Being Index.

9ONS-4: Office of National Statistics Four Subjective Well-being Questions.
NPSS-10: 10-item Perceived Stress Score.

Table 5. Between-group analyses showing the change of outcome measures (A) from baseline at each time point (week 2 and week 4).

QOutcome measure Intervention A, mean (SD)  Control A, mean (SD) Mean difference t (df=134) Pvalue Effect size (d)
GAD-72
Week 2 -1.35 (4.43) -0.23(3.24) 1.13 171 04 0.29
Week 4 —2.05 (4.37) -0.78 (3.52) 1.26 1.87 .03 0.32
MISSP
Week 2 ~1.16 (2.67) -0.26 (2.29) 0.90 2.13 .02 0.37
Week 4 ~1.68 (2.49) -0.55 (2.35) 1.12 2.70 .004 0.47
CD-RISC®
Week 2 1.79 (4.08) -0.31(3.16) —2.10 -3.37 <.001 058
Week 4 2.39 (4.62) 0.28 (4.24) -2.10 278 .003 -0.48
WHO-5¢
Week 2 1.53 (5.30) -0.23 (4.20) -1.76 -2.16 .02 —-0.37
Week 4 259 (5.32) 0.12 (4.20) —2.46 -3.05 .001 -0.52

ONS-4°life satisfaction

Week 2 0.97 (2.01) 0.24 (1.58) -0.72 —2.36 01 041

Week 4 1.26 (1.53) 0.53 (1.75) -0.73 238 .009 041
ONS-4 worth

Week 2 0.48 (2.25) 0.12 (1.63) -0.36 -1.09 14 -0.19

Week 4 0.73 (2.17) 0.297 (1.76) -0.43 -1.28 .10 -0.22
ONS-4 happiness

Week 2 0.596 (2.02) 0.19 (1.64) -0.41 -1.29 10 -0.22

Week 4 1.13(1.78) 0.31(1.92) -0.82 —2.56 .006 —0.44
ONS-4 anxiety

Week 2 0.48 (2.32) 0.32 (2.02) -0.16 -0.43 33 -0.07

Week 4 0.44 (2.77) 0.03 (2.48) -0.41 -091 18 -0.16
Pss-10f

Week 1 -0.87 (5.09) —1.45 (4.25) 058 -0.73 77 -0.13

Week 2 —2.94 (6.84) —2.05 (5.34) 0.88 0.84 20 0.15

Week 3 —3.55 (5.84) —2.04 (5.77) 151 151 .07 0.26

Week 4 -3.66 (5.93) —2.68 (5.77) 0.99 0.98 16 0.17

8GAD-7: 7-item Generalized Anxiety Disorder scale.

BMISS: Minimal Insomnia Scale.

¢CD-RISC: Connor-Davidson Resilience Scale.

dWHO-5: World Hedlth Organization-5 Well-Being Index

CONS-4: Office of National Statistics Four Subjective Well-being Questions.
fPSS-10: 10-item Perceived Stress Score.
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Anxiety (GAD-7)

Within-group t tests for those in the intervention arm
(Foundations) showed that GA D-7 scores reduced significantly
compared with those at baseline at both week 2 and week 4. In
contrast, there was no change in GAD-7 scores in the control
group when comparing baseline to week 2 (Table 4).

For the between-group comparisons, LMM analysis of the
change from baseline (A) showed a significant global effect of

Catuara-Solarz et d

the intervention (P=.03), where the main impact seemsto be at
week 4 with P=.05 for the interaction term (see Tables S1 and
S2 in MultimediaAppendix 1). Posthoc comparisons confirmed
significant differences at weeks 2 and 4 (Figure 4, Table 5),
such that the intervention group had lower GAD-7 scores than
the control group. These data suggest that Foundations reduced
anxiety within 4 weeks of use.

Figure4. Between-group analyses showing the change from baseline on outcome measures at each time point. Data points represent the mean and bars
are standard errors. PSS-10: 10-item Perceived Stress Score; ONS-4: Office of National Statistics Four Subjective Well-being Questions; GAD-7: 7-item
Generalized Anxiety Disorder scale; WHO-5: World Health Organization-5 Well-Being Index; CD-RISC: Connor-Davidson Resilience Scale; MISS:

Minimal Insomnia Scale.
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g (MISS) comparisons confirmed significant differences at weeks 2 and

Within-group analysis of the MISS score showed that the score
in the intervention group significantly improved both at week
2 and week 4. In comparison, within-group analysis of the
control group showed no significant change in the MISS score
from baseline to week 2 or from baseline to week 4 (see Table
4).

Between-group LMM analyses of the change from baseline
revedled a significantly greater improvement in MISS in the
intervention group compared to the control group (P=.01). Even
though there was a global decrease of MISS a week 4,
interaction terms showed significant resultswithin weeks 2 and
4 (see Tables S3 and $4 in Multimedia Appendix 1). Posthoc

https://mhealth.jmir.org/2022/7/e30976
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4 (Figure 4, Table5), such that theintervention group had lower
MISS scores (higher dleep quality) than the control group (also
see Tables S3 and $4 in Multimedia Appendix 1). These data
suggest that Foundations improves sleep within 2 weeks of use.

Resilience (CD-RISC-10)
Within-group analyses of the two groups showed significant
improvement in resilience scores for the intervention group at

both weeks 2 and 4, but no effect in the control group (Table
4).

There were significant between-group effectsin the analysis of
the change from baseline, such that the intervention group
showed a greater change in score than the control group
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(P<.001). Moreover, we found a significant positive effect
(interaction terms) within the intervention group at both weeks
2 and 4 (see Tables S5 and S6 in Multimedia Appendix 1).
Posthoc comparisons confirmed significant differences at weeks
2 and 4 (Figure 4, Table 5), such that the intervention group
had higher CD-RISC-10 scores (higher resiliency) compared
with those of the control group. These data suggest that
Foundations enhances resilience within 2 weeks of use.

Mental Well-being

WHO-5 Scores

Within-group analyses of each group by time showed that the
WHO-5 score significantly increased in the intervention group
at week 4 but not at week 2. Among controls, there was no
significant change at either time point (Table 4).

Group differences were revealed in the LMM between-group
analysis (see Tables S7 and S8 of Multimedia Appendix 1) of
the change from baseline: the intervention group showed a
greater change from baseline than the control group (P=.03) in
both weeks 2 and 4. Posthoc comparisons confirmed these
significant differences at weeks 2 and 4 (Figure 4, Table 5),
such that the intervention group had higher WHO-5 scores
(higher quality of life) compared with those of the control group.
These data suggest that Foundations can enhance well-being
within 2 weeks of use, as measured by the WHO-5.

ONS-4 Questionnaire

The ONS-4 questionnaire comprisesfour independent questions
on life satisfaction, worth, happiness, and anxiety (the scale for
thelatter has been reversed inthe analysis, so that alarger score
means a greater positive impact on the participants). The
within-group analyses of the intervention group showed
improvements in life satisfaction at week 2 and week 4,
improvements in worth at week 4, and improvements in
happiness at week 2 and week 4. No improvement in anxiety
wasfound at either time point. In contrast, in the control group,
only the measure of life satisfaction at week 4 showed a
significant improvement compared to baseline (Table 4).

All LMM analyses revealed only overall significant effects on
ONS sdtisfaction and happiness (P=.002 and P=.008,
respectively; see Tables SO and S13 in Multimedia Appendix
1), with inconclusive effects on ONS on worth and anxiety (see
Tables S11 and S15 in Multimedia Appendix 1). On ONS
satisfaction, wefound asignificant effect at both 2 and 4 weeks,
whereas on ONS happiness, we only found significant effects
at week 4 (see interaction terms in Tables S9 and S13 in
Multimedia Appendix 1). These results were confirmed by a
posthoc t test, which showed higher scores in the intervention
group than in the control group on the measures of life
satisfaction and happiness (Figure 4, Table 5). These data
suggest that the intervention group experienced improvement
in the sense of life satisfaction and happiness compared to the
control group.

Perceived Stress (PSS-10)

In contrast to the other measures, perceived stresswas measured
weekly. Within-group analyses showed that the PSS-10 score
was significantly lower at 2, 3, and 4 weeks, but not at week 1,

https://mhealth.jmir.org/2022/7/e30976
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compared to that measured at baselinefor theintervention group
(Table4). However, the control group also showed significantly
lower perceived stress levels at each of the four time points
(Table 4).

In the same way, between-group analyses of the change from
baseline showed no statistically significant result. Thelikelihood
ratio test on LMM showed a P value of .19 (see Tables S17 and
S18 in Multimedia Appendix 1), and no significant group
differences were observed using t tests (Table 5). These data
suggest that perceived stress was reduced across the course of
the study, but this reduction was no greater in the intervention
group than in the control group.

Subclass Analyses

Additional analyses were performed with the factors of gender
and age included on each of the outcome measures for both
within-group and between-group comparisons. No statistically
significant differences were observed, due to the fact that the
size of groups was small. See Table S19 in Multimedia
Appendix 1 for the age and gender interaction terms for each
of the metrics.

Engagement With the App

The participantsin the intervention group presented an average
usage of the app of 18 days out of the 28 (SD 5.1) total days of
the study period (median days active: 17). On average,
participants engaged with the app 15.25 minutes per day (median
minutes per day 13.93, SD 9.66). During the study period, users
tried an average of 29 distinct activities and 3.9 programs.
However, no correlation was found between the total amount
of engagement with the app and the difference from baseline
to 4 weeksin any of the outcome measures (all P>.05).

Research suggests that the level of engagement with a digital
intervention impacts the outcomes [ 26]. However, this was not
the case in our study, which may be due to the mechanisms of
action taking place outside of the app in which the user is
encouraged by the app to complete a healthy behavior. Once a
behavior is learned or a skill is developed, the user may not
need to engage with the app to experience the benefits (eg, a
user can maintain a healthy sleep routine without accessing the

app every night).

Discussion

Principal Findings

Theaim of the study was to investigate the efficacy of amobile
app, Foundations, inimproving mental well-being in adultswith
moderate to high levels of stress and anxiety. Given the timing
of the study (April 2020 to May 2020), our secondary aim was
to assess the efficacy of Foundations in mitigating the mental
health challenges surrounding the COVID-19 pandemic.

Encouragingly, results of this proof-of-principle study confirmed
four out of five of our hypotheses by demonstrating that the use
of Foundations can significantly improve measures of (1)
anxiety, (2) resilience, (3) well-being, and (4) deep relative to
acontrol group within 2 weeks of use, with greater effects after
4 weeks. In contrast to our final hypothesis, perceived stress
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was reduced within the intervention group, although the results
did not reach statistical significancerelativeto the control group.

Comparison With Prior Work

Theresults of thisstudy contributeto alimited number of RCTs
examining the efficacy of mental hedth apps that are
commercialy available. Encouragingly, our findings are
consistent with published meta-analyses that have affirmed the
efficacy of digital interventions over control conditions in
improving mental well-being. For example, a meta-analysis of
18 RCTs reported that smartphone interventions were
significantly more efficaciousin reducing depressive symptoms
in comparison to both waitlist and active control groups [27].
Congruent with resultsfrom arecent meta-analysis of 66 RCTs
of mobile apps for mental health, we found a greater reduction
in anxiety among participantsin the intervention versus control
group aswell as greater improvementsin resilience and overall
mental well-being [28].

However, our results are at odds with previous RCTs reporting
greater reductionsin stressin active versus control interventions
[29,30]. Theseresultswere surprising given the positive results
on measures of anxiety, resilience, and well-being. Thislack of
astatistically significant effect is dueto an improvement overall
in the control group across the period of the study. There are
several potential factors that may have contributed to this
finding. First, the study started at the peak of the COVID-19
pandemic in the United Kingdom (April 2020). The reported
numbers of positive cases and deaths were reduced by
approximately 40% during the 4 weeks of the study [17].
Further, as the population adjusted to lockdown measures,
perceived stress levels may have naturally reduced. However,
itisnot clear why thiswould impact perceived stressto agreater
extent to, for example, anxiety and resilience. Another factor
may be the frequency of testing. The PSS-10 was assessed on
aweekly basis as opposed to every 2 weeks in the case of all
other measures. Foundations' users were also able to take the
PSS-10 whenever they liked within the app; these were
voluntary assessments, and the data were not evaluated. It is
therefore possible that survey fatigue or more frequent insight
into stress levels impacted perceived stress.

With regard to intervention features, Foundations differentiates
from many of the apps that have published efficacy datain that
it offersabreadth of interactive content delivered. For example,
Sleepio [31] provides an internet-based CBT course targeted at
individuals with insomnia, and Woebot [32] provides
CBT-directed  mental hedth via an  artificia
intelligence—powered chatbot for individuals struggling with
poor mental health symptoms. Foundations provides a wider
array of support acrossthe mental health spectrum viaanumber
of methodologies (CBT, acceptance and commitment training,
positive psychology, and sleep science). Although it is unclear
whether single- versus multi-intervention apps differ in efficacy,
at the very least, multi-intervention apps such as Foundations
offer users flexibility and variety in the content and
functionalities they can choose from, which has been shown to
increase app engagement and likability [33].

Despitetherapid upscaling of digital mental health interventions
during the COVID-19 pandemic, literature on the efficacy of
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these technologiesis rather sparse at present. To the best of our
knowledge, this study is one of the few RCTsinvestigating the
efficacy of amental health app during the COVID-19 pandemic
[34,35]. The importance of this research is two-fold. First, the
results from this study demonstrate that Foundations could add
a scalable efficacious digital intervention to support mental
well-being that can be accessed at any time. Second, these
findings may help to inform the rationale and design of future
studies and digital health technologies. Going forward, it will
be critical to maintain this momentum as the mental health
conseguences of the pandemic could be severe and long-lasting.

Limitations

Severa important limitations of this study should be recognized.
Perhaps the most important limitation is the notable number of
participants excluded from the primary anaysis due to a
calculation error of the PSS-10 at screening. It remainsuncertain
whether a larger sample of patients would result in outcomes
that differ from those observed; however, the sample size for
the final analysis (N=136) is comparable to those reported in
the literature on digital interventions for mental well-being
[27,29].

Second, it is possible that the daily scheduled broadcast
messages received by participants in the Foundations group
contributed to a placebo effect or to results that do not reflect
real-world usage of the app. Conversely, it isaso possible that
the frequency of the natifications hindered engagement in some
cases, asthe amount of contact for optimizing user engagement
likely varies across participants. However, it is notable that the
size of the effect was greater at 4 weeks than at 2 weeks for all
measures. Participants received no messages during weeks 3
and 4 other than the links to fill out the questionnaires. It
therefore seems unlikely that the daily messaging could account
for the efficacy observed in the study. However, the impact of
the frequency and content of notifications on well-being
outcomesremainsto befully elucidated and further studies may
be warranted.

Another limitation of the study isthe use of amonetary incentive
for participation. Previous studies have shown that monetary
incentives can increase engagement with wellness apps yet have
no impact on the outcome of the study [12]. However, the true
influence of the monetary incentive in this case is unknown.

Finaly, it is necessary to acknowledge the limitations of a
single-blind design, as used here. Only the data analysts were
blind to the group assignment. The control group participants
were aware they were taking part in an intervention study, but
were only given access to the app after the study (and were not
informed they would have access until study completion). The
design of the study and the passive nature of the control group
do not alow ruling out digita placebo effectsin theintervention
group derived from their expectations about the interventions
[36]. Baoth groups, however, received the same messages and
invitations to fill out the outcome questionnaires. It remains
possiblethat insightsinto mental well-being through completion
of the questionnaires, along with knowledge that they were
participating in anintervention trial may haveimpacted outcome
measures. Future studies may explore the use of aternative
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designs such as an active control or psychoeducation control
group.
Future Research

Before we can optimize the efficacy of digital heath
technologies such as Foundations, we must build a richer
understanding of which interventions are most effective for
which individual needs. It was not feasible with the sample size
of the current study to evaluate the efficacy of individual
components of the app with respect to symptom type and
severity, and the content that the participant engaged with during
the course of the study. An important question for future
research iswhether personalization of theseinterventions makes
care more effective.

Similarly, it is unclear whether there was an effect of the level
of engagement (ie, adose effect). Although a satisfactory level
of engagement was observed in this study, establishing a
dose-response rel ationship between usage and improvement in
mental well-being could prove useful for intervention
personalization and bears further investigation in future.

A specific domain that has gained attention in recent yearsis
that of work-related mental health. Thisisdueto an increase of
awareness of the magnitude and costs of thisissue. Concretely,
it has been reported that an outstanding 72% of employees of
large organizations in the United Kingdom have disclosed an
increase of CMD during 2019 [37]. Il menta health in the
workplace is associated with decreased productivity, early
retirement, increased sickness absence, presenteeism (not
working at capacity while at work), and staff turnover. All this
tranglatesinto an estimated cost of over US $45 hillion per year
for companies, which hasincreased by 16% inthelast few years
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[37]. Although this study examined the efficacy of Foundations
in a working population, a truly rigorous investigation of its
effects on workplace mental health would require afuture study
employing randomized, controlled allocation of participantsto
an intervention arm (Foundations) or placebo arm, both in the
absence and presence of employment. At the very least, these
preliminary observations provide evidence that working adults
using the Foundations app can experience significant
improvement in their mental well-being during a2-week period.

Future research isalso required to evaluate the long-term effects
of Foundations on mental well-being both in terms of
postintervention follow-up and longer sustained use of the app.
Looking forward and if replicated in further studies, these results
may have important implications for addressing the treatment
gap in mental health care through the use of evidence-based
digital interventions.

Overall, results from this study may help to propel the use of
mobile apps such as Foundations to assume a more widespread
role in both the promotion and maintenance of mental health.
Thiscould offer new possibilitiesto further optimize the efficacy
of these technologies while removing obstacles for
evidence-based mental health care.

Conclusions

This proof-of-principle study demonstrates that Foundations
can improve measures of anxiety, sleep, resilience, and mental
well-being within 2 weeks of use, with a greater effect after 4
weeks. Foundations may therefore offer potential asascalable,
cost-effective intervention to enhance mental well-being even
during aperiod of crisis such as the COVID-19 pandemic.
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