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Abstract

Purpose of review: Opioid misuse, addiction, and related harm is a global crisis that affects
public health and social and economic welfare. Many of the strategies being used to combat the
opioid crisis could benefit from improved access and dissemination, such as that afforded by
smartphone apps. The goal of this study was to characterize the purpose, audience, quality and
popularity of opioid-related smartphone apps. Using web scraping, available information from 619
opioid-related apps (e.g., popularity metrics) was downloaded from Google Play, and 59 apps met
criteria for review. The apps were additionally coded for quality by two raters using an 8-item
screener for the American Psychiatric Association App Evaluation Model.

Findings: Sixty one percent of apps targeted patients, 29% providers, 8% the general community,
and 2% healthcare trainees. Regarding app purpose, 49% addressed treatment, 27% prevention,
and 24% overdose. Only one app met all criteria on the screener for quality, and there was no
association between a total score calculated for the screener and measures of app popularity (e.g.,
star ratings; R2=0.10, p=0.19).

Summary: Opioid-related apps available for consumers addressed key stakeholders (patients,
providers, community) and were consistent with strategies to address the opioid crisis (prevention,
treatment, overdose). However, there was little evidence that available opioid-related apps meet
basic quality standards, and no relationship was found between app quality and popularity. This
review was conducted at the level of consumer decision-making (i.e., the app store), where only a
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handful of opioid-related apps met quality standards enough to warrant a more detailed evaluation
of the app before recommendation for use. Because smartphone apps could be a critical tool to
increase access to and utilization of opioid prevention, treatment, and recovery services, further
development and testing is sorely needed.
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opiate; opioid use disorder; overdose; smartphone app; mobile health; mHealth

Introduction

Opioid use disorder (OUD) is a global epidemic, affecting over 16 million people and
leading to 120,000 deaths per year worldwide. [1] Along with the personal costs to families
and communities, OUD carries a substantial economic burden including costs of treatment,
loss of productivity, use of prescription opioids, and criminal justice. [e.g., 2] Multiple
strategies are being used to reduce opioid misuse, OUD, and related deaths, including
strategies focused on restricting supply, influencing prescribing practices, reducing demand,
and reducing harm. [3] Mobile technologies, in particular smartphone apps, are a promising
tool for carrying out many of these strategies to address the opioid epidemic. Smartphone
ownership is high globally, [4] and among a diverse population.[5] Smartphone apps are
being used widely for healthcare, [5] with some apps even being covered by health insurance
companies. [6] In the healthcare context, smartphone apps have shown initial utility in
patient care and monitoring; medical communication, education, and research; and clinical
reference, among other uses.[7] Therefore, smartphone apps for opioid misuse and OUD are
both in line with current health consumer trends, and provide a novel opportunity to reduce
opioid-related harm and death worldwide.

As the use of smartphone apps in healthcare has increased, so has concern about the quality,
efficacy, and privacy of these apps, [8] including potential risks to consumers. Risks of apps
may impact patient or provider users, health organizations, or other stakeholders, and
include risks related to privacy and security, quality of patient data, lifestyle or clinical
decision making by the patient, and/or clinical actions made by provider/professionals.[9]
Risk variables may be inherent to the app (e.g., app contains inaccurate or out-of-date
content), which could be reduced by risk assessment (e.g., peer review) and regulation (e.g.,
best practice guidelines, US Federal and Drug Administration [FDA] regulation). Risk
variables may be external factors dependent on app use (e.g., inappropriate use by someone
or for a purpose not intended by the developer) which could be addressed by educating users
about potential risks. [9] Another concern is that consumers may be utilizing apps based on
popularity (e.g., top returned searches in the app store) [10] rather than any evidence that the
app will minimize risk and maximize benefit for a healthcare need. Examples in multiple
contexts suggest that app popularity is not an indicator of clinical utility or usability, or even
accuracy [10, 11]. For apps addressing opioid use, the risks can be high; for example, poor
accuracy in dose calculations has been reported for opioid dose conversion apps, with
prescription error a significant risk factor for opioid-related deaths. [12, 13]

Curr Addict Rep. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vilardaga et al.

Methods

Page 3

In response to concerns about the quality, safety, and potential efficacy of smartphone apps
for healthcare, several models for evaluating and recommending healthcare apps have
emerged. These include risk frameworks [9], US FDA guidelines [14] and “precertification
program” [15], UK National Health Service (NHS) Health Apps Library [16], and even a
proposed “self-certification program” for developers that is subsequently validated or
challenged by app users (i.e., patients, clinicians) [17], among other emerging models. One
useful tool is the American Psychiatric Association (APA) App Evaluation Model [18],
described as a hierarchical framework for evaluation and informed decision making
regarding smartphone apps for clinical care. [19] The APA evaluation model is a multistep
process for patients and providers to consider information that is important when picking an
app for healthcare (focused on mental health apps), including: (1) access and background
information, (2) privacy and security, (3) clinical foundation, (4) usability, and (5) data
integration toward a therapeutic goal. Also offered is an Evaluation Model Screener, a brief
version of the model addressing what are considered to be the most fundamental questions
to ask when considering an app. [18]

The purpose of this review was to characterize currently available smartphone apps for the
prevention, management, and treatment of opioid use, misuse, and related harm from the
most-highly used app platform worldwide, Google Play. [20] The review process involved
categorizing the apps based on target audience and purpose; screening the apps using the
APA Evaluation Model Screener; examining Google Play metrics for app popularity (e.g.,
number of downloads); and evaluating associations between adherence to APA standards
and app popularity. The main goals of this review were to characterize the scope of available
opioid-related smartphone apps, and to better understand how measures of app popularity by
(presumably) consumers relate to information considered to be important to health
professionals in clinical-decision making. In this way, the review aimed to identify gaps in
development and testing of opioid-related apps.

Data from Google Play were obtained via web scraping on April 141, 2020. Web scraping
(i.e., web data extraction) involves using a software program (code) to identify Hypertext
Markup Language (HTML) elements on a webpage to extract and organize the data. Web
scraping has been used by behavioral researchers to efficiently extract and organize data
from publicly available websites for systematic review and analysis. [21] Since Google Play
web developers protect their HTML content to prevent large scale automated scraping, a
modified open-source Node.Js code was utilized [22] that leverages the Google Play
application programming interface (API) to request and pull data. The code was run for the
following keywords: gpioid use disorder, opioid abuse opioid misuse, opioid addiction,
prescription opioid misuse, prescription opioid abuse, opioid abuse treatment, opioid abuse
intervention, opioid abuse therapy, opioid abuse management, and opioid addiction recovery.

The same web scraping procedure was applied to the Apple App Store using the same list of
keywords. However, the procedure resulted in a very small sample of apps (n = 25), many of
which overlapped with those identified in Google Play. Additionally, key to the goals of this
review, the App Store only provided one popularity metric, star rating, and star ratings were
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computed using different algorithms in the App Store and Google Play, making cross-
platform comparisons difficult. Therefore, in line with the goals of this review to evaluate
app quality and popularity, only apps from Google Play were reviewed.

The following information was extracted for each identified opioid-related app: app
description, number of installs, average star rating, number of star ratings, number of
reviews, price, and date of last version update. Despite some limitations such as the potential
noise in a given review (e.g., number of reviews could be high but negative), these are the
popularity metrics in Google Play and therefore comprise the information available to
consumers when deciding whether or not to download an app. Note that in Google Play,
popularity metrics including average star rating, number of star ratings, and number of
reviews are calculated based on the apps’ current ratings, rather than the lifetime average.
This is described by Google Play as an effort to give users a better understanding of the
apps’ current state, since apps can change over time, and can often add and remove features.
[23] Although this is a limit to data transparency in Google Play, it is in line with the
conceptual framework of this review by including information that is available to consumers
at the level of decision-making (i.e., the app store) in the evaluation of apps. Other fields
such as app developer website, privacy policy, and Google Play app URL were kept to
facilitate app review and analysis. The results of each query were outputted to a JSON file,
which were then inserted into a Python notebook for pre-processing.

All of the search results were merged, and duplicates were removed, resulting in the final
dataset for analysis. Two coders independently reviewed the apps and identified those
offering specific opioid-related content. Apps were then classified based on target app
purpose and target audience. Finally, two coders independently reviewed each app and
applied the APA Evaluation Model Screener. [18] The first and last author reviewed the
evaluation results, refined codes as needed, and made final decisions about for any
discrepancies.

The APA Evaluation Model Screener [18] includes eight questions addressing information
considered important by health professionals in evaluating apps for healthcare. Each
screener question can be answered as yes/no. This includes: (1) On which platforms/
operating systems does the app work? (i.e., both Google Play and the App Store) (2) Has the
app been updated in the last 180 days?; (3) Is there a transparent privacy policy that is clear
and accessible before use?; (4) Does the app collect, use, and/or transmit sensitive data? If
yes, does it claim to do so securely?; (5) Is there evidence of specific benefit from academic
institutions, end user feedback, or research studies?; (6) Does the app have a clinical/
recovery foundation relevant to your intended use?; (7) Does the app seem easy to use?; and
(8) Can data be easily shared and interpreted in a way that’s consistent with the stated
purpose of the app? Note that questions (1) and (8) were modified for this review. In the
APA screener, question (1) includes, “Does it also work on a desktop computer?” Because
this review focused on apps, desktop versions were not evaluated. In addition, question (8)
about data sharing was not considered applicable for some apps (i.e., education apps, in
which there are no data to be shared), and therefore those apps were not scored on that
question, and total scores were adjusted (as indicated in Table 3). Note also that for question
(5), evidence of specific benefit from end users was not evaluated using Google Play ratings/
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reviews because these were tested as popularity metrics and furthermore ratings/reviews
were not considered to contribute to an app’s evidence base. All criteria were evaluated at
the level of consumer decision-making (i.e., the app store), to best approximate the
information available to consumers when choosing whether or not to download and try an

app.

For the current review, a total score was calculated as the average of yes=1 and no=0 for the
eight questions, where a score closer to 1 indicated higher adherence to the APA standard.
This approach was utilized to provide a summary measure of app quality, and to enable
testing relations between app quality and app popularity, however, it is noted that the APA
Evaluation Model Screener does not specify a number of items required to consider an app
of usable quality.

Finally, correlations were tested between each of the app popularity metrics (humber of
installs, average star rating, number of star ratings, number of reviews) and the APA
Evaluation Model Screener score. Additionally, a linear regression model was fit with APA
Evaluation Model Screener as the dependent variable and each of the app popularity metrics
as the predictors. The main predictor in this model, number of installs, was highly skewed
and kurtotic, and was therefore log transformed. However, model estimates and fitness did
not substantially change as a result of this transformation, therefore, the untransformed
variable was used for final analysis. All analyses were conducted in R (Version 3.6.1).

Web scraping identified a total of 619 opioid-related apps from Google Play. On a first
review, duplicates were removed, as well as apps that were found to be unrelated to health
behavior and substance use, apps that were under development (as indicated in Google
Play), and apps that were not developed in English, resulting in 399 apps. Subsequently, two
coders reviewed the apps and categorized them as: “includes specific opioid-related
content,” “addresses substance use but does not contain opioid-related content,” or “other
apps.” Fifty-nine apps identified as including opioid-related content were included in the
final dataset for analysis.

Target purpose and audience

Opioid-related apps were first categorized by target audience, which was found to be 61%
(n=36/59) designed for patients, 29% (n=17/59) for providers, 8% (n=5/59) for the
community, and 2% (n=1/59) for healthcare trainees. Next, the same apps were categorized
by intended purpose, which indicated that 49% were related to treatment, 27% addressed
prevention, and 24% specifically addressed opioid overdose (see Figure 1). Examples of
treatment-related apps included those supporting medication assisted treatment, cognitive
behavioral therapy, and motivational interviewing. Note that the same apps were categorized
by audience and purpose, and therefore categories overlap; for example, apps targeted at
patients could address treatment, prevention, or overdose.

Curr Addict Rep. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vilardaga et al.

Page 6

App popularity

App quality

Regarding Google Play popularity metrics for opioid-related apps, the number of app
installations was available for all reviewed apps (n=59) and averaged 11,938 + 66,235
installations. For other popularity metrics, only some apps had current ratings (n=23), with
an average star rating of 1.57 £ 2.06 of out of 5 stars; average number of ratings of 100 £
474 ratings, and average number of written reviews of 36 + 166 reviews.

We found that only 2% of the apps met all 8 evaluation criteria. The same percentage
applied to apps that met either 1 criterion (2%), or none of the criteria (2%). Seven percent
of the apps met 7 criteria, whereas 22%, 12%, 24%, and 15% met 6, 5, 4, and 3 criteria
respectively. Average APA Evaluation Model Screener “total score” across all apps was 0.56
(range = 0 to 1; Table 3). One opioid-related app was found to meet all criteria on the APA
Evaluation Model Screener (i.e., “yes” answer to all eight questions), the Pear reSET-O app.
The next set of six apps did not pass the screener (score=.875) due to one factor: lack of
evidence of specific benefit from academic institutions, end-user feedback, or research
studies. Following this, eleven apps failed to pass the screener (score=0.75) due to several
additional factors, including that most of these apps (69%; n=41) had not been updated in
the past 180 days.

The majority of apps (67%; n=40) were found to have a transparent privacy policy that was
available to read before use, by linking to a privacy policy from Google Play. The remaining
apps either did not provide a link, or linked to an external website that did not contain a
privacy policy. Upon inspection of the privacy policy, however, the language used to
describe data security for over half of the apps (59%; n=35) was found to be insufficient to
meet APA criteria. This includes privacy policies that did not state whether or not sensitive
data were collected, used, or transmitted; did not directly address administrative or technical
data security strategies to protect the data; or made vague claims about data security, such as
“we are striving to use” appropriate security measures.

The majority of apps (97%, n=57) passed the APA Evaluation Model Screener question for
usability, evaluated as whether or not the app seemed easy to use from the available
screenshots on Google Play. Only two apps did not meet this criterion due to not providing
adequate screenshots on Google Play.

Finally, many opioid-related apps (46%; n=27) were not evaluated on whether data can be
easily shared and interpreted in a way that is consistent with the stated purpose of the app,
because data sharing was not relevant to the app (e.g., education apps). For other apps (29%;
n=17), data sharing and interpretation was not available despite relevance to the intended use
of the app; for example, many apps providing opioid dosage calculators did not include
functions to track or share these data. However, other apps (25%; n=15) enabled data sharing
and interpretation, including several providing telehealth services with links to providers and
the clinic (e.g., Kaden Health app).
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Association between app popularity and quality

No significant associations were found between the APA Evaluation Model Screener total
score and any app popularity metric, including number of installs, average star rating,
number of reviews, and number of written reviews (Table 1). A linear regression model
examining the association between the APA Evaluation Model Screener total score and
number of installs, adjusting for all the other popularity metrics, was not significant (see
Table 2).

App cost
Four opioid-related apps (4/59, 7%) were found to be associated with a cost at the level of
Google Play (range $0.99-4.99).

Discussion

This review identified a range of smartphone apps related to opioid use, misuse, and harm in
Google Play. The identified apps were targeted at important stakeholders and addressed key
efforts to combat the opioid epidemic. However, based on the app descriptions in Google
Play, multiple gaps were found in intended app audience and purpose. Additionally, despite
a growing number of opioid-related apps (e.g., a 2018 search identified 27 apps across
platforms using ‘opiate’ and “opioid’ as key words [24] compared with 59 identified in the
current review), the reviewed apps were found to have low popularity ratings overall, and
low adherence to clinical standards upon evaluation.

With regard to target audience, opioid-related apps were found to be targeted to several key
stakeholders —patients, providers, and the community. Additionally, with regard to target
purpose, opioid-related apps were found to address key areas of importance to the opioid
epidemic —treatment, prevention and overdose. While opioid-related apps were somewhat
distributed among categories, only 8% of apps were designed for the general community,
and 27% for prevention. This finding is in line with another recent review of opioid apps
which identified 72 apps (55 Android or both Android/iOS apps) in 2019, with most
designed to support clinicians,[25] with opioid conversion as the purpose of most apps. In
addressing the opioid crisis, there have been calls to focus efforts beyond treatment of
individuals already addicted to opioids [e.g., 26]. However, apps that address other
prevention efforts, for example, substance use prevention among youth, were not included in
this study because they were not specifically opioid-related. Such apps have the potential to
contribute to prevention efforts and address risk factors for opioid use among youth [27].
Overall, findings suggest that there is considerable potential when it comes to developing
apps to address target audience and purpose in the opioid crisis.

Overall, the reviewed opioid-related apps were found to be in line with common strategies to
address opioid use, misuse, and harm [as outlined in: 3], including to reauce demand, such
as apps to educate patients and the public about opioids and increase access to and
utilization of treatment for OUD, and to reduce harm, including apps primarily related to
locating and using naloxone to reverse overdose. Other strategies to reduce harm such as
reducing disease transmission (via needle exchange, supervised injection facilities, drug
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checking, and behavioral interventions) were less well-represented among apps. Although,
one app using this strategy is Live4Lali, a mobile outreach truck locator, with trucks offering
harm reduction services such as drug-checking tools, safer sex supplies, and other support
services. Apps were in line with additional common strategies to /nfluence prescribing
practices, including apps for provider education and prescribing guidelines, such as opioid
dose calculators. One example is the Center for Disease Control and Prevention (CDC)
Opioid Guideline app, described as a reference guide for prescribing opioids for chronic
pain in clinical practice. Other strategies to influence prescribing practices, such as
electronic medical records and decision support, were not found among apps. Finally, very
few apps related to the strategy of restricting supply, such as by drug regulation (e.g., abuse-
deterrent opioids) and restricting lawful access such as by scheduling, preventing and
penalizing diversion, drug take-back programs, and restricting access, [3] although apps
have the potential to enable services related to these strategies.

The wide range of opioid-related app purposes identified by this review highlights the utility
of smartphone apps to address the opioid epidemic using a number of strategies, although
the evidence base for many of these strategies is lacking, [3] and few-to-no studies have
evaluated the impact of delivering these tools and services via smartphone app. Nevertheless,
smartphone apps put some potentially useful tools, such as prescription calculators and
naloxone locators, as well as opioid education, into the hands of patients, providers, and the
community. Additionally, opioid apps have the potential to address further recommendations
to reduce opioid misuse and harm; for example, by improving access to drug take-back
programs. [3]

Only one app met all criteria on the APA Evaluation Model Screener, Pear reSET-O, which
is also the only FDA-approved app for treating OUD. re-SET-O provides cognitive
behavioral therapy as an adjunct to buprenorphine and contingency management, and was
the only opioid-related app found to be associated with a research study. [28] However, one
potential limitation of reSET-O is that it must be prescribed by a provider, and therefore
individuals who are not able to seek in-person treatment due to lack of accessibility or
insurance coverage [29] are not able to access this app. Nevertheless, the approach used to
develop re-SET-O is consistent with the FDA Center for Devices and Radiological Health
effort to regulate the quality, safety and efficacy of digital devices designed to treat health
conditions. Such an approach is also consistent with the Digital Therapeutics Alliance,[30]
an academic and industry effort to ensure that digital interventions (1) are tested in clinical
trials or developed according to the best science available (i.e., peer review research); (2)
follow best standards for data security, privacy, and usability; and (3) are vetted by
regulatory agencies. The low quality standards of opioid-related apps in this review supports
the need for continued development of such efforts.

No other app besides re-SET-O met criteria for the screener question (5), having evidence of
specific benefit from academic institutions, end user feedback, or research studies, because
no other app was associated with a research study. This screener question is related to
evaluating the clinical foundation of healthcare apps, given that many apps make clinical
claims without clinical studies. Lack of evidence from research studies is critical to evaluate
because it can provide evidence to users that the app may offer a clinical benefit. However,

Curr Addict Rep. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vilardaga et al.

Page 9

because very few smartphone apps for healthcare in general are supported by clinical
studies, [31] the full APA Evaluation Model provides guidance on evaluating the evidence
base of an app using additional criteria. Therefore, apps failing only this screener question
would be recommended for further evaluation along this criterion. For example, the
Buprenorphine Home Induction Tool (BUP) is a buprenorphine home induction app
developed by academic researchers based on RAND Corporation’s Procedures for
Medication-Assisted Treatment of Alcohol or Opioid Dependence in Primary Care [32]. In
line with this, although only the reSET-O app was associated with a research study, almost
all of the apps reviewed met criteria for screener question (6), having a clinical/recovery
foundation relevant to the apps’ intended use (all but 6 apps). Another recommendation
would be to search an app of interest on a clinical trials database (e.qg., https://
clinicaltrials.gov/ in the US, https://bepartofresearch.nihr.ac.uk in the UK, and https://
apps.who.int/trialsearch/globally ) to identify related clinical studies underway.

Another key failure was that most opioid-related apps had not been updated in the past 180
days. For example, the CDC Opioid Guideline app has not been updated since July 2018.
Education apps that have not been updated may contain information that is out-of-date. For
example, a recent content analysis of smartphone apps for alcohol and illicit substance use
found that several apps (e.g., FlexDek: MAT Edition; updated August 2017) lacked updated
information such as outdated contact information and broken links to external websites. [8]
Indeed, ‘days since last update’ has been recommended as an easy and useful single-item
screening test for health apps more broadly.[10]

Additionally, many apps did not meet APA Evaluation Model Screener criteria for privacy
and security. On this issue, the screener includes two questions: whether the app has a
transparent privacy policy, and whether the app claims to handle sensitive data securely.
Only about a quarter of opioid-related apps were found to meet both criteria. Privacy and
security are relatively unique concerns for healthcare delivered by smartphone app, and are
critical to evaluate given the potential risks with disclosure of personal health information.
Sharing of user data and lack of transparency have been identified as privacy risks in
medical apps more generally, [33] and in apps for alcohol and illicit substance use[8]. Other
privacy risks identified [8] include inadequate user authentication (e.g., password protection,
2-step verification); lack of encryption for data transmission; and others. The full APA App
Evaluation Model considers additional risks including data costs (i.e., with cell provider),
social profiling, and loss of insurance benefits or insurability.

The majority of apps passed the screener question for usability, evaluated as whether or not
the app seemed easy to use from the available screenshots on Google Play. Because apps
were not downloaded for review, this usability criterion was evaluated based on subjective
impressions of basic information from app screenshots, such as language, legibility,
function, and design. These types of subjective impressions could ultimately drive consumer
decisions about downloading an app. The limitation of this approach was that most apps
appear usable from screenshots; therefore, almost all of the apps reviewed at the level of
Google Play met this criterion. This is not an endorsement of the subjective usability of
these apps, because many may be found to be unusable upon testing. However, a further
evaluation of apps by download and testing was outside of the scope of the current review. In
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the comprehensive APA Evaluation Model, usability, considered a subjective measure, is
evaluated by testing the app and asking: What are the main engagement styles of the app?
Do the app and its features align with your needs and priorities? Is it customizable? Does the
app clearly define functional scope? Does the app seem easy to use? Multiple additional
methods and measures exist for evaluating the usability of smartphone apps for healthcare,
[34] for example the Mobile App Rating Scale [35] is a useful tool for evaluating the quality
of mobile health apps on engagement, functionality, aesthetics, information quality and
subjective quality. Finally, a more complete evaluation of app usability would require user-
centered design research,[36] which would provide more rigorous data to further develop
and test these apps.

The final question on the APA Evaluation Model Screener is whether data can be easily
shared and interpreted in a way that is consistent with the stated purpose of the app. This
criterion relates to the evaluation of data integration toward a therapeutic goal, and is
focused on the ability to share data between patient and provider. For many informational
apps, this criterion was not relevant. For other apps, about half enabled data sharing and
interpretation. Data sharing is considered important for healthcare apps to ensure that data
are available to both patient and provider to guide care, make treatment decisions, and avoid
fragmented care.[19]

A main purpose of this review was to evaluate opioid-related apps with regard to
associations between app quality and app popularity. The current study found no significant
associations between the APA Evaluation Model Screener score and Google Play metrics of
app popularity including average star rating, or number of ratings, written reviews, or app
installs. This finding is in line with previous studies finding a lack of clear associations
between measures of app popularity (e.g., top returned searches in the app store, average
consumer ratings) and evaluations of app quality. [e.g., 10, 11] Examining this association is
critical to identify popular opioid-related apps that may provide misinformation or
potentially harmful advice without an evidence base. [9]

Finally, very few apps were associated with a price at the level of Google Play. However,
many apps that are free to download require in-app purchases to access full functionality,
and this review did not download apps to evaluate in-app purchases. Additionally, there can
be costs associated with medical apps, for example, the reSET-O app requires a prescription
and other telehealth apps can require insurance coverage.

There were several limitations to this review. First, only opioid-related apps from Google
Play were reviewed, thereby omitting apps that may only be available on the Apple App
Store or third-party Android stores. However, Google Play is the most popular app store in
the world (2.6 million apps),[37] and therefore a useful platform to evaluate associations
between app popularity and app quality. Additionally, two-thirds of the apps reviewed were
found to be available in the App Store, suggesting significant overlap between the two major
platforms.[20] This overlap was also identified by another opioid app review,[25] which
reported that in recent years (2018-2019), opioid apps were found to be available on the
Android operating system only, or on both the iPhone and Android operating systems, but
not iOS only. Next, only the APA Evaluation Model Screener was utilized, rather than the
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full APA Evaluation Model, and apps were not downloaded for evaluation. The purpose of
this study was to provide an ecologically valid evaluation of opioid-related apps at the level
of consumer decision-making (i.e., the app store). The screener is considered a first step, and
apps that scored reasonably well warrant a more detailed evaluation prior to use.
Additionally, a number of other evaluation models and guidelines are emerging that may
provide alternative or complementary strategies for informed decision-making around
healthcare apps.

Conclusions

OUD is a chronic relapsing disorder, typically requiring medication and psychological
support, with challenges in symptom management and treatment adherence, and risk of
death from overdose and other causes [38]. Treating OUD presents a complex set of
challenges, most prominently difficulties in accessing high quality medication assisted
treatment, [29] the gold standard of care for individuals with OUD. [37] Additional
complexities exist when considering the wide scope of opioid-related harm. As this review
suggests, there are many opportunities for addressing these factors using smartphone apps,
and there are numerous efforts to do so, as is evident in the 59 available Google Play apps
addressing a range of issues related to opioid use, misuse, and harm. However, only one
opioid-related app met all criteria on a basic clinical evaluation screener, and there was no
association between adherence to clinical standards and levels of popularity and use by real
world users. This is a reason for concern considering the dimensions of the opioid epidemic
and the serious consequences of opioid use and misuse. Despite this, many apps were found
to have a clinical or recovery foundation relevant to addressing the opioid epidemic. Because
smartphone apps have the potential to be a critical tool in increasing access to and utilization
of opioid prevention, treatment, and recovery services, further development and testing is
sorely needed.
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Figure 1.
Percentage and number (n) of opioid-related apps (N=59) by target audience (Panel A), and

target purpose (Panel B).
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Table 1.

Correlations between measures of APA Evaluation Model Screener “total score” and measures of app
popularity.

Variable M SD 1 2 3 4

1. APA Screener Score 0.56 0.23

2. Number of Installs 11,938 66,235 .09

3. Average Stars Rating 1.57 206 .23 .23

4. Number of Ratings 99.93 47434 .04 gg** 3p0*

5. Number of Reviews 36.39 16588 .04 7g** 31* g9**

M- mean; SD - standard deviation.
*
p<.05.

Aok

p<.0l
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Table 2.

Results from a linear regression model using APA Screener “total score” as the criterion, and each of the app
popularity metrics as predictors (apps N = 59). The model indicates that app popularity did not predict app
quality.

Predictor b b 95% ClI beta  beta95% ClI Fit
(Intercept) 052**  [0.44,0.59]

Number of Installs 0.00 [-0.00,0.00] 2.18 [-0.36,4.71]

Average Stars Rating 0.02 [-0.02,0.05] 0.14 [-0.16, 0.44]

Number of Ratings -0.00 [-0.01,0.00] -9.01 [-20.15,2.13]

Number of Reviews 0.01 [-0.00,0.02] 7.22 [-1.91, 16.36]
RZ=.106, p = 0.189

Note. A significant b-weight indicates the beta-weight and semi-partial correlation are also significant. & represents unstandardized regression
weights. betaindicates the standardized regression weights.

p<.05.

Hok

p<.0L
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