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Abstract

Background: Generalised Anxiety Disorder(GAD) is estimated to affect 1 in 8 people in the UK seeking help from their GP in
primary care; where treatment options may either be unacceptable to patients (e.g. medication), or may be delayed (e.g.
psychotherapy delivered through NHS Talking Therapy services). These barriers leave an important treatment gap that may be
filled by Digital Mental Health Interventions, offering immediate, evidence-based care.

Objective: This study aimed to evaluate the efficacy,d user acceptability and safety of the Resony Anxiety app, a digital
therapeutic intervention for individuals with self-reported anxiety using a pre-post study design.

Methods: A total of 86 UK-based participants were recruited and underwent a 6-week intervention using the Resony Anxiety
app as a standalone unguided intervention. Primary and secondary outcome measures included the GAD-7 and DASS-21
guestionnaires.

Results: The participants reported a significant reduction in anxiety of 3.27 points on the GAD-7 after six weeks, with continued
improvement during the follow-up period. The effect size was medium for GAD-7 and small for DASS-21 as measured using
Hedge's g. Quadlitative feedback indicated that 95% of participants enjoyed using the app, and 64% found it effective in
managing their anxiety. 77% of the participants would recommend the app to afriend or family member with anxiety.

Conclusions: This study indicates that the Resony Anxiety app is effective and safe in reducing anxiety in adults. Future studies
with larger samples and more robust experimental designs, such as randomised controlled trials, are needed to confirm these
initial promising findings.
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Abstract

Background: Generalised Anxiety Disorder(GAD) is estimated to affect 1 in 8 people in the UK
seeking help from their GP in primary care; where treatment options may either be unacceptable to
patients (e.g. medication), or may be delayed (e.g. psychotherapy delivered through NHS Talking
Therapy services). These barriers leave an important treatment gap that may be filled by Digital
Mental Health Interventions, offering immediate, evidence-based care.

Objective: This study aimed to evaluate the efficacy,d user acceptability and safety of the Resony
Anxiety app, a digital therapeutic intervention for individuals with self-reported anxiety using a pre-
post study design.

Methods: A total of 86 UK-based participants were recruited and underwent a 6-week intervention
using the Resony Anxiety app as a standalone unguided intervention. Primary and secondary
outcome measures included the GAD-7 and DASS-21 questionnaires.

Results: The participants reported a significant reduction in anxiety of 3.27 points on the GAD-7
after six weeks, with continued improvement during the follow-up period. The effect size was
medium for GAD-7 and small for DASS-21 as measured using Hedge’s g. Qualitative feedback
indicated that 95% of participants enjoyed using the app, and 64% found it effective in managing
their anxiety. 77% of the participants would recommend the app to a friend or family member with
anxiety.

Conclusions: This study indicates that the Resony Anxiety app is effective and safe in reducing
anxiety in adults. Future studies with larger samples and more robust experimental designs, such as
randomised controlled trials, are needed to confirm these initial promising findings.

Keywords:

Digital health; online intervention; anxiety; smartphone intervention; digital therapeutics;
generalized anxiety disorder; gad

Introduction

Generalised anxiety disorder (GAD) is a common and debilitating mental health condition

https://preprints.jmir.org/preprint/57993 [unpublished, non-peer-reviewed preprint]
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characterised by excessive and persistent worry, often accompanied by physical symptoms such as
fatigue, muscle tension, and sleep disturbances [1]. GAD affects millions of people worldwide and
has a significant impact on individuals' quality of life, social functioning, and occupational
productivity [1]. Despite the availability of evidence-based treatments, such as cognitive-behavioural
therapy (CBT) and pharmacological interventions, many individuals with GAD do not receive
adequate care due to barriers such as limited access to mental health professionals, stigma, and cost
[2,3].

Digital therapeutics, which encompass a broad range of technology-based interventions, have been
used as an alternative or supplement to traditional treatments to address the unmet needs of
individuals with GAD by improving access, patient choice and clinical outcomes [4]. These
interventions can be delivered through various platforms, such as mobile apps, online programs, and
virtual reality systems. Digital therapeutics offer several advantages, including increased
accessibility, personalised care, and the potential for real-time monitoring and feedback. Moreover,
recent studies have demonstrated promising results in the efficacy of digital therapeutics for GAD
and other mental health conditions [5,6,7]. However, it is inconclusive whether these interventions
are better than no intervention and further research is needed to compare digital therapeutics to the
current standard of care including one-to-one therapy and medication [4].

Majority of the literature regarding digital health interventions for GAD including digital
therapeutics, focus on the digital delivery of cognitive behavioural therapy (CBT), which is emerging
as an efficacious treatment for GAD [4,8,9]. In the UK, the NHS recommends incorporating
evidence-based digital health interventions in the delivery of Improving Access to Psychological
Therapies (IAPT) services (currently called NHS Talking Therapies) [10]. There are also other
approaches such as transdiagnostic psychological treatments which have been used for treatment of
anxiety disorders [11]. There are some calls for further studies to study non-CBT models as well.
This will help provide patient choice and inform health care policy on the best form of therapy to
treat GAD [12].

The current intervention Resony Anxiety [13] is a smartphone-based digital therapeutic intervention
intended for the improvement of worry, anxiety, and GAD in adults. Resony has an equal emphasis
on a variety of physiological and psychological (CBT) interventions such as resonance breathing,
applied relaxation, gratitude journaling and cognitive reframing. It thereby can be seen an offering a
novel option of therapeutic interventions for GAD, which are not exclusively focused on CBT [14].

The primary objective of this study is to evaluate the safety, efficacy and user acceptability of the
Resony Anxiety app for individuals living with self-reported anxiety using a pre-post study design.
Specifically, we aimed to assess the impact of the intervention on anxiety and GAD symptoms as
measured by GAD-7 and DASS-21 questionnaires. In addition, we assessed if Resony Anxiety is
safe to use, whether any side-effects were observed and if users enjoyed using Resony Anxiety.

This study contributes to the growing body of literature on digital therapeutics for GAD by providing
evidence on the safety and efficacy of Resony Anxiety. The findings of this study have the potential
to inform the development of more effective and personalised digital therapeutics for GAD,
ultimately improving access to care and clinical outcomes for individuals affected by this debilitating
condition.

https://preprints.jmir.org/preprint/57993 [unpublished, non-peer-reviewed preprint]
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Methods
Design

This study is a pre-post study examining the efficacy of a novel smartphone-based digital therapeutic
intervention, Resony Anxiety, for adults with symptoms of anxiety and GAD. This study is
decentralised and therefore conducted entirely online.

Participants and recruitment

A total of 86 participants living in the UK were recruited for this study. Recruitment was managed by
an independent platform talkhealth, an online health community. Talkhealth promoted a pre-qualifier
questionnaire on their platform for 8 weeks to recruit participants. Promotion of the study included
details about what the study would entail, how the app works, and guidance regarding the app's
potential benefits for the user. All questionnaires used in this study also included a link to talkhealth’s
privacy policy which is accessible directly from their website at any time should trial participants
have any queries or concerns. The following consent was obtained during recruiting and before the
study commenced.

o talkhealth consent form [15]
» Resony Health Terms of service [16]
e Resony Health Privacy Policy [17]

Eligible participants were aged 18 years and above, owned a smartphone, were living in the
UK/Europe; living with symptoms of anxiety or been diagnosed with generalised anxiety disorder
and had already discussed anxiety with a healthcare professional.

Candidates were excluded from the study if they were diagnosed with schizophrenia, bipolar
disorder, or dementia; were suffering from epilepsy and/or were currently pregnant.

Procedures

First, participants were screened against the inclusion and exclusion criteria based on their self-
reported information in the pre-qualifier questionnaire. Then, informed consent was collected from
eligible and interested participants. Consented participants received an email with a link to download
the Resony Anxiety app and asked to use the app for 6 weeks. Data was collected on a weekly basis
via Qualtrics and In-app. Follow-up data was also collected at Week 10 and Week 12 via Qualtrics
and In-app. After the study concluded, a focus group was conducted in a virtual setting with 15 study
participants to get in depth qualitative feedback. The results of this study are included as qualitative
evidence.

Intervention

Resony Anxiety is a smartphone-based digital therapeutic intended for the improvement of worry,
anxiety, and GAD in adults. It is a 6-week treatment programme consisting of evidence-based
exercises drawn from cognitive behavioural therapy (CBT) and physiological techniques. These
include applied relaxation, and non-directive resonance breathing [18,19,20,21,22]. Users had three
ten-minute exercises to complete daily - a breathing exercise called resonant breathing, gratitude
journaling & reframing exercise, and progressive muscle relaxation. There are three

https://preprints.jmir.org/preprint/57993 [unpublished, non-peer-reviewed preprint]
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psychoeducational videos to help users understand what the app does and how it works. Users also
have access to two acute exercises, a shorter breathing exercise and an anxiety balance sheet, to use
when they experience moments of intense anxiety or panic. The rationale behind the intervention is
to build skills and techniques which can be used to manage low levels of anxiety, as well as provide
techniques to manage high levels of acute anxiety.

Outcomes

Primary outcome measures

The primary outcome is anxiety severity after a 6-week intervention

GAD-7: The General Anxiety Disorder 7-Item (GAD-7) Scale is a self-report scale that measures
symptoms of generalised anxiety disorder (GAD). It has been validated in adult populations and
shown to have good psychometric properties among adolescents as well [23, 24]. The GAD-7
demonstrates good internal consistency (Cronbach's a=0.91) and unidimensional factor structure
and is associated with self-report measures of depression and social anxiety, indicating construct
validity. The GAD-7 also appears to have good psychometric validity across different cultures, with
adequate internal consistency (Cronbach's alpha of 0.77) and desired convergent validity.
Additionally, GAD-7 has been found to have acceptable psychometric properties among adolescents
with persistent post-concussive symptoms (PPCS) [25]. Overall, the GAD-7 is a reliable and valid
tool for measuring symptoms of GAD in various populations.

Secondary outcome measures

e DASS-21: The Depression, Anxiety and Stress Scale is a validated self-reported
questionnaire consisting of 21 items, 7 items per subscale: depression, anxiety, and stress.
The DASS-21 Scale has demonstrated [26] sufficient high-quality evidence for bifactor
structural validity, internal consistency (bifactor), criterion validity (specifically for the
Depression subscale), and hypothesis testing for construct validity. However, there is
inconsistent moderate-quality evidence for measurement invariance across gender,
insufficient low-quality evidence for the reliability of each subscale, and sufficient low-
quality evidence for responsiveness for only the Depression and Stress subscales [27,28,29].

e Autonomic Balance questionnaire: These are 8 questions about the physiological aspects of
anxiety which could help determine if the user exhibits sympathetic dominance and
parasympathetic dominance.

e Semi-structured interviews focused on the content, frequency, and user experience of
intervention. (Figure 1)

Statistical Analysis
The analysis plan was pre-registered [30]

Effect sizes (Hedge’s g) were used to examine the magnitude of change from pre- to post-treatment.
Hedge’s g was interpreted as >0.2=small, >0.5=medium and >0.8=large. Hedge's g is a popular effect
size measure used in meta-analyses and systematic reviews. It is a standardised mean difference that
corrects for potential bias in small sample sizes, making it more appropriate for studies with unequal
or small sample sizes. Hedge's g is used to compare the difference between two group means, taking
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into account the pooled standard deviation. In the context of digital health interventions, Hedge's g
can be used to estimate the effect size of a particular intervention. It helps researchers to quantify the
effectiveness of the intervention and compare it across different studies in a meta-analysis.

A correlation matrix was used to examine the relationships among different variables and assess the
strength and direction of these relationships [see Appendix 1]

Results

Main outcomes

The study enrolled a total of 86 participants and the demographics are presented in Table 1.

Table 1. Age demographics of study participants

Age range N (%)
21-29 3
30-39 10
40-49 24
50-59 33
60-69 14
70+ 2

All participants were living with anxiety and 18.5% of participants (n=16) had self-reported to be
diagnosed with generalised anxiety disorder, 28% (n=24) were currently on anxiolytic or
antidepressant medication; 67.5% (n=58) of participants had previously consulted their general
physician (GP) for anxiety and 47.5% (n=41) had previously undergone CBT either digitally or with
a therapist. 73% (n=63) of the participants have never used a mental health app before. Additional
details of participants can be found in the Appendix 2.

The In-app GAD?7 assessment was filled in by 51 participants, before the start of Week 1; while 24
participants completed the GAD7 assessment at 6 weeks. A GAD-7 follow up was done at the end of
Week 10 and 12 respectively. All 86 participants filled out the DASS-21 assessment before the start
of Week 1 with 59 participants completing the DASS-21 assessment at 6 weeks (Table 2).

Table 2. GAD7 and DASS-21 assessments in participants

Time point | N | Mean + SD | Min-Max
GAD-7

Week 1 51 | 13.02+4.79 | 5-21

Week 6 24 1 9.75 +8.55 1-21

Week 10 30 | 7.83 £ 5.56 0-21

Week 12 20 | 6.9 +£5.84 0-21
DASS-D

Week 1 86 | 8.27£5.11 0-19

Week 6 59 | 6.56 +4.75 0-20
DASS-A

Week 1 86 | 6.40 + 3.87 0-17

Week 6 59 | 5.22 +4.02 0-17
DASS_S

https://preprints.jmir.org/preprint/57993
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Week 1 86 | 9.88 +4.16 0-20

Week 6 59 | 8.08 +4.43 1-20
Autonomic Questionnaire Score 1

Week 1 86 | 3.10 + 1.50 0-6
Autonomic Questionnaire Score 2

Week 1 86 | 2.23+1.57 0-7
Autonomic Questionnaire Score 1

Week 6 86 | 1.81 +1.85 0-6
Autonomic Questionnaire Score 2

Week 6 86 | 1.53+1.69 0-6

Autonomic Questionnaire Score 1

Week 10 86 |1 0.90 +1.51 0-6

Autonomic Questionnaire Score 2

Week 10 86 | 0.65+1.29 0-6

Autonomic Questionnaire Score 1

Week 12 86 | 0.60 +1.32 0-5

Autonomic Questionnaire Score 2

Week 12 86 | 0.48 £1.18 0-6
DASS: Depression, Anxiety and Stress Scale; GAD: Generalized Anxiety Disorder; Min: Minimum,;
Max: maximum; SD: Standard deviation.

Anxiety symptoms reduced over a 6-week period. There was a significant reduction in anxiety of
3.27 points as measured on the GAD-7, from 13.02 to 9.75, after 6 weeks. This improvement
continued in the follow-up period, with a further 1.92-point reduction from week 6 to week 10.
(Figure 2)

Effect sizes (Hedge’s g) were used to examine the magnitude of change from pre- to post-treatment.
Hedge’s g was interpreted as >0.2=small, >0.5=medium and >0.8=large. The effect sizes were
medium for GAD-7 and small for DASS-21 (Table 3).

Table 3: Within-group effect sizes over time

Measure Week 1 to Week 6 | Week 1 to Week 10 | Week 1 to Week 12
within-group effect | within-group effect | within-group effect
size (Hedges’ g |size (Hedges’ g |size (Hedges” g
(95% CI)) (95% CI)) (95% CI))
GAD-7
-0.53 (-1.02 - -0.03) | -1.02 (-1.50 - -0.54) | -1.2 (-1.75 - -0.65)
DASS21-D
-0.34 (-0.68 - -0.01) | n/a n/a
DASS21-A
-0.3(-0.63-0.03) | n/a n/a
DASS21-S
-0.40 (-0.74 - -0.07) | n/a n/a
Autonomic
Questionnaire

https://preprints.jmir.org/preprint/57993
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score 1
-0.77 (-1.08 - -046) | -1.46 (-1.80 —1.13) | -1.77 (-2.12 - -1.42)
Autonomic
Questionnaire
score 2
-0.43 (-0.73--0.13) | -1.1 (-1.42 - -0.78) -1.26 (1.59 - -0.93)

CI: Confidence interval

In terms of Recovery, the analysis included 24 participants who completed the GAD-7 at the end of
week 6 and found that 10 had reduced their GAD-7 score to 7 or less. This represents a recovery rate
of 41.6%. In terms of Improvement, the analysis included the same 24 participants and found that 12
had reduced their GAD-7 score by 3.53 points or more and met the criteria of caseness at the start of
intervention, representing a Reliable Improvement rate of 50%. Reliable recovery (if participants
meet both criteria for reliable improvement and recovery) was obtained by 9 participants and is
calculated at 37.5%.

Qualitative analysis

At 6 weeks post-intervention, a Qualtrics survey was conducted with the following results based on
data from 56  participants who completed the  Satisfaction questionnaire
The following are the highlights with the detailed results available in the Appendix 3.

87.5% of participants said that Resony Anxiety app helped them with their anxiety

64% said that the App was effective in managing their anxiety

66% said that the App met or exceeded their expectations

53% said they were satisfied with the App, 34% were neither satisfied nor dissatisfied, 13%

were dissatisfied
® 95% of participants said that they enjoyed using the Resony app with 75% mentioning that
they found the App easy to use and 76% mentioned that they found the App convenient to use
® 77% of participants would recommend Resony Anxiety to a friend or family member who has
anxiety

Discussion

On the GAD-7, at baseline participants were reporting moderate levels of anxiety. By post-
intervention, they were reporting mild levels of anxiety which was sustained at follow up 1 and
follow up 2. On the DASS21 scales, participants reported normal levels at baseline and post
intervention. Participants may have experienced sympathetic dominance at baseline, post-
intervention, follow up 1 and follow up 2 as measured by the autonomic questionnaire.

Small-to-large within group effects favouring the Resony Anxiety app on all variables were
observed. The severity of GAD symptoms within-group was decreased with medium-to-large effects
from baseline to post-intervention, and these improvements were sustained at both follow ups.

Qualitative feedback received from participants post-study indicated that the program was helpful in

https://preprints.jmir.org/preprint/57993 [unpublished, non-peer-reviewed preprint]
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managing their anxiety, and most participants reported they enjoyed using the app, found it easy and
convenient to use, and would recommend it to a friend or family member with anxiety. The
intervention was found to be safe by participants, even by those who suffered with severe anxiety.

The results observed and reported in this pre-post study have been achieved using Resony as an
unguided intervention. In that respect, it can also be seen to be a real world study. It opens up the
benefit of Resony being used independently by people who suffer from anxiety but who do not
present to their GP or self-refer to NHS Talking Therapies. There are many patients who don’t
interact with the NHS but self-diagnose and self-manage their anxiety. It also opens up the possibility
for Resony to be offered to patients who have been assessed but are awaiting a therapeutic
intervention i.e. on a waiting list.

In terms of limitations, a relatively low percentage of participants completed the assessments in the
study due to an absence of external intervention in the digital only anxiety program. In addition,
there were no notifications in the App to remind participants to complete the assessments. Both
points above were evidenced in the qualitative feedback received from participants post study. The
lack of notifications may have reduced the effectiveness of Resony and also influenced the low
completion rate of the assessments. In the qualitative feedback, participants proactively suggested
adding notifications into the App to assist them in following the programme and completing the
assessment questionnaires.

Limitations

Despite the promising potential for Resony Anxiety that this data shows, the study is not without
limitations. The lack of a comparator condition, including the study design which was an unblinded
study, that may have affected the results. Further, there was no evaluation of the participants’ self-
reported scores by a healthcare professional and the evaluation completion rate was low, partly due
to the fact that no notifications were sent out to participants. It is necessary to conduct a larger study
with a multicentre, parallel-design randomised control trial to better assess the effectiveness of the
Resony Anxiety App.

Conclusions

The results suggest that the Resony Anxiety app is effective and safe for use in reducing anxiety in
adults. This result was achieved by Resony as an unguided intervention, while participants used the
app for a six-week program at their own discretion. Further studies with larger sample sizes and more
robust experimental designs (i.e. randomised controlled trial) should be undertaken to validate these
initial promising findings.
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DASS21 x Autonomic Questionnaire.

DASS 21 x Autonomic questionnaire

Please read each statement and select a number 0, 1, 2 or 3 which indicates how much the statement
applied to you over the past week. There are no right or wrong answers. Do not spend too much time
on any statement.

The rating scale is as follows:

0 - Did not apply to me at all - NEVER

1 - Applied to me to some degree, or some of the time - SOMETIMES

2 - Applied to me to a considerable degree, or a good part of time - OFTEN
3 - Applied to me very much, or most of the time - ALMOST ALWAYS

# 2, For each statement, please select a number (0,1,2 or 3) to indicate how much it applied to you over
the past week:
0 - Mever 1- Sometimes 2 - Ofen 3 - Almost always

I fourd it hard o wind
dmam

I 'was aware of drymess
af my mouth

I couldn® seem o
EXpEnenca any pasive
feeling at all

I experienced brealhing
difliculty (&g, excessraely
rapid breathing,
breathlessness in the
abaence al physical
Exerlion)

1 foured it difficult fo work
up the inidative o oo

things

lipnded o over-neact o
situations

I gaparignced trembling
{eg, in the hands)
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Anxiety symptoms over time measured with GAD-7 questionnaire.

GAD?7 scores before and after the digital intervention
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Correlation Matrix.
URL.: http://asset.jmir.pub/assets/d69c28a6871e0f99231f897¢8c96df08.docx

Health Questionnaire at Baseline.
URL.: http://asset.jmir.pub/assets/065f1¢116417ef51b7f5ffc6118c9a22. pptx

Post Intervention Questionnaire.
URL: http://asset.jmir.pub/assets/6d062eae436e61135b461294619565f a.pptx
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