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Abstract: Evidence-based psychological interventions are growing in number but are not within reach of 
many individuals who could benefit from them. The recent revolution in digital technologies now makes 
it possible to reach people around the globe with digital interventions in the form of web sites, mobile 
applications, wearable devices, and so on. Although a plethora of digital interventions are available online 
few are evidence-based and individuals have little guidance to decide among the multitude of options. We 
propose the development of “digital apothecaries,” that is, online repositories of evidence-based digital 
interventions. As portals to effective interventions, digital apothecaries would be useful to individuals who 
could access evidence-based interventions directly, to health care providers, who could identify specific 
digital tools to suggest to or use with their patients, and to researchers, who could study a range of tools with 
large samples, enabling comparative tests and evaluation of moderators of effects. We present a taxonomy of 
types of in-person and digital interventions ranging from traditional therapy without the use of digital tools 
to totally automated self-help interventions. This taxonomy highlights the potential of blending digital tools 
into health care systems to expand their reach. Digital apothecaries would provide access to evidence-based 
digital interventions (both free and paid versions), provide data on effectiveness (including effectiveness 
for diverse populations), and encourage the development and testing of more such tools. Other issues 
discussed include: criteria for inclusion of interventions into digital apothecaries; how digital tools could 
enhance health care for diverse populations; and cautionary notes regarding potential negative unintended 
consequences of the adoption of digital interventions into the health care system. In particular, we warn 
about the potential misuse of evidence-based digital interventions to justify reducing access to live providers. 
Digital apothecaries bring with them the promise of reducing health disparities by reaching large numbers of 
individuals across the world who need health interventions but are not currently receiving them. The health 
care field is encouraged to mindfully develop this promise, while being alert not to cause inadvertent harm. 
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Introduction

Over the last 50 years, psychological interventions have 
been developed and tested in a large number of clinical 
outcome studies. The preponderance of the empirical 
evidence supports the efficacy and effectiveness of these 
interventions for a number of health conditions, including 
both mental and physical disorders. However, most people 
who suffer from these disorders do not have access to these 
evidence-based interventions. Thus, the prevalence of 
mental, emotional, and behavioral disorders for which there 
are demonstrated effective interventions has not decreased 
in the general population. Moreover, health disparities 
abound: individuals lower in the socioeconomic structure 
and in less industrialized countries often have less access to 
health care.

In the last 40 years, there has been a revolution in the 
development of digital technologies that have gradually 
penetrated the farthest reaches of the globe. In the 1980s, 
personal computers were introduced; in the 1990s, the 
World Wide Web began to provide information globally, 
and the introduction of smartphones in the 2000s brought 
the Web literally to our fingertips. Clinicians quickly 
recognized the potential of creating interventions that 
could be delivered digitally, using text, graphics, audio, and 
eventually video elements. Unlike printed matter or older 
mass media, such as radio, television, and audio and video 
recordings, which only allow one-way communication, 
internet-based websites and mobile applications have 
interactive features that allow users to input data that can be 
used to trigger appropriate responses from the program and 
that can also be used to track clinical progress. A number 
of digital interventions including web-based and mobile 
health applications are now available to anyone in the 
world with access to the internet. But, most of these digital 
interventions are not tested (1), nor are they designed by 
or with health care professionals (2). On the other hand, 
recent meta-analyses clearly show that guided and unguided 
digital interventions are effective for such disorders as 
depression (3-5), cause less deterioration in users than 
control conditions (6), and have even been shown to prevent 
new episodes of depression (7). Platforms to direct users 
to credible and effective digital interventions for specific 
health conditions should thus be a high priority. 

This article describes and expounds on the concept 
of “digital apothecaries” (8), that is, internet portals 
that contain links to and evaluations of evidence-based 
digital interventions. The authors have experience in 

the development, evaluation, and dissemination of such 
interventions. What follows is their joint recommendations 
on enhancing the potential of digital apothecaries and 
cautionary advice about possible unintended consequences.

Digital apothecaries

The term “digital apothecary” refers to an online collection 
of digital interventions. It is intended to hark back to the 
image of an old-fashioned pharmacy that provided herbal 
and chemical ingredients as well as advice on how to use 
them to address health problems. The word is still in use in 
several European languages to denote licensed pharmacies. 
But, it stems from an Ancient Greek word meaning “a 
repository or storehouse.” Thus, digital apothecaries 
would be online repositories that provide ready access to a 
number of digital interventions, including websites, mobile 
apps, and other digital tools designed to have preventive 
or treatment effects. Unlike old-fashioned apothecaries, 
which relied on the pharmacist’s clinical judgement, digital 
apothecaries could prominently provide the basis for each 
offering’s effectiveness based on empirical data. Ideally, the 
digital interventions or the apothecaries themselves would 
continually collect and transparently present outcome data, 
so that users would have a basis for choosing which to use.

There are already examples of pioneering digital 
apothecaries. Many of these examples have functioned 
primarily to direct people to potential options for specific 
symptoms or disorders. For example, the United Kingdom’s 
National Health Service (NHS) sponsors a digital app library 
(https://apps.beta.nhs.uk/) that currently promotes tools for 
cancer, chronic obstructive pulmonary disease, dementia, 
dental health, diabetes, healthy living, learning disabilities, 
mental health, and pregnancy and child health. Apps are 
vetted prior to their inclusion but no specific details are 
provided about effectiveness. A similar effort is supported 
by the U.S. Department of Veterans Affairs. The Veteran’s 
Health Administration National Center for Posttraumatic 
stress disorder (PTSD) system has developed a set of 
many apps focused on specific health topics that are in the 
public domain. These apps, among others, are available in 
the VAMobile App store (https://mobile.va.gov/appstore/
veterans) and include apps and Internet interventions 
addressing PTSD, depression, sleep problems, anger, 
smoking cessation, alcohol use, parenting, and emotion 
regulation, and is intended for use by veterans and mental 
health providers within the Veterans Health Administration 
as well as others, globally, who may find them useful. This 
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digital apothecary is useful because all apps have been 
created and vetted by a reliable and trusted source. However, 
it fails to include the vast array of tools developed outside of 
Veteran Affairs and the Department of Defense. 

Other models of digital apothecaries are those that 
identify and evaluate digital interventions from diverse 
sources and disseminate information based on these 
evaluations to consumers. An early effort in this domain 
is the Beacon website (https://beacon.anu.edu.au/), which 
aims to help health care consumers and clinicians find high-
quality digital interventions (9). It was launched in 2009 at 
the Australian National University with funding from the 
Australian government. Interventions included in Beacon 
were reviewed by two researchers to determine the strength 
of the research evidence and rated on a seven-point scale. 
Although Beacon was last updated in 2016, it currently 
consists of 445 listings (340 websites, 59 mobile apps, 46 
support groups) in 40 health categories including 28 mental 
health categories. Users were also invited to contribute 
reviews. The Beacon site is currently being updated and 
undergoing expert review of its processes to ensure that 
it can optimally feed in to the Australian Government’s 
Head to Health digital mental health services portal 
(https://headtohealth.gov.au) and will therefore commence 
reviewing additional interventions in the future.

PsyberGuide (www.PsyberGuide.org) is an active version 
of a digital apothecary. Founded in 2013, PsyberGuide 
is a non-profit project of One Mind, a philanthropic 
organization promoting research on brain health. The 
goal of PsyberGuide is to empower consumers to make 
responsible and informed decisions about internet sites 
and mobile applications for mental health. PsyberGuide 
achieves this goal through two functions: identification 
and evaluation of digital interventions. Inclusion on 
PsyberGuide does not represent an endorsement of those 
products, but rather is meant to provide a thorough review 
of the research evidence supporting an app, user experience 
and usability, and issues related to data security and 
privacy. As such, rather than producing a single score, each 
product is rated on multiple facets including credibility, 
user experience, and transparency of data security and 
privacy. Credibility and user experience ratings actually 
only correlate at an r=0.22 (1), suggesting that products that 
have the most research evidence supporting their efficacy 
are not necessarily the most usable or user-friendly. This 
demonstrates the usefulness of multi-faceted assessments 
within digital apothecaries as the real-world effectiveness of 
digital interventions is likely driven by multiple aspects (e.g., 

use of evidence-based behavior change techniques, ease of 
use, user appeal and persuasiveness). 

None of these examples, however, fully realize the 
dream of providing wide-ranging access to a broad range 
of digital interventions, and consistently compiling 
detailed information regarding their effectiveness. These 
examples, however, demonstrate several challenges for 
digital apothecaries moving forward including balancing 
comprehensiveness vs. usefulness for a given user base, 
identifying new products, keeping reviews current (both 
in terms of changes to the knowledge supporting the 
intervention and updates to the intervention itself), and 
reaching consensus on the process for identifying and 
evaluating products. 

Digital apothecaries and traditional clinical 
practice

Digital interventions can be offered on their own but can 
also be great aids for providers. Digital apothecaries could 
help clinical practitioners identify digital interventions to 
either augment their traditional therapeutic methods or 
suggest evidence-based interventions their clients could use 
to address additional issues, use while waiting for services, 
or to help prevent relapse after in-person care has ended. 

Figure 1  presents four types of possible health 
interventions: type 1 consists of traditional in-person 
clinical services that do not use digital interventions; type 2 
consists of in-person clinical services augmented by digital 
interventions or what has been referred to elsewhere as 
“blended care” (10). Both type 1 and type 2 services involve 
a clinician-client/patient contract, in which a licensed 
professional provides therapeutic services to an individual 
and assumes responsibility for the conduct of treatment. 

Types 3 and 4 are self-help interventions, which do 
not involve a therapeutic contract. Let’s begin with 
describing type 4 interventions, which, being self-help, 
totally automated interventions, are most similar to the 
use of self-help books. Though the interactive elements 
that digital interventions make possible may enhance the 
power of the intervention, the user is not offered official 
clinical care. Authors of self-help books are not expected 
to take on clinical responsibility for the reader once they 
present materials they believe will be helpful. Similarly, 
the developers of such self-help tools are not entering 
into a therapeutic relationship with the user, though this 
should be made explicit. Type 3 interventions are often 
referred to as “guided” interventions (11). They add human 
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support to the digital intervention to increase adherence, 
provide additional explanation of the digital content, and 
encourage the user to complete the intervention. Human 
support could be in the form of phone calls, emails, 
texts, video conferencing, or in-person sessions. The 
individuals providing this support are typically not licensed 
professionals although when they are it does raise ethical 
and legal questions as to whether a therapeutic contract is 
established.

Digital apothecaries could include a range of type 2, 3, 
and 4 interventions. The question of which interventions 
would be “good enough” to include is a challenging issue, 
which we consider in the next section. 

Threshold for inclusion in evidence-based digital 
apothecaries

We would argue that, regardless of the exact threshold 
for inclusion that is selected (e.g., specific number of 
studies, required samples sizes, etc.), there should be some 
minimum criteria for inclusion in evidence-based digital 
apothecaries. What the threshold should be for inclusion 
is an interesting challenge. On the one hand, making the 
threshold for entry easy to achieve will allow for a multitude 
of options which could be investigated within the context 
of the apothecary. If the threshold for entry were high, 
e.g., allowing only products with effectiveness established 
through numerous large randomized controlled trials, 
then only programs originating from very well-funded 
groups (i.e., those that can afford to run large treatment 
trials) would be included. Further, it can take years to 
accumulate the necessary outcome data, and slow evaluation 
is especially problematic for digital interventions where the 
technology is constantly evolving (12,13). An easy entry 
bar could thus foster innovation and more widespread 
evaluation of new programs. On the other hand, it is 

essential that the public have access to those programs with 
the best available research support and that it is protected 
from programs that are likely to have iatrogenic effects. 
There are potentially serious costs to offering programs 
that are totally untested. These include both direct costs 
from programs that cause harm (e.g., worsening mood) 
and more indirect opportunity costs because a person who 
is completing an unhelpful intervention at the apothecary 
may then not receive a more helpful intervention (e.g., 
because they assume all programs will be similarly 
ineffective). Thus, finding the right middle ground of 
making entry for new programs into the apothecary 
feasible, but also incorporating safeguards, is essential.  
There are many entry models to consider. Evaluating a 
new program’s evidence base and keeping that evaluation 
up-to-date as new evidence accumulates is not a simple 
undertaking. For instance, both the American Psychological 
Association’s new Clinical Practice Guidelines initiative 
(http://www.apa.org/ptsd-guideline/index.aspx) and the 
United Kingdom’s well-established National Institute for 
Health and Care Excellence (NICE) guideline development 
process (https://www.nice.org.uk/) follow the Institute 
of Medicine’s guideline standards (14). The guideline 
development process involves an extremely rigorous—but 
thus also expensive and very time consuming—independent 
systematic review process that requires considerable 
evidence from high quality research studies before an 
intervention can receive a recommendation from a panel 
of experts (15). A more moderate threshold for entry could 
be modeled on the Society of Clinical Psychology, which 
followed Chambless and Hollon’s (16) recommendation 
that a treatment can be deemed “efficacious” if its efficacy 
has been established in two well-designed studies from 
independent research groups (typically randomized 
controlled trials, though there are other methods that can 
meet the criteria; see https://www.div12.org/psychological-

Clinical services: clinician-client contract Digital interventions: self-help

Type 1 Type 2 Type 3 Type 4

Face-to-face (e.g., traditional 
therapy)

Face-to-face augmented with 
technology (e.g., teletherapy, 
therapy using online tools, apps)

Guided interventions (e.g., using 
coaches to increase adherence 
with online intervention)

Totally automated interventions 
(with no human guidance, like a 
self-help book)

Consumable Consumable Consumable Non-consumable

Figure 1 A taxonomy of types of face-to-face and digital interventions.
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treatments/). 
By setting minimum standards for inclusion and reporting 

of evidence and focusing on the information needs of 
program users and referring clinicians, a digital apothecary 
may encourage standardization across research groups to 
facilitate comparisons across interventions. For example, it 
may encourage researchers to use best practice guidelines 
in reporting outcomes (17), to routinely measure and report 
negative effects in a systematic manner (18), to report real-
world data, as well as data from controlled studies, and to 
include analyses that are meaningful to clinicians including 
program completion rates, clinical significance, and reliability 
of change (19).

Where it is not feasible to provide controlled outcome 
research for individual interventions, content analyses can 
assess the degree to which such interventions are consistent 
with clinical best practice and incorporate components that 
are likely to be “active”. Taxonomies provide standardized 
language and classifications to assist comparisons. For 
example, the behavior change technique taxonomy 
(CITATION) (20) classifies 93 behavior change techniques 
within 16 categories and has been used to evaluate mobile 
apps (21) and in the design of new interventions (22). An 
earlier iteration of this taxonomy has been incorporated 
into ratings of mobile app quality provided in a government 
portal (https://www.vichealth.vic.gov.au/media-and-
resources/apps-rating-process). 

Interventions for what? Disorder-focused vs. 
symptom-focused tools

Linked with the concept of what to include is the question of 
what the tools within a digital apothecary should be focused 
on and how the apothecary should be organized. Although 
early digital interventions were developed with disorder-
specific purposes, an increasing number of interventions are 
now available or being developed for common symptoms 
or problem areas such as sleep (23), procrastination (24), 
or relationship distress (25). Relatedly, many digital health 
interventions have begun to take a transdiagnostic focus to 
be relevant for a host of psychological disorders (26,27). 
This is consistent with trends in behavioral and cognitive 
therapies more generally which have been moving towards 
transdiagnostic approaches (28), “common elements” (29), 
or evidence-based kernels (30) to create tools that might be 
useful for a variety of people experiencing different mental 
health conditions. Two important considerations impact the 
decision on how to approach disorder-focused vs. symptom-

focused tools. First, how might people search for tools 
within an apothecary and second, how might this distinction 
impact the evaluation of such tools.

Little information is known about how and why people 
seek digital interventions for mental and behavioral health. 
It is very likely that many of these individuals, however, 
have not pursued traditional treatment resources. In a large 
web-based global smoking cessation trial over two-thirds 
of the visitors (68.6%) had not used any other methods to 
stop smoking prior to visiting the website (31). As such, it 
is unclear if people would know the right disorder-focused 
search terms to assess relevant resources. We recently 
conducted a survey that asked people what terms they 
would use to search for mental health apps. About a third 
of the sample indicated disorder-focused terms such as 
anxiety, depression, or bipolar. Another third of the sample 
indicated treatment-focused terms such as mood tracker, 
mindfulness, or cognitive-behavioral therapy (CBT). The 
remaining sample either focused on outcome terms like 
calm or happy, or indicated they really did not know where to 
start. As such, it that appears when it comes to intervention 
discovery, that disorder- and symptom-focused terms are 
pathways through which people search for appropriate 
products. Digital apothecaries could approach this issue in 
a variety of ways: by including screening tools that assess a 
variety of symptoms and point people to specific option or 
by tagging an intervention with a variety of labels to allow 
for discovery in multiple ways. 

It is also important to consider different ways of 
presenting information, including effectiveness information, 
to the users of the interventions. Users of an apothecary 
would likely want to know: will this intervention work 
for me? In light of this, evaluation questions focused on 
general benefit or perceived usefulness might help provide 
users answers to this question irrespective of a disorder or 
symptom-focus. Another way to approach this question is 
what are the disorders or symptoms that an intervention 
can be expected to address and what is the magnitude of the 
expected benefit. Users could also be provided with easy-
to-interpret ratings of strength of recommendations, based 
on established criteria. One advance that could help people 
understand likely benefit in both disorder and symptom 
paradigms would be evaluation tools that could draw from 
open text reports of benefit through methods like natural 
language processing. This has been demonstrated in the 
context of depression using chart review (32), and additional 
efforts could apply similar logic to benefits from digital 
interventions. 
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As sample sizes increase sufficiently, outcomes for 
subgroups of users could be made available. For example, 
outcomes by gender, age, socioeconomic status, education, 
ethnicity, language, religion, and so on.

Description of what digital apothecaries are 
intended to do

Digital apothecaries are intended to increase the reach 
of evidence-based health interventions to reach many 
more people than are served by traditional health care. 
Ideally, these individuals would include difficult-to-reach 
and underserved populations. See section on addressing 
diversity, below, for an expanded discussion of this goal.

They are also intended to provide low-cost alternatives 
to traditional health care, which relies almost entirely on 
consumable interventions. Consumable interventions are 
those that once used are spent forever and can never be 
used to serve another patient—such as a psychotherapy 
hour or dose of medication. Non-consumable interventions 
are those that can be used again and again without losing 
their therapeutic power. Type 4 digital interventions, 
such as totally automated websites or mobile apps, are 
non-consumable interventions that be used anytime and 
anywhere. This means that their marginal cost, that is, 
the cost of providing it to one more person, gradually 
approaches (though never reaches) zero. A website or an 
app that costs $100,000 to create costs $1,000 per user 
if 100 people use it, $100 per user if 1,000 people use it, 
$1 per user if 100,000 use it, and 10 cents per user if one 
million people use it. Psychotherapy sessions (type 1 or type 
2 interventions) generally cost one hour of a professional’s 
t ime,  no  mat ter  how many c l ients  seek  therapy 
(notwithstanding the relative efficiencies of group therapy). 
Similarly, guided interventions (type 3 interventions) require 
human intervention, which makes them consumable, and 
thus substantially more expensive than type 4 interventions. 
We display the consumable vs. non-consumable distinction 
as the final row in Figure 1. 

Digital apothecaries are also intended to provide 
information on the efficacy of the interventions, so 
that users can rely on empirical evidence to make their 
decisions. Ideally, digital apothecaries would encourage 
developers of these interventions to present outcome data 
on adherence, clinical outcomes, and clinical outcomes for 
key demographic groups (gender, age, language, education, 
income, religion, ethnicity, and so on). 

In addition, digital apothecaries have the potential to 

set standards for digital interventions by encouraging 
developers to abide by whatever guidelines are set for 
inclusion. 

Digital interventions will not have much impact at 
the population level unless they are actually tested in a 
way that allows anyone from the intended audience to 
participate in the outcome studies. This will increase 
the likelihood that the outcome study findings will be 
generalizable when scaled up for routine use. However, in 
order to reach large segments of the population, methods 
to increase utilization rates will need to be developed. Some 
of these methods might be innovative ideas for direct-to-
consumer dissemination. For example, we envision the 
possibility of requiring printing the URL of evidence-
based smoking cessation websites or apps on all cigarette 
packs. It is obvious that merely increasing the “supply” 
of such interventions has not been sufficient and so other 
advances in the field should focus on novel ways to increase 
the “demand” for and engagement with the interventions, 
possibly borrowing theories and concepts from marketing, 
gamification, or related fields. Much work needs to be 
done on both the recruitment and retention side for digital 
interventions to fulfill their promise of delivering adequate 
doses of care to those in need of services.

Apothecary applications for practice

An interesting application of a digital apothecary is its 
potential to contribute in real-world settings such as 
private practice and corporate or institutional settings. A 
digital apothecary could encourage clinicians in private 
practice settings to integrate evidence-based practices, 
could optimize care for those being seen in private practice 
settings, and provide behavioral health resources to 
individuals in large organizations without a need to see 
someone in specialty mental health practice.

Ideally, digital apothecaries would highlight for clinicians 
innovative methods to evaluate their clinical outcomes. 
Digital tools can provide unique and possibly unobtrusive 
methods to enhance care (33,34). Technology approaches 
can provide ongoing treatment assessment, address 
client adherence/attendance, provide options for peer 
support, and allow for in-between session client/therapist 
communication, which can all supplement or enhance 
the therapeutic process (see Figure 1, type 2, face-to-face 
augmented with technology). The capacity for technologies 
to track outcomes and other process variables can greatly 
enable the movement toward “Measurement-Based Care” 
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(35-37), in which mental health providers and managers use 
outcomes information to guide their decision making and 
monitor progress during treatment. Ambulatory assessment 
of mood, anxiety, activity level, sleep, cognitive functioning, 
and social behavior can enhance a clinician’s knowledge of 
client’s real-world, in situ, functioning. Such assessment 
approaches can also provide feedback to the client about 
their own functioning, enhance their awareness, and further 
engage them in the therapeutic process. For example, an 
ecological sampling method via smartphone can inform 
both the clinician and client how mood/anxiety symptoms 
fluctuate and what circumstances/contexts may be associated 
with those changes such as when a client is in a social 
situation, or exercising, or engaged in meaningful hobby, or 
when they are alone. Technology can also provide a novel 
framework for clinicians and clients to interact, provide 
quick reinforcement or feedback, and track/record triggers 
to address during the next in-person meeting.

An apothecary can also provide a fascinating opportunity 
to bring evidence-based programs that could address 
the well-being of employees of large institutions or 
corporations. A digital delivery system could help address 
common barriers to care such as stigma about seeking 
mental health care; a need to train clinicians in evidence-
based approaches; and address the logistics of where to go 
for care and finding the time to go to a clinician’s office (38). 
An evidence-based digital apothecary could provide well-
being programs that address general behavioral health skills 
and may serve as preventive trainings addressing areas like 
stress management, resilience training, and mindfulness 
training (39-41). It could help extend our focus beyond 
treatment into prevention, for example, by teaching users 
skills (e.g., mood management methods) before they 
develop problems. 

Addressing diversity

Evidence suggests that Internet and mobile technologies 
hold much promise for under resourced communities which 
experience significant burden from mental health problems 
as well as numerous contextual stressors such as poverty, 
war, conflict, natural disasters and other types of trauma 
(42,43). Mental health service use in these communities 
is often limited by clinician shortages, clinic availability, 
inadequate training of providers, and attitudinal and logistic 
barriers that prevent access to much needed treatment. 
Existing models of service delivery that require intensive 
and consumable resources are failing to meet the needs of 

these communities, and disparities in mental health care 
continue to rise. At present, there is limited but growing 
evidence to support the use of digital interventions in these 
communities, such as studies examining massive open 
online interventions (MOOIs) in lower middle income  
countries (44), telemedicine with rural communities 
(45,46), Internet interventions (47,48), and mobile based 
interventions with ethnic minorities (49-51). Some 
of these interventions have been used as stand-alone 
treatments while others leverage the use of community 
health workers to facilitate delivery of interventions. The 
use of a paraprofessional workforce may be an important 
adjunct to a digital apothecary, given data suggesting that 
some interventions may require at least minimal human 
contact to be effective (52,53). The growth of task sharing 
interventions (54,55), in which lay helpers are trained to 
offer evidence-based mental health interventions, presents 
an opportunity to explore integration of layperson delivery 
enhanced by use of effective technology interventions.

Although a digital apothecary has the potential to address 
many barriers that deter use of evidence-based treatments 
for diverse communities, the cultural appropriateness of 
these interventions will remain a topic of debate. The 
dilemma is whether to withhold interventions from any 
group on which the intervention has not been tested versus 
making interventions accessible to all, hoping that, even if 
there are differential outcomes, enough people will benefit 
to make universal access the preferable option. Digital 
apothecaries could contribute to providing answers to this 
conundrum based on empirical evidence. Specifically, our 
call to provide users with outcome information for various 
demographic groups will result in users’ ability to make 
data-based decisions on which interventions are likely to 
benefit individuals with their demographic characteristics. 
Eventually, sufficient data could provide increasingly 
accurate predictions of potential benefit at the individual 
level. It will also be critical to track iatrogenic effects as a 
function of group memberships and identities, so that there 
is ongoing evaluation for the possibility of differential rates 
of harm following from interventions.

A digital apothecary may integrate digital technologies, 
data science, and the mental health field, to function 
globally, transcend cultural factors (56), and enable 
“advanced personalized care” (57). A digital apothecary 
allows more people to access services, generating large scale 
datasets that could extend standard data sources (e.g., self-
report) with potentially millions of data points from diverse 
users to inform machine learning based algorithms and 
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assist with decision making (58).
Big data can inform cultural and linguistic adaptations 

of digital interventions with more diverse populations than 
are typically included in randomized trials. Data inputs 
may include images, GPS, voice-samples, etc. Machine 
learning may identify subtypes of conditions, encapsulate 
how conditions are experienced in diverse cultures and 
languages, flag risks, and recognize voice and text patterns 
as predictors of cognitions (e.g., suicidal thinking), 
behaviors or disease (59). It would be interesting, for 
example, to determine if the same voice patterns reflect 
clinically significant mood changes even if people speak 
different languages. Machine learning could also enhance 
the efficiency and accuracy of the adaptation and translation 
of digital content.

As data from “environmental sensors, wearables, and 
biofeedback devices” are integrated, services may be better 
customized for the patient’s clinical needs (59). Virtual 
human mental health providers may be sensitive to and 
adapt to cultural aspects, including mannerisms (e.g., eye 
contact) and language, in order to establish better rapport 
and facilitate effective communication (59,60). Algorithms 
such as artificial neural networks may enhance predictions 
that could improve the ability to “match patients with the 
most effective treatments” (61). 

Disparities in health care may persist in machine learning 
and artificial intelligence. Access to digital services is 
essential to ensure the broadest inclusion in data points that 
inform algorithms. Proposed solutions include policies to 
enable underserved populations to access and utilize “mobile 
and other health apps, personal health records, and/or 
participate in population-based research without incurring 
network data charges” (62).

Given the amount of resources needed to create 
culturally adapted evidence-based treatments, the feasibility 
of tailoring every digital intervention to every community 
that needs it is limited. Using existing adaptation 
frameworks, one approach might be to only tailor digital 
interventions when there is evidence to suggest that the 
intervention is not effective or does not engage the intended 
population (63). Such a data-driven approach might assume 
universal effects until evidence suggests otherwise. Some 
of the kinds of cultural adaptation identified (64) are 
relatively straightforward: language of the intervention, use 
of cultural symbols and sayings (metaphors), incorporation 
of cultural knowledge or content, and consideration of 
treatment context. In a review of cultural adaptations of 
CBT interventions for depression (65), adaptations focusing 

on the enhancement of acceptability (as opposed to more 
substantial changes in content) were associated with large 
effect sizes. Other research suggests that CBT interventions 
can work with those in very different cultural contexts, if 
adapted for the culture and situation of participants (66). 
However, while cultural adaptations may be necessary to a 
greater or lesser extent, we propose that technology may 
offer other alternatives. 

As an example, some digital interventions, such as 
attention bias modification (ABM) for anxiety disorders (67),  
may be inherently less culturally and linguistically 
influenced than others. ABM uses a probe detection task 
to retrain one’s implicit attentional bias away from threat. 
Visual stimuli, such as neutral and negative (anxious, 
scared, worried, etc.) faces, are used in this context. ABM 
is brief, requiring only 4–6 weeks of computer/tablet-
based practice, and requires minimal literacy (ability to read 
instructions). Alternatively, there are other interventions 
such as mindfulness-based meditation or breathing exercises 
which can be largely image and/or demonstration based 
and also not require much in regard to cultural or linguistic 
adaptations. 

A second method is  to use exist ing and future 
technologies to more easily tailor digital interventions 
to fit the cultural background and life circumstances of 
an individual or group. For instance, a digital depression 
intervention could be introduced in an urban-based 
health clinic that primarily serves African-Americans with 
diabetes. Digital interventions could allow practitioners 
or consumers to tailor visual images, clinical examples 
or educational material to fit the experiences of minority 
group members with a chronic illness. Future digital 
interventions would benefit from technology that would 
allow for simple tailoring of content without requiring 
extensive reprogramming and involvement of computer 
experts. Simple, low-cost methods to adjust digital 
interventions with respect to language, imagery, examples, 
etc. would greatly increase the reach of these interventions 
to underserved individuals across the globe. Certain groups 
may not have access to or may be not be inclined to use 
interventions found in a digital apothecary. However, 
recent data suggest that the digital divide is not as vast as 
it once was. A recent comprehensive survey of individuals 
from lower-income communities indicated that 85% of 
families below the poverty line have some kind of digital 
device, smartphone and/or tablet, in their household (68). 
Furthermore, 73% had one or more smartphones relative 
to 84% for families living above the poverty line. The 
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accelerated growth curve of mobile devices across the 
socioeconomic spectrum is not only found in the US, but 
globally with 75% of the world estimated to have access to 
a mobile phone and 77% of mobile subscriptions located in 
poorer countries in 2010 (69,70). Thus, digital connectivity 
may be less of an issue than previously thought. Attitudes 
and comfort with digital interventions may be a bigger 
issue. This is an empirical question warranting further 
investigation.

In addition to the promise of digital interventions as 
a method to reduce disparities in terms of access, there 
is a possibility that the increasing availability of these 
interventions may have an unintended negative effect on 
the ongoing struggle to deploy well-trained interventionists 
into underserved areas. As we envision them, digital 
interventions are not intended to supplant face-to-face 
treatments for all individuals who need them. It is clear 
that for some individuals, face-to-face treatment from well-
trained professionals is required. There is a risk that the 
proliferation of digital interventions may reduce urgency to 
close the unacceptable access gap with respect to face-to-
face therapy for individuals living in underserved urban and 
rural areas. From a social justice perspective, it is critical that 
the benefits of providing evidence-based digital interventions 
to underserved individuals not overshadow the need to 
continue to push for access to the full-range of mental health 
treatment resources for all (71). As Isaac Marks and coauthors 
point out (71): “patients should get all the time, expertise, and 
individual attention they need, but not more.” Giving patients 
more consumable care than they need implies that others 
who need the care will not receive it. 

Open questions and future directions

Many of us envision digital apothecaries that would make 
available evidence-based MOOIs (44), to anyone in the 
world at no charge. Those of us who share the goal to make 
health care a universal human right believe that having 
these tools accessible to all who need them is a goal worth 
pursuing. However, some in our group have pointed out 
that while the savings resulting from economies of scale 
of “non-consumable interventions” are real, our goal of 
free interventions does not take into account the costs 
involved in developing quality digital tools, updating them, 
adding new features, bug fixes, security fixes, obtaining 
and maintaining regulatory compliance, scaling servers 
and customer service, keeping content current with 
science, legal aspects, and oversight of data repositories. 

Nor does it yet provide a comprehensive model of the 
human supports needed to ensure effective engagement 
with the technologies and the associated costs as the model 
is expanded to accomplish widespread global delivery. 
In addition, driving ongoing engagement (“build it and 
they will come”—and actually use the websites or apps as 
intended) clearly is not the case with most interventions, 
except in very rare “hit it out of the park” game apps. 
Business models that will allow us to provide free digital 
interventions in our envisioned apothecaries have yet to be 
developed. Examples in other fields include such websites as 
Wikipedia and the Khan Academy. 

Issues of privacy and ownership of health data are also of 
concern to us. Ideally, we would develop digital apothecaries 
that allow users to access the interventions anonymously. 
How to do so and still allow the sites to reach out to these 
users to reduce attrition is an unsolved problem. Email 
addresses and phone numbers for sending them texts 
automatically identify them. Methods to allow users who 
want their data deleted from the system should also be 
developed. 

Similarly, issues of intellectual property need to be 
considered. Websites or apps can obtain traditional 
copyright protection. Alternatively, they can obtain a 
creative commons license, which specifies which parts of 
the website are available for re-use, as long as this is done 
without seeking commercial compensation. Proprietary 
websites or apps will certainly be part of the universe of 
digital interventions. They are likely to navigate the process 
of being approved for routine use in health care systems 
more often than open access digital interventions. The 
advantage of open access offerings in digital apothecaries is 
that they will be available to both those not served by health 
care systems and those within health care systems who 
choose to use them. 

An important unanswered question concerns whether 
the samples tested in the trials that determined efficacy 
will correspond to the apothecary’s eventual end users. For 
instance, in some cases, trial participants are paid or the 
recruitment methods might result in sampling biases that 
would introduce other differences between trial participants 
and eventual end users. Given enough users, especially 
those of diverse characteristics, one might be able to explore 
this through moderation analyses which are urgently 
needed not just in digital interventions but mental health 
interventions more generally. However, there will always be 
a challenge to bring people to digital interventions who are 
not interested in such resources, so user interests and needs 
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need to be considered at the design phase. We see these 
challenging issues as part of why a digital apothecary that 
includes transparent and dynamic (i.e., regularly updated) 
reporting of outcome data could be especially clinically 
useful. Unlike lengthy clinic-based trials, the apothecary can 
enroll participants rapidly and have the sample sizes to do 
moderator analyses, meaning that visitors to the apothecary 
can learn quickly and iteratively which subpopulations 
seem to benefit most from a given intervention. This 
may ultimately allow personalization and matching of 
interventions in a way that has not been possible thus far in 
the clinic.

Another interesting issue related to thresholds for 
inclusion concerns how to integrate cost-effectiveness data 
into the criteria. A key long-term goal will be conducting 
cost-effectiveness analyses that directly compare in-person 
to guided to fully independent interventions, and how those 
costs and benefits change as the interventions are scaled 
up. As evident in the United Kingdom’s NICE use of the 
“incremental cost-effectiveness ratio” to guide health care 
policy and treatment recommendation decisions, there are 
important real-world implications to decisions about cost-
effectiveness thresholds. We do not believe the state of 
the literature is at the point where we have data on cost-
effectiveness for enough interventions to use this as an 
initial inclusion criterion for the apothecary. However, 
we hope this will one day change; just as far more work is 
needed in the United States to evaluate cost-effectiveness 
of in-person mental health interventions, we hope that 
analogous attention will be paid to examining these issues in 
digital interventions.

Although the use of machine learning is an obvious 
next step, we are aware that “black box” algorithms can 
sometimes result in unintended discrimination against 
subgroups in the population (72,73). Several examples of 
such algorithms denying access to loans to minorities, or 
providing limited information to users because of their 
gender have recently been made public. We need to balance 
the potential benefits of deep learning and other such 
methods with human oversight to prevent negative effects 
on our society.

Conclusions

We envision the creation of digital apothecaries as a way 
to expand health service delivery globally. We believe 
such portals could contribute to the reduction in health 

disparities. In this article, we have listed many of the 
potential benefits, while also making sure that we do not 
assume that all outcomes of such a vision will result in 
positive outcomes. We want to make sure that we are on 
the lookout for unintended negative consequences. At the 
same time, we are aware that there may also be unintended 
positive consequences if we move in this direction. 
Increasing access to evidence-based interventions to people 
worldwide is a goal worth pursuing. We invite kindred 
spirits to contribute to actualizing this vision. 
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