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1 Introduction
Mental health problems are a huge burden on the

young population of the UK. According to Young Minds
[1], as of 2023, 1 in 5 people aged 8 to 24 has a prob-
able mental health disorder, and as of 2022, suicide
was the leading cause of death in people aged 5-35.
The William Templeton Foundation for Young People’s
Mental Health (YPMH) is working towards a future in
which fewer young people develop and suffer from
mental health conditions [2]. YPMH has specifically
focused on depression; however, depression is highly
co-morbid with anxiety [3], obsessive-compulsive
disorder (OCD) [4], and post-traumatic stress disor-
der (PTSD) [5], amongst other physical and mental
conditions. YPMH ’joins up’ the available literature
relating to mental health conditions and their causes
to build a whole and in-depth understanding of how
they develop. This enables them to create innovative
approaches for integrated, evidence-based care for
individuals and communities [6].

We live in an increasingly technological society,
and the healthcare field is no exception to these
changes. The current standard care for moderate to
severe depression in adults, according to the NHS
website, comprises primarily of talking therapies and
medications [7]. Care is similar for children and young
people, but is available through different services
[8]. Neuromodulation, such as repetitive transcranial
magnetic stimulation (rTMS), is only mentioned for
adults and is considered after ’severe depression
that has not responded to other treatments’ [7]. The
NHS also states that there are ’no physical tests for
depression’ [9], an idea which may soon become
outdated. This report provides an up-to-date overview
of mental health technologies, defining these as
non-pharmacological, non-talking-based hardware

and software that could be used for the prevention,
diagnosis, or treatment of mental health disorders.
The first section considers existing companies founded
since 2020 that can aid in the prevention, diagnosis,
or treatment of mental health conditions (especially
depression) in those under 25 years old. The second
section concerns emerging research innovations and
technologies that are not for mental health-related
applications or are still in early stages of development,
but have potential in this area. All scientific papers
examined were peer-reviewed journal articles.

2 Overview: The Current
Landscape

It is possible to group technologies into categories
based on the most relevant stage of care, and whether
the technology delivering the mental health function
is primarily hardware (physical) or software (virtual)
based.

Virtual Physical

Prevention
Wellbeing Platforms

AI to Monitor Vital Signs
EEG wearables

Diagnosis
AI to Analyse

Behaviour/Speech/
Brain Imaging

EEG wearables

Treatment
Treatment Platforms

VRET

EEG Neurofeedback
Photobiomodulation

Neuromodulation

Table 1: Categorising the different types of digital men-
tal health technologies currently available or being de-
veloped by companies since 2020.
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2.1 Wellbeing Apps and Virtual
Platforms for Specific
Communities

There are many wellbeing apps and virtual plat-
forms that can be downloaded onto people’s phones
or computers and are already on the market. These
technologies are designed to combat everyday mental
challenges such as stress and low mood and pre-
vent further problems from developing, rather than
providing clinical treatment for specific mental health
disorders. A review concluded that smartphone apps
helped reduce stress and depressive symptoms in a
cohort of 1706 people aged 10-35, relative to control
patients such as those who were on long waiting
lists with no intervention until they received care
[10]. A systematic review from 2020 concluded that
web and app-based support improved the well-being
of informal caregivers [11]. This is relevant to the
younger population because, according to the Royal
College of Paediatrics and Child Health, there are
over 500,000 young informal carers in the UK, and
this group reports poorer wellbeing compared to the
rest of the population [12]. In terms of innovations
since 2020, many new apps are tailored to specific
communities, perhaps because companies must find
their own niche in a relatively populated market.

An example of a newer app is Voda, established
in 2021 in London [13], and available to download
on iOS and Android [14]. It is a wellbeing app made
specifically for LGBTQ+ individuals. According to
their website, the app features techniques taken from
CBT (cognitive behavioural therapy), DBT (dialectical
behaviour therapy) and ACT (acceptance and com-
mitment therapy) therapy styles to manage stress
and anxiety, pre-recorded meditations led by LGBTQ+
people, and journal tools [14]. Techniques, advice,
and journal tools are specifically geared towards
LGBTQ+-specific experiences, such as coming out
and political anxiety. Voda is for those with ’mild to
moderate mental health conditions’, so it could act
as a preventative tool against serious mental illness.
There is evidence that unique stressors such as dis-
crimination disproportionately affect those identifying
as LGBTQ+ [15], so apps tailored specifically to this
group of people can be a useful tool for vulnerable

young people.

Another wellbeing app tailored to a marginalised
community is called Exhale, launched following the
murder of George Floyd [16] in 2020 and available
to download on iOS and Android. The app features
breath work, guided meditations, and coaching talks
specifically tailored towards black women [17]. A
paper in the Journal of Black Psychology highlights
how racial stereotypes targeted towards black women
are detrimental to their stress levels and mental health
[18]. Another study describes links between adverse
psychosocial factors (such as racism) and increased
CVD risk in African American women aged 19-24
[19], highlighting the need for tailored wellbeing sup-
port towards this community alongside campaigns to
erase the discrimination and unfair treatment they face.

One more example of a wellbeing app startup
launched since 2020 is 2BWell, for which development
began in 2023 [20]. It was created for Ukrainian people
affected by the war with Russia. According to the app’s
website, 2BWell offers heart rate variability (HRV)
measurements with fingertip scans to estimate stress
levels, chat groups for community, video support tools,
and fast access to psychotherapists [21]. Ukrainian
refugees in the UK, for example, are more likely to
have experienced homelessness, poor living condi-
tions, and uncertainty [22], as well as loss and grief
due to the war in their home country. Individuals under
18 make up 30% of those arriving in the UK on Ukraine
Schemes (Family or Sponsorship) as of 31 December
2022 [23]. These facts highlight a vulnerable, young
community in need of tailored support such as that
provided by the 2BWell app.

2.2 AI to Monitor Vital Signs
It is impossible to discuss recent technological

advances without mentioning artificial intelligence (AI).
One recent development is the use of deep learning
in remote photoplethysmography (rPPG), a technique
that analyses how skin reflects and absorbs light to
estimate blood volume pulse (BVP) signals. Vital
signs such as heart rate, heart rate variability, blood
pressure, and oxygen saturation can be derived from
these signals, enabling non-invasive physiological
monitoring from facial videos captured on smart-
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phones. A 2022 study by a Canadian research group
featured the ReViSe (Remote Vital Signs Measure-
ment Using Smartphone Camera) framework. The
framework uses neural networks to detect regions of
interest in facial videos, then extracts BVP signals, and
subsequently uses signal processing plus calculations
(for heart rate/heart rate variability/oxygen saturation)
or deep learning (for blood pressure) to calculate vital
sign readings. The study concluded that, to a fair
degree of accuracy (including a mean absolute error
of 2.49bpm for heart rate) that smartphone cameras
can be used for rPPG vital sign monitoring of vital
signs [24].

A startup called Panoptic AI, launched from Hong
Kong in 2020, has seen its co-founders mentioned
in Forbes’ 30 under 30 Asia 2024 for healthcare and
science [25]. Panoptic AI is the first FDA-cleared
mobile app for contactless pulse rate measurement
using the built-in camera of iPhones and iPads [26],
and is available to purchase on iOS. The company’s
software uses a standard smartphone or laptop
camera to scan a user’s face and, via its proprietary
signal processing and deep learning framework called
’Vitals’, estimates heart rate and provides other health
insights for the user [27]. According to the company’s
website [27], this technology is not a substitute for
in-person medical monitoring and is only suitable for
individuals not requiring regular vital sign supervision
for existing health conditions. However, it may offer
useful remote support for the general young adult
population, particularly by providing immediate feed-
back on physiological stress, a potential tool for early
intervention in mental illness prevention.

2.3 AI for Speech and Behavioural Anal-
ysis

There is evidence of links between features of
speech, such as reduced speed and more frequent
pauses, correlating to higher levels of depression
[28]. One paper also found spectral flattening (a lower
range of frequencies present) in speech in depressed
patients relative to healthy controls [29]. However,
some of the research within this topic is difficult to
interpret due to a lack of standardisation, and further
exploration with larger sample sizes is needed [28].
Besides acoustic features, the content of speech has

also been associated with depressive symptoms:
one study found that depressed patients tend to
use impersonal pronouns and shorter sentences
to communicate [30]. Additionally, slower cognitive
processing speeds and thus reaction times have been
correlated with depression [31], along with greater
pupillary dilation [32] and delayed disengagement from
emotionally negative stimuli (taking longer to press
"happy" in response to sad faces) [33]. If the vocal
markers of depression can be ascertained with a high
level of accuracy and repeatability, this could serve
as a powerful diagnostic tool to speed up the process
by which clinicians make diagnoses and provide
patients with feedback remotely on the severity of their
depression.

Thymia is a web platform that uses AI to analyse
various aspects of voice recordings, video recordings,
and behaviour using gamified activities on a patient’s
mobile phone [34]. In terms of voice aspects, the app’s
website states that it takes into account tone, pitch,
pauses, and other factors for emotional insights. It
also takes into account words and structures used for
cognitive insights. Additionally, the video tool analyses
small movements such as eye-gaze patterns, which a
clinician could not easily pick up on. Thymia features
’specially designed’ games, recording error rate, and
reaction time. This selection of measurements is con-
sistent with those examined in the literature. Founded
in London in 2020, Thymia reports clients across five
continents, supporting multiple languages [34]. The
client base consists of healthcare organisations; it
is a tool to aid clinicians in assessing their patients
[35]. Therefore (unless the company decides to also
advertise its products to individuals), in the context of
young people, it would only be useful for those under
25 already receiving care for their mental health. Its
current model is called ’Helios’ and is described as
a wellness range measuring ’mental strain, burnout,
stress, distress, tiredness and confidence’. However, a
clinical range by the name ’Apollo’ is set to be released
in late 2025, which will measure core symptoms of
depression, anxiety, and ADHD [34].

3



2.4 Software and AI for Brain Scan Anal-
ysis

2.4.1 Functional near-infrared spectroscopy

Functional near-infrared spectroscopy (fNIRS) may
be able to supplement clinical evaluation of depres-
sion. fNIRS measures neural activity in different areas
using the relative concentrations of oxygenated and
deoxygenated haemoglobin [36]. One investigation,
using fNIRS with neural networks to extract relevant
features from the raw statistical data, found that there
were differences in brain oxygenation in two prefrontal
cortex (PFC) areas in MDD (major depressive disor-
der) patients compared with healthy controls [37].

A recently launched startup, Optohive [38], is de-
veloping real-time brain activity monitoring technology
based on fNIRS. The company claims that this ap-
proach offers a more portable, safe, and cost-effective
alternative to traditional methods of assessing brain
function [39]. The Optohive website states that it mea-
sures blood flow changes in the brain during different
tasks and analyses the connectivity of different brain
regions, using its own ’OptoCap’ with sensors that
fit around the head, and ’OptoLytics’, its ’intelligent
software’ that processes raw data from the cap and
uses extracted biomarkers to provide insights into pos-
sible neurological conditions. Optohive has developed
caps in a variety of sizes from infant to adult, which is
important in applications for young children.

2.4.2 Multimodal Imaging

A group of researchers trained an artificial neu-
ral network (ANN) to recognise four psychopatholog-
ical dimensions: externalizing, psychosis, anxiety, and
fear, via brain scan markers. They used various types
of magnetic resonance imaging (MRI) as inputs: T1-
weighted MRI, rs-fMRI, and diffusion tensor imaging.
The network resulted in a predictive accuracy up to
0.464 [40]. Due to the low accuracy, further research
is needed, and at the moment, this network would only
serve as a supplementary tool for clinicians. Also, this
was purely literature-based, so once better predictive
accuracy is achieved, companies would need to capi-
talise on it and bring it to market.

2.5 Treatment Apps and Virtual
Platforms

Applications and virtual platforms for improving
wellbeing were described in section 2.1, but these
play more of a preventative role. Virtual tools may
also be implemented for the treatment of patients
who already have a mental health disorder. An
issue with the current psychotherapy provisions in
the UK is that usually, standardised therapy models
and time-frames are used for all patients presenting
with mental ill-health, but as a paper in The Lancet
Psychiatry suggests, therapy is not a ’one size fits
all’ approach [41] and many patients do not receive
appropriate support. If therapy can be delivered
virtually, using resources across the whole internet
rather than a therapist likely to be specialised in just
cognitive behavioural therapy (CBT) [42] and working
under tight time constraints, this could help patients
get the help that they need. There is also evidence
that combining different therapy modalities may be
useful: one paper found that integrative therapy (CBT
plus psychodynamic therapy) was more effective in
the treatment of generalized anxiety compared to CBT
alone [43].

Curamind is a web-based platform launched in
2023 [44]. It uses calls and quizzes to find the best
possible match of therapist for every patient, taking
into account cultural factors, the patient’s preferences,
and their budget plans [45]. Introductory calls are also
allowed with therapists so the patient can decide if that
specific therapist is suitable for them. The platform
also features mood tracking and journaling tools [45].
Curamind demonstrates a modern blend of taking
advantage of technology, but still having human ther-
apists to interact with patients. Slingshot AI, a startup
established in 2024, utilizes large language models to
learn from various therapy modalities (e.g., CBT, DBT,
ACT, Gestalt, and psychodynamic) to provide the most
realistic possible model for AI to deliver therapy [46].
This is still in beta testing.

2.6 VRET Technology
Virtual reality (VR) is ’the use of computer modelling

and simulation that enables a person to interact
with an artificial three-dimensional (3-D) visual or
other sensory environment’ [47]. Exposure therapy
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involves exposing patients to stimuli and situations that
produce fear and anxiety whilst in a safe environment,
to mitigate avoidance behaviour in diseases such as
phobias, PTSD, and OCD [48]. Virtual reality exposure
therapy, VRET, uses VR to create specific stimuli
and situations to be used in exposure therapy for
patients in the safety of a healthcare setting. It has
already been shown to reduce depression, anger,
and core combat-related PTSD symptoms in military
personnel and veterans [49], which suggests potential
in situations where young people have depression
comorbid with PTSD or trauma. Whilst investigations
for VRET for children/adolescents are not as common,
evidence shows it can reduce school-related anxiety
symptoms in adolescents [50].

Virtuallythere is a technology startup based in
Germany and founded in 2020 [51] that creates VR
systems to be integrated with psychotherapy [52].
They sell VR headsets paired with a library of videos
depicting different stimuli/situations. Interestingly, it is
a pre-set library of real-filmed videos, but in the future,
AI could be used to tailor very personalised videos to
each patient.

2.7 EEG Headsets
Electroencephalography (EEG) is a standard test

used to measure electrical signals generated by the
brain. It is typically performed by a clinical neurophysi-
ologist during an outpatient visit, and is mainly used
to identify the focus of seizures in epileptic patients
[53]. Quantitative EEG (qEEG) is a newer technology
that processes, transforms, and analyses digital EEG
signals using mathematical algorithms, providing
information on signal frequencies, connectivity, and
signal complexity in the brain [54]. Whilst its traditional
use in the NHS is not for mental health problems,
there is evidence that patients with generalised anxiety
disorder have characteristic patterns of brain waves
picked up by qEEG technology [55]. In another ex-
periment, a brain-computer interface was constructed
using EEG technology, and the EEG signals were able
to effectively measure stress levels whilst subjects
performed a stressful cognitive task [56].

Hird, a startup established in 2023 [57], partners with
companies to deliver its ’Corporate Athlete Program’,

in which each individual is given a headphone-like
EEG earpiece that tracks stress, focus, and mental
effort. The companion app then provides personalised
coaching and insights into which times are most
productive for each employee. It also provides monthly
anonymised insights for managers about the team
performance of their employees, giving feedback on
the type of environment that has been created in the
workplace [58]. This technology could be useful for
young professionals who are beginning corporate
careers, potentially keeping their stress levels from
increasing and preventing serious mental health
problems from developing.

Another start-up utilising EEG technology is Neu-
roX, founded in 2024 [59], which has developed
an in-ear qEEG wearable for continuous monitoring
of anxiety and focus levels, using AI to output an
overall mental state and with a companion app that
makes recommendations based on this mental state
[60]. They also provide in-person clinics in London,
Amsterdam, and Dubai, where each individual’s
qEEG readings are taken and mapped to create a
personalised plan for anxiety/ADHD/sleep issues.
Additional services include neurofeedback therapy,
where irregular EEG patterns are identified and the
patient immediately performs targeted exercises to
improve self-regulation [61], and Photobiomodula-
tion therapy [60]. This technology may be useful in
monitoring general mental states for the prevention of
disorders, but could also be used to aid clinicians in
the assessment or treatment of mental illnesses.

2.8 Photobiomodulation and Light Ther-
apy

Light therapy originated with bright light therapy,
treating patients with bright light in order to mimic
sunlight, for conditions such as seasonal affective
disorder (SAD). The impact of natural sunlight on
mood has been known for a long time, with indoor
workers with reduced access to natural lighting report-
ing sleep disorders, fatigue, lack of concentration, and
depressed mood [62]. As working conditions become
increasingly indoors and closed-off, attempts to mimic
natural sunlight and commercialise these products
have been made for many years. For example, Lumie
(a company which produces bright light lamps to help
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with SAD and mood improvement[63]) was incorpo-
rated into the UK Companies register in 2006 [64].
Notably, treatment with bright light reduces depressive
symptoms in patients who present with seasonal MDD,
but does not have as much of an effect in patients
whose disorder is non-seasonal [65]. As it would
appear in literature, interest in more recent years
has shifted from bright light therapy to the specific
wavelengths of red and near-infrared light.

Photobiomodulation (PBM) refers to the delivery
of low-energy red/near-infrared light (NIR) to tissues.
This has been shown to help repair damaged tissues,
and in the brain, enhance neurogenesis (forming new
neurons), cerebral blood flow, and synaptogenesis
(formation of new connections between neurons)
[66]. Depression is associated with many brain
dysfunctions, such as hippocampal atrophy, cell death
in the dentate gyrus of the hippocampus, reduced
connectivity between the hippocampus and prefrontal
cortex, and reduced blood flow to the prefrontal
cortex. Therefore, PBM is a promising treatment for
depression [66]. Studies from the field of psychology
and neuroscience also show that near-infrared light
directed towards the prefrontal cortex produces bene-
ficial cognitive and emotional effects in humans [67].
945nm LED (near-infrared) irradiation on the frontal
region via direct contact of the device with the frontal
bone caused significant reductions in symptoms in an
experimental cohort of individuals between 17 and 25
years old with anxiety and depression [68]. Although
PBM has shown promising effects for combatting
hippocampal dysfunction in rodents, light is decreased
in intensity as it travels through the skull and other
layers, so that only a very small fraction reaches the
cortex [69]. This makes it challenging to reach areas
other than the prefrontal cortex in humans, such as the
hippocampus, which is also implicated in depression.

SYMBYX is a start-up founded in Australia in 2020,
which has created an infrared and red light therapy hel-
met that delivers transcranial Photobiomodulation [70].
This product is only classified for ’general wellness’
and not for medical use, and targets the posterior
areas of the brain, intending to treat symptoms of
Parkinson’s disease. A test of this device found that it
was safe, well tolerated, and significantly improved all

specific motor scores but only in responders to PBM,
which constituted around 70 % of those who received
active treatment [71]. Perhaps there is potential for this
company to develop a similar helmet for depression.

SunLED, a company formed in 2024 [72], has
developed a ’Sunbooster’ device, soon to be released
to the market. It can be clipped onto a monitor and
delivers NIR [73]. Though they have not quantified
the effects of the specific Sunbooster product on de-
pressive symptoms or wellbeing, they do cite a host of
existing literature, including their team’s publications,
as evidence for its use.

2.9 Neuromodulation
Neuromodulation describes medical procedures

that ’change the activity happening in the brain through
directly stimulating it’ [74]. Established treatments
include repetitive transcranial magnetic stimulation
(rTMS or just TMS) [74], deep brain stimulation (DBS)
[75], and electroconvulsive therapy (ECT) [76]. TMS
is a non-invasive neuromodulation technique; it uses
magnetic induction of an electric field in the brain,
often featuring high-frequency stimulation of the left
dorsolateral prefrontal cortex. It is used to treat de-
pression and has been shown to decrease depressive
symptoms [76]. Deep brain stimulation is an invasive
technique where electrodes are placed intracranially,
and whilst traditionally used for Parkinson’s disease
and essential tremor, it is being explored for the treat-
ment of depression. It has shown overall effectiveness
in treating treatment-resistant depression (known as
TRD, describing patients who fail to improve after
trying two or more types of therapies) relative to con-
trols [77]. Electroconvulsive therapy, which involves
inducing a seizure in patients under anaesthesia, is
used in treating depression. It has shown large effect
sizes relative to controls, although it famously causes
transient neurocognitive impairment [76].

Whilst neuromodulation therapies have been around
since before 2020, one novel approach is called
transcranial focused ultrasound stimulation (tFUS). It
is non-invasive and can target deep brain structures
with good spatial resolution [78]. Literature is limited,
but a study published in 2020 demonstrated that
patients who received transcranial FUS to the right
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inferior frontal gyrus (an area involved in mood and
emotional regulation) of the PFC for 20 minutes or
more experienced a positive shift in mood compared
to controls [78]. According to a recently published
study, a group in Paris was able to create a portable
clinical tFUS device, using personalized metamaterials
that deliver treatment specific to each patient’s skull
shape. Using this device, depression scores showed
a significant change after 5 days of treatment [79].
Three of those involved with this study have helped
found a startup called Sonomind, registered in 2024
[80] to help transfer this technology to clinical settings
[81].

Another approach is from a startup founded in
2024 [57] called NeurTX, whose website states that
TMS can’t directly target deep brain tracts, FUS has
potential thermal risks, and DBS is invasive [82].
Due to these limitations, they are investigating and
developing a new technology called ’MiNT’ (Multifocal
image-guided Neuromodulation Therapy), which uses
real-time imaging to target and verify responses from
stimulation of specific deep brain structures, with
AI also being used to personalise treatment plans.
Information on their webpage about how this treatment
will work is not yet available, but it shows promise in
that it aims to mitigate the limitations introduced by
current therapies [82].

3 Emerging Technologies
3.1 Hydrogel Scaffolds

Hydrogels are 3D polymer networks known for their
water-absorbing capacity, structural flexibility, and high
biocompatibility [83]. They are already used in drug
delivery systems, such as the Gliadel wafer: an im-
plant placed at the surgical site following glioblastoma
resection. This implant gradually dissolves in the brain,
releasing the chemotherapeutic agent carmustine [84].

Recently, there has been growing interest in us-
ing biocompatible, hydrogel-based scaffolds in tissue
engineering to promote neural regeneration. This
is largely due to their ability to mimic the natural
neuronal environment by providing structural support
for axonal growth, as well as their capacity to be
loaded with key neuroregenerative factors such as

brain-derived neurotrophic factor (BDNF) [83]. While
effective hydrogel scaffolds for neural regeneration are
still under investigation and have not been introduced
to clinical practice, they show considerable promise,
especially those based on fibrin and collagen I, as
well as self-assembling peptide-based hydrogels
[85]. An injectable hydrogel loaded with exosomes
(extracellular vesicles that are derived from stimulating
neural stem cells and promote their neurogenesis and
migration) promoted cerebral angiogenesis (formation
of new blood vessels) and improved neurological
function in mice who underwent ischaemic stroke [86].
Combining exosomes with hydrogels allowed for a
more sustained and targeted release of exosomes
than injecting exosomes alone. Since reduced hip-
pocampal volumes and interconnectedness have been
linked with depression [87], in patients with scans
demonstrating a reduced hippocampal volume, neuro-
regenerative scaffolds implanted in the hippocampus
could be a form of treatment.

Another application of hydrogels is in neuromod-
ulation. One study described the fabrication of an
implantable wireless electrical stimulation-responsive
electrode based on an annular gelatin methacrylate-
polyaniline hydrogel, which can achieve wireless
electrostimulation via electromagnetic induction, and
give more ’favourable biocompatibility, biodegrad-
ability, conductivity, and compression resistance’
than implanting a conventional stimulatory electrode
[88]. This electrode-hydrogel complex was used to
achieve wireless electromagnetic induction in rats with
ischaemic stroke, with treatment over 7 days activating
neurogenesis and accelerating the repair of brain
injury [88].

3.2 Biosensor Technology
A novel biosensor technology is able to detect sero-

tonin levels in a clinically relevant range. It consists of
novel nanocomposites coated onto gold nanoparticles,
which are then deposited on glassy carbon electrodes
[89]. Whilst most of the public believes that depression
is caused by a chemical imbalance or low serotonin,
this theory has come under question and been
deemed an oversimplification because low serotonin
levels do not objectively cause depression [90]. Whilst
peripheral (in the blood) and central (in the central
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nervous system, separated from the periphery by the
blood-brain barrier) serotonin have an unascertained
relationship, there is some evidence that treatments
with selective serotonin reuptake inhibitors (SSRIs)
cause a decrease in peripheral serotonin levels [91]. If
the link between serotonin levels and SSRI treatment
response can be better established, serotonin levels
could serve as a useful biomarker to measure the
efficacy of different SSRIs.

Another clinically relevant neurotransmitter is
dopamine. One group of researchers made a poly(3,4-
ethylenedioxythiophene) (PEDOT) based nanocom-
posite coating and created PEDOT/functionalised
carbon nanotube-coated carbon fiber microelectrodes
(CFEs). These devices were able to directly measure
dopamine (DA) levels using square wave voltammetry
when implanted into the dorsal striatum of rats [92].
Since increases in DA synthesis and release in the
dorsal striatum are reported with schizophrenia [93],
if dopamine levels could accurately be measured in
this area, this could be a very useful biomarker for the
assessment of schizophrenia. In terms of relevance
to depression, comorbid depression was found to
have a prevalence of 28.6% in schizophrenia in a
meta-analysis of 53 studies. However, the median age
in this analysis was 35.9, and the rate of comorbid
depression increased with age [94], showing that the
younger patient cohort may not be the main focus for
novel innovations in this area.

3.3 Implantable Neuromodulatory
Devices

The right hippocampal head is less active in patients
with MDD than in controls, when they were asked to do
recollection memory tasks and fMRI data was acquired
simultaneously [95]. This hippocampal deactivation is
in addition to previously mentioned hippocampal de-
generation and decreased interconnectedness in de-
pressed patients [87]. Hippocampal reactivation and
regeneration could be promoted using promising novel
neuromodulation technology, which can create much
more efficient stimulation than that already in clinical
practice.

3.3.1 Magneto-electric Nanoparticles
Magneto-electric particles (MENPs) are a novel

neuromodulation framework that can apply low-
strength AC magnetic current fields in very specific
locations to directly modify neuronal behaviour [96].
This would allow easier specific targeting and spatial
resolution than TMS or FUS because it mitigates the
effects of signal attenuation as energy travels through
the skull. If nanoparticles can be manufactured to be
small enough and coated in specific substances, they
may be able to cross the blood-brain barrier and so
would not require surgical delivery [96].

MENPs have been shown to controllably induce
action potentials using AC magnetic fields (and inhibit
them using DC) [96]. Whilst research is still in early
stages, in this paper, 87.5 % of stimulation attempts
produced statistically significant (P < 0.05) changes
in neural activity in rat hippocampus neurons in vitro,
which could be good for activating the hippocampus in
humans with increased efficacy. Although the study
does not directly comment on neurogenesis, there is
evidence that chronic TMS using AC pulses induces
neurogenesis in the hippocampus of rodents [97],
which could apply to the MENPs.

3.3.2 Implantable Ultrasound Stimulators
A paper published in 2024 presents an implantable

piezoelectric stimulator, known as ImPULS, which ’de-
livers acoustic energy directly and precisely to popu-
lations of neurons in deep brain regions’ [98]. This
activated neurons in an ex vivo hippocampal slice,
and when implanted into the hippocampus of anaes-
thetised mice, elicited a significant increase in neu-
ronal activity after 14 days of implantation, with mini-
mal nearby microglial (a type of immune cell) activation
[98]. These results are promising for the stimulation of
the hippocampus in humans with depression.

4 Challenges and Limitations
4.0.1 The Problems with AI

One limitation of technology startups using AI is
that they are not always transparent about how exactly
their algorithms work. This would make sense to
prevent others from copying them; however, it limits
the detail of certain aspects of this report. One way to
get around this issue, as has been done by Thymia, is
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to include a page of relevant publications by members
of their team that back up the evidence base for the
technology used [34]. Whilst AI is a powerful tool, often
deep learning and AI algorithms appear as a ’magic
box’, where input is translated to output with users not
knowing the path taken and believing everything the
AI outputs without any skepticism [99]. It is important
that workplaces, companies, and individuals do not
take anything given by AI to be true at face value,
and critically appraise it as they would any other
technology.

An article published by the UN Environment Pro-
gramme describes the environmental implications
of large data centres that host large-scale AI de-
ployments [100]. These implications include water
consumption for cooling electrical components, re-
liance on rare earth elements that are mined in
environmentally destructive manners, and huge con-
sumption of electricity, which results in the emission
of greenhouse gases. Also, the electronic waste
produced by servers contains substances dangerous
to human health, such as mercury and lead. Because
the data centres are disconnected and far away from
the users of AI, it is not always easy to recognise the
devastating impact that the overuse of AI has on the
environment. The UN urges countries and the cloud
servers controlling data centres to recycle electronic
components and water, and to continue pushing for
renewable energy instead of fossil fuels for electricity
generation [100].

4.0.2 Geographical, Economic and
Sociopolitical Barriers

When researching for this report, it was found
that many companies were established before 2020
but launched new products or experienced scaling
up more recently, making them relatively novel but
excluding them from the scope of the report. As well
as financial reasons, there is a long and complicated
regulatory process to bring a medical device to the
market. This includes establishing device classifica-
tion, compiling conformity assessments, and preparing
marketing authorisation dossiers in the UK [101], and
each region has its regulations, such as those for FDA
approval in the USA [102]. Startups will have to gain
the approval of all the countries where the product is

to be made available. Whilst of course necessary, this
may delay return on investment for new startups.

Patients themselves may experience barriers to
accessing technologies, such as internet access.
Web-based platforms, applications, and many AI
algorithms require an internet connection [103].
However, internet access is very heterogeneous in
the modern world: for example, in 2021, the internet
access rate in China was 58.8% versus 82.9% in rural
and urban areas, respectively [104]. However, in the
UK specifically, access to the internet is widespread,
with 99% of adults aged 16-44 using the internet daily
or almost every day as of 2019 [105]. In terms of
access barriers, another is cost. Some technologies
mentioned in this report do not state a price yet;
however, some, such as Curamind, offer a free plan
[45] as well as paid, premium plans. Others are more
expensive, such as SYMBX’s ’Neuro’ light therapy
wellness device, costing £900 and a warranty only
extending for one year after purchase [70].

Cultural and societal factors surrounding mental
health could lead to reduced uptake within populations
who do have access to technologies. Several decades
ago, all mental illness was incredibly stigmatised by in-
dividuals and/or the media [106]. It is less stigmatised
now (albeit not completely free of stigma), with the
majority of people not unwilling to make friends with,
or work closely with, those with MDD [107]. However,
other mental health conditions such as schizophrenia
remain more heavily stigmatised [107]. When de-
pression and its comorbid conditions are stigmatised,
individuals may internalise these negative stereotypes
or worry about judgment from those around them, and
so would be less likely to take up novel technologies
or digital tools which could help combat their mental
illness.
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