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Abstract
Background
An estimated 84,181 people died due to opioid overdose in 2022 alone [1]. Mobile technologies may offer an additional pathway to provide support to people seeking recovery from opioid use disorder (OUD). To this end, we conducted a content analysis of opioid-related apps to determine to what extent apps exist that provide support to people seeking or in recovery from OUD. For apps specifically targeting OUD recovery, we identified the tools these apps offer to users seeking support in their recovery.

Methods
Our team conducted a content analysis of publicly available opioid-related apps identified via web-scraping in the Apple and Google app stores. Using a two-step qualitative coding process, we first identified which apps were meaningfully related to OUD recovery and second identified what tools, if any, these apps provided.

Results
Web-scraping identified 1,136 apps from the Apple App Store (n = 247) and Google Play (n = 889). Of those, 290 apps were specific to OUD recovery (65% of iOS apps, 35% of Android apps). Of those, 161 apps were included in our final analysis. The most common type of tools provided support for motivation (65.2%) and accountability (65.8%). Many apps (53%) also supported linkage to recovery support (e.g., meeting finder, telehealth). Surprisingly, fewer apps provided information about OUD recovery (43.5%) or tools for cravings (33.5%). 42.9% of apps had limited accessibility (e.g., paywalls, private invite).

Conclusions
Our results show a substantial increase in the number of apps designed to support OUD recovery. Nevertheless, there remains a need for apps that provide empirically supported information and tools. Furthermore, restrictions in accessibility (i.e., findability, cost, private) may limit the impact of available apps.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13722-025-00549-y.
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Background
The opioid epidemic continues to take lives, with 84,181 people dying due to opioid overdose in 2022 alone [1]. Preliminary data from 2023 indicate that the rate for overdose deaths may be trending down (81,083 estimated opioid overdose deaths in 2023), however, the number of opioid overdose deaths still remains unacceptably high [1]. Moreover, the use of non-prescribed opioids remains high with an estimated 8.9 million people ages 12 years or older engaging in this behavior in 2022 [2]. The U.S. federal government has implemented several strategies to address the opioid epidemic, including expanding access to evidence-based treatment and harm reduction efforts, advancing racial equity in drug policy, reducing the supply of illicit substances, and expanding access to recovery support services [3]. Mobile technologies may offer an additional pathway to provide support to people seeking recovery from opioid use disorder (OUD).
Smartphone apps have wide reach. It is estimated that around 85% of American adults own a smartphone, with equitable ownership rates across racial and ethnic categories (85% for White, 83% for Black, and 85% for Hispanic individuals) [4, 5]. Among people with substance use disorder (SUD) rates of ownership are varied, but also high (between 64% and 94%) [6–8]. Given this reach, mobile health (mHealth) interventions are being developed in various healthcare contexts including, for example, to manage chronic illnesses like diabetes and obesity [9]. This demonstrates the societal acceptance of mHealth interventions as a tool to provide healthcare related support. mHealth interventions have been shown to have high usability, feasibility, and acceptability for supporting adherence to treatment for chronic diseases [9, 10]. Regarding substance use, research has documented substantial interest in mHealth technology, as evidenced by high download numbers for smoking cessation apps and apps targeting problematic drinking [11, 12]. 
Research investigating the efficacy of these apps to achieve their intended goals is still in progress [13–18]. To date, only three substance use apps have demonstrated their effectiveness in large-scale efficacy trials: for smoking cessation [11], alcohol recovery [19], and as adjunctive treatment for OUD [20, 21]. Another randomized controlled trial is currently underway for the app “OptiMAT,” an adjunctive intervention which provides users with tools to self-monitor daily opioid use, opioid craving, and mood [22]. Together, these findings suggest that mHealth apps hold great promise as accessible, efficacious tools to support people in overcoming problematic substance use.
To address problematic opioid use specifically, several smartphone apps are currently under development. Of these, four apps have been examined empirically to date. The “Boulder Care” app was examined to evaluate the usability of its current and proposed features [13]. Participants rated the six major features (e.g., in-app appointments, video and chat features) as helpful (median score 5/5) and rated the five proposed features (e.g., medication reminders, medication schedule) as useful (median score 5/5) [13]. Next, the “HOPE” app provides a variety of features including daily prompts for monitoring mood, stress, treatment adherence, and substance use; tracking goals and triggers; and secure messaging to providers [18]. This app showed promising 6-month outcomes in terms of early uptake and associated retention in care for most participants (56%) [14, 18]. The app “ProCare Recovery” provides an automated contingency management approach for managing OUD [16]. To test the acceptability and usability of the app, in-depth qualitative interviews with n = 15 participants (n = 5 prescribers, n = 10 patients) were conducted [16]. High levels of perceived usability were demonstrated [16]. Lastly, the app, “Marigold Health,” facilitates peer support for patients using medications for opioid use disorder (MOUD) through a text-based group chat application [17]. In this pilot mixed-methods study, participants (n = 49) used the app for 6-weeks. Following the 6-week intervention period, 20 participants were asked to complete one-on-one interviews [17]. Results indicated that delivering peer-support through the app is feasible, acceptable, and well-received, as evidenced by high app usage (64% of participants used the app on a daily basis) and participant feedback [17]. Together, these studies demonstrate the feasibility and acceptability of leveraging smartphone apps to support people in their recovery from OUD.
People looking for recovery support via smartphone apps, however, face a staggering number of substance-related apps of varying levels of quality and utility. Five systematic content analyses have sought to describe such apps [23–27]. Of these, only two content analyses focused on apps specific to OUD. The other content analyses focused on apps for pain management [27], apps for opioid dosage calculations [24], and one analysis systematically evaluated the functionality, aesthetics, and quality of information of apps that target substance use in general, and included only six OUD apps (out of 74 evaluated) [25]. This study found that all apps claimed to reduce use or promote abstinence, but had on average low overall app quality ratings (Mobile App Rating Scale (MARS) scores (M(SD) = 2.82(0.55)) [25]. 
The two remaining content analyses examined smartphone apps exclusively targeting OUD [23, 26]. Nuamah et al. (2020) searched both the Apple App Store and Google Play in May 2019 and identified 72 OUD-relevant apps (n = 13 Apple only; n = 17 Android only; n = 42 Both). They found that clinician-facing apps were the most common (n = 31, 43%), followed by apps that could be used by a general audience (i.e., patients, caregivers, or unspecified audiences; n = 23, 32%) [23]. Apps targeting patients were the least common (n = 25, 25%) [23]. Vilardaga et al. (2020) looked at apps available on Google Play in April 2020. They identified 59 apps, the majority of which were patient-facing (n = 36, 61%), and targeted treatments for OUD (49%) [26]. Vilardaga et al. reviewed apps only available in Google Play which limited their search compared to Nuamah et al. and yet they still documented a 40% increase in patient facing apps in just one year. This difference in “patient-facing” apps available to the public in such a brief period depicts the fast-growing nature mHealth interventions. Given the expansion of mHealth technology since the pandemic (i.e., the proliferation of telehealth), there is a need to update our knowledge on the quantity and nature of opioid-related apps that currently exist in the public domain. Moreover, as people increasingly seek health-related support via smartphone technology, including support to overcome problematic substance use, it is important to know what types of tools they encounter in the app space.
To this end, we conducted a content analysis of opioid-related apps to determine to what extent apps exist that provide support to people seeking or in recovery from OUD. Our goal was to describe the types of tools these apps offer to support people in navigating recovery from OUD. Understanding what types of tools exist in the public domain via accessible technology can help clinicians connect their patients with tools they may find helpful. Additionally, identifying gaps and limitations in currently available tools can guide future efforts to more effectively leverage smartphone app technology to provide support to people navigating recovery from OUD.

Methods
Sample
Smartphone apps targeting OUD were identified via web-scraping using the same keywords used in the most recent content analysis of opioid-related smartphone apps [26], namely: opioid 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. Web scraping is the process of using a program to extract data from websites. Oftentimes, websites provide an Application Programming Interface (API) for extracting data. This is not the case for Google Play or the Apple App Store. Thus, a member of our team (BHe) developed a web application based on two third-party Node.js libraries [Google-play-scraper] and [App-store-scraper] to perform the web scraping. This web application is called “AppSearch” and is publicly available at https://​still-dusk-89361.​herokuapp.​com.
As user-specific profiles can influence the results displayed by Google Play and the Apple App Store, six team members independently conducted the web-scraping. Each team member conducted a search using the specified search terms (i.e., eleven searches per team member), and the results were combined. Members conducted the web-scraping between 6/3/2022-6/9/2022 for Apple apps, and 7/29/2022-8/5/2022 for apps available on Android platforms. We limited each search to two hundred results because in using search engines, such as those used to navigate app stores, most people rarely go beyond the first page of results, which typically presents approximately 10 search results [28]. Thus, including the first 200 search results is far more inclusive than typical search behaviors. Moreover, when inspecting our search results, not all search terms generated 200 results. For those which did, search results became less relevant as you moved farther from the first search result.
For each identified app, the following information was extracted via web-scraping: title of the app; name of the app developer; app ID, which is a unique identifier for mobile apps; the short summary text about the app displayed in the app store; the detailed summary text about the app displayed in the app store; the average rating the app received on the app store; the number of ratings that contributed to this score; the file size of the app (only reported in Apple App Store results); the estimated minimum number of installs to date for the app (only reported in Google Play results); date of the most recent update of the app; content rating of the app (for Apple App Store results, categories were: 4+, 9+, 12+, and 17+; for Google Play results, categories were: Everyone, Everyone 10+, Teen, Mature, Adults-Only); the price to download the app (in US dollars; this number did not include any in-app costs); and the app’s URL.

Content analysis coding, step 1: identifying OUD recovery apps
An initial review of the web scraping results indicated that not all identified apps were meaningfully related to OUD recovery. Thus, we used a qualitative coding process to identify which apps were meaningfully related to OUD recovery, and which ones were not. To this end, we created a codebook consisting of seven categories (Supplementary Material 1), which we iteratively updated: 1: OUD Recovery– an app that provides support or guidance for the app user, who is navigating the process of recovery from OUD; 2: Caregiver– an app that provides support or guidance for the app user, who is a caregiver of a person in OUD recovery; 3: Overdose - an app that provides information or guidance for the app user on opioid overdoses, and what to do when encountering a person experiencing an opioid overdose; 4: Dosage - an app that provides support or guidance for the app user, who needs to understand correct dosing for opioids, be it for the treatment of pain or for other purposes; 5: Pain - an app that provides support or guidance for the app user, who is interested in opioids in order to leverage them for the treatment and management of pain; 6: Other– an app that does address opioids, but does not fit into any of the categories above; and 7: No– an app that the search identified, but that, upon review is determined NOT to be related to opioids in a significant way. Two independent coders reviewed each app and categorized the app as belonging to one of these seven categories, based on the information displayed about the app in the app store (i.e., description provided by the app developer and screenshots), in line with the user experience when choosing which app to download. Discrepancies between raters were resolved by consensus rating in a larger group.

Content analysis coding, step 2: identifying OUD recovery tools provided by OUD recovery apps
In going through the process of identifying OUD recovery apps in Step 1, team members were exposed to the various tools these apps provided. From this experience, we created a codebook to describe the tools offered by each app. Here, we distinguished between tools that served to provide information; linkage to recovery support services; motivational content and tools; accountability; and tools for navigating and tracking cravings. We also noted if apps had any access restrictions. As in Step 1, two independent coders reviewed each OUD recovery app and answered yes or no questions about the contents of the app (Supplementary Material 2), using the same materials as before (i.e., information displayed about the app in the app store). Discrepancies between raters were resolved by consensus rating in a larger group, and the codebook was updated as needed. The final codebook consisted of thirty-one yes or no items.

Analytic strategy
To describe the apps in terms of their web-scraped information (i.e., size, price, content rating, recency of updates, score, number of ratings, and minimum number of installs) and content analysis coding, we used descriptive statistics (i.e., means with standard deviations or medians with interquartile ranges for continuous variables, percentages and counts for categorical variables). To test for differences between Android vs. Apple apps, we used independent t-tests for continuous variables, and chi-square tests for categorical variables. For these comparisons, we grouped apps existing in both app stores (n = 22) as iOS apps. We grouped apps in this manner for two reasons, first, there were too few apps to analyze them separately (i.e., statistical power would be very low for detecting group differences). Second, the process of registering an app in the Apple App store is more restrictive than for Google Play [29]. Thus, apps listed in both stores were in compliance with the higher level of standards imposed by the Apple App Store and could be logically grouped with the iOS apps.


Results
Web-scraping identified 1,137 apps from the Apple App Store (n = 247) and Google Play (n = 890). Of these, we excluded 12 apps (1.1%) from the first round of coding because the URL did not work at the time of rating (n = 5), the app was not in English (n = 5), or the app was specific for another country other than the U.S. (n = 2). The remaining apps (n = 1,125, 98.9%) were included in first-round coding.
Of those 1,125 apps, 774 (68.8%) were found not to be related to opioids in any significant way. Note that searches in the Google Play yielded more results unrelated to opioids in any significant way than searches in the Apple App Store (84.1% vs. 14.2%, χ2 (1) = 439.491, p < 0.0001).
The remaining 351 apps (31.2% of total apps; Fig. 1) were related to opioids. The majority of the opioid-related apps were found to provide support or guidance for the app user, who is navigating the process of recovery from OUD (n = 290; 82.6%). The other apps were related to opioids but were designed for other end users: 17 apps (4.8%) provided dosage calculators or opioid conversion; 14 apps (3.99%) addressed opioid overdose; 8 apps (2.3%) addressed caregivers; 8 apps (2.3%) addressed pain management; and 14 apps (4.0%) were related to opioids but did not fit into any of these categories.
[image: ]
Fig. 1Type of opioid-related apps identified via web-scraping for Apple and Android smartphones (n = 351). Note. Total number of apps identified for each category from Apple and Android app searches


Characteristics of apps that provide tools to support recovery from OUD
In coding the 290 apps identified in Step 1 as seeking to help the app user navigate the process of recovery from OUD, we encountered several duplicate apps (n = 78), that is, apps that had different names, but identical descriptions and screenshots. For one app, there were fifty-three variations of the same app, where each variation had a different name to reflect a different treatment center that offered this app via their subscription to the app provider. Other apps had different names in the Apple App Store and Google Play (n = 15) or were listed multiple times in the same app store with different names (n = 10). For our summary statistics describing the contents of the apps, we excluded duplicates from analyses. We also excluded apps from analyses if they were no longer available in the app stores when our team tried to code them (n = 35), if they turned out not to be related to OUD recovery (n = 12), or if they were related to OUD recovery but did not provide any tools (n = 4). For example, one app mentioned it could help users with a variety of mental health issues and addictions but did not provide any information about what tools or content the app provided.
Our search resulted in 161 unique apps that provided tools to support recovery from OUD (Table 1). Most apps (94.4%) were freely available, with no cost to download the app. For those apps that did have a cost to download, the average cost was $6.66 (SD=$3.71). Apple apps were on average more expensive than Android apps (M=$7.13, SD=$4.10 and M=$4.99, SD=$1.41, respectively). We did not conduct a group comparison regarding price as very few app (n = 9) had costs associated with downloading. Many apps evidenced current maintenance: 46.0% (n = 74) of apps had been updated within the past 6 months. A substantial number of apps, however, lacked recent updates: 25.5% (n = 41) had not been updated in two years.
Table 1App characteristics and user appraisals of apps providing OUD recovery support (n = 161)


	 	Total
n = 161
	iOS
n = 104
	Android
n = 57
	Group
Difference

	M / % / Md
	(SD/n/IQR)
	M / % / Md
	(SD/n/IQR)
	M / % / Md
	(SD/n/IQR)
	p

	App Characteristics
	 	 	 	 	 	 	 
	 Size, MB, M(SD) a
	-
	-
	65.1
	(48.84)
	-
	-
	-

	 Price b
	 	 	 	 	 	 	 
	  apps with no cost, %(n)
	94.4
	(152)
	93.3
	(97)
	96.49
	(55)
	0.49

	  if any cost, price in $, M(SD)
	$6.66
	$3.71
	$7.13
	$4.10
	$4.99
	$1.41
	 
	 Content Rating 17+/Mature 17+, %(n)
	29.8
	(48)
	41.3
	(43)
	8.8
	(5)
	<.0001

	 Recency of updates, %(n)
	 	 	 	 	 	 	 
	  updated within the past 6 months
	46.0
	(74)
	50.0
	(55)
	38.60
	(22)
	0.19

	  updated more than 2 years ago
	25.5
	(41)
	20.2
	(21)
	35.09
	(20)
	0.06

	App user appraisals
	 	 	 	 	 	 	 
	 App rating score, range 1(worst) to 5 (best), M(SD)
	3.56
	(1.9)
	3.80
	(1.8)
	3.11
	(2.0)
	0.03

	 Number of reviews, Md [IQR]
	21.0
	[0, 326]
	11.5
	[0, 184]
	75.0
	[0, 611]
	0.38

	 Min number of installs, Md [IQR] c
	-
	-
	-
	-
	5000.0
	[1,000, 50,000]
	-


Note: n = 15 apps had versions available on Android and Apple platforms; when both existed, the Apple values were used. For group comparisons, apps that had versions available on Android and Apple platforms were counted as Apple apps; a = not reported for Android apps; b = Price indicates initial cost to download app, does not include payment for in-app content; c = not reported by the Apple App Store; Google Play only reported minimum installs.



Content ratings differed between apps from the Apple App Store (i.e., iOS apps) and from Google Play (i.e., Android apps). Few of the Google Play apps had content restrictions limiting them to only be available to those 17 years or older, while many of the Apple apps were designated in this way (8.8% vs. 41.3%, χ2 (1) = 18.48, p < 0.0001).
On average, apps from both app stores received high user ratings, with an average rating (M(SD)) of 3.6(1.9) stars out of five. Notably, these ratings were based on a median of 21 reviews per app. Apple apps were rated more favorably (3.8(1.8) vs. 3.1(2.0) stars; t = 0.89, p = 0.026).
Download numbers were only available for Android apps. The median number of minimum installs across these apps was 5,000, with a range of 1,000 to 50,000.

Tools provided in the apps
The most common type of tools provided in the apps were tools to support motivation (n = 105, 65.3%) and accountability (n = 106, 65.8%; Table 2). To support motivation, apps provided motivational messages (n = 83, 51.6%; e.g., supportive quotes, bible verses, Narcotics Anonymous testimonials) and acknowledgements for staying on track with recovery (n = 56, 34.8%). Fewer apps asked app users to set goals related to their OUD recovery (n = 23, 14.3%; e.g., attend mutual help meetings, connect with sponsor, apply for employment). To support accountability, apps often provided tools to track and calculate recovery related information (n = 75, 46.6%; e.g., days sober, money saved).
Table 2Tools provided by apps to support people in recovery from OUD (n = 161)


	 	 	 	Total
	iOS
	Android
	Group

	n = 161
	n = 104
	n = 57
	Difference

	%
	(n)
	%
	(n)
	%
	(n)
	p

	Information provision (% Yes)
	43.5
	(70)
	48.1
	(50)
	35.1
	(20)
	0.14

	 	Provides any information (even light info) about management and/or treatment for opioid use disorder (OUD)
	34.8
	(56)
	39.4
	(41)
	26.3
	(15)
	0.12

	 	Provides information about medications for opioid use disorder (MOUD)
	7.5
	(12)
	9.6
	(10)
	3.5
	(2)
	0.22

	 	Provides information about addiction
	13.0
	(21)
	10.6
	(11)
	17.5
	(10)
	0.23

	 	Provides advice on how to deal with relapse
	3.1
	(5)
	2.9
	(3)
	3.5
	(2)
	1.00

	Linkage (% Yes)
	53.4
	(86)
	60.6
	(63)
	40.4
	(23)
	0.02

	 	Connects the app user with community resources to support recovery
	8.1
	(13)
	10.6
	(11)
	3.5
	(2)
	0.14

	 	Facilitates telehealth meetings regarding OUD
	14.9
	(24)
	18.3
	(19)
	8.8
	(5)
	0.16

	 	Facilitates peer recovery online meetings
	13.7
	(22)
	18.3
	(19)
	5.3
	(3)
	0.03

	 	Identifies nearby meetings for mutual help groups
	16.1
	(26)
	18.3
	(19)
	12.3
	(7)
	0.38

	 	Connects the user with a pre-existing online community outside of the
	6.2
	(10)
	3.8
	(4)
	10.5
	(6)
	0.17

	 	The app itself provides/builds an online community for peer support
	26.7
	(43)
	33.7
	(35)
	14.0
	(8)
	0.01

	Motivational Content and Tools (% Yes)
	65.2
	(105)
	66.3
	(69)
	63.2
	(36)
	0.73

	 	Provides motivational messaging
	51.6
	(83)
	48.1
	(50)
	57.9
	(33)
	0.25

	 	Provides encouragement / rewards for staying on track with recovery
	34.8
	(56)
	36.5
	(38)
	31.6
	(18)
	0.61

	 	Engages app users about personal reasons to quit substance use
	8.1
	(13)
	8.7
	(9)
	7.0
	(4)
	1.00

	 	Asks the app users to set goals related to their OUD recovery
	14.3
	(23)
	16.3
	(17)
	10.5
	(6)
	0.36

	Accountability (% Yes)
	65.8
	(106)
	69.2
	(72)
	59.6
	(34)
	0.23

	 	Serves as a tool to stay accountable while navigating recovery
	26.1
	(42)
	28.8
	(30)
	21.1
	(12)
	0.35

	 	Provides reminders not to use
	1.9
	(3)
	1.9
	(2)
	1.8
	(1)
	1.00

	 	Provides reminders to use recovery support tools available in the app
	11.8
	(19)
	13.5
	(14)
	8.8
	(5)
	0.45

	 	Checks in with the app user regarding their recovery
	17.4
	(28)
	21.2
	(22)
	10.5
	(6)
	0.13

	 	Tracks and calculates recovery related information
	46.6
	(75)
	47.1
	(49)
	45.6
	(26)
	0.87

	 	Functions as a journal for recovery-related journaling
	18.6
	(30)
	19.2
	(20)
	17.5
	(10)
	0.84

	Tools for Tracking and Navigating Cravings (% Yes)
	34.8
	(56)
	39.4
	(41)
	26.3
	(15)
	0.12

	 	Provides a tracker for cravings
	6.8
	(11)
	7.7
	(8)
	5.3
	(3)
	0.75

	 	Helps identify places to avoid
	1.9
	(3)
	2.9
	(3)
	0.0
	(0)
	0.55

	 	Notifies app user when they are near self-identified areas to avoid
	0.6
	(1)
	1.0
	(1)
	0.0
	(0)
	1.00

	 	Offers distraction tools
	6.8
	(11)
	7.7
	(8)
	5.3
	(3)
	0.75

	 	Nudges app user to engage in substance-free enjoyable activities, so as to stay in recovery
	4.3
	(7)
	5.8
	(6)
	1.8
	(1)
	0.42

	 	Assigns/provides mindfulness exercises
	11.8
	(19)
	13.5
	(14)
	8.8
	(5)
	0.45

	 	Connects the app user with emergency contacts
	13.0
	(21)
	15.4
	(16)
	8.8
	(5)
	0.33

	 	Engages app users in positive psychology exercises (other than gratitude)
	3.1
	(5)
	4.8
	(5)
	0.0
	(0)
	0.16

	 	Engages app user in gratitude journaling
	6.2
	(10)
	5.8
	(6)
	7.0
	(4)
	0.74

	Limited Access (% Yes)
	42.9
	(69)
	51.9
	(54)
	26.3
	(15)
	0.00

	 	Payment necessary for any content
	36.0
	(58)
	42.3
	(44)
	24.6
	(14)
	0.03

	 	App is limited to private invite
	7.5
	(12)
	10.6
	(11)
	1.8
	(1)
	0.06


Note: n = 15 apps had both Android and iOS versions; when both existed, app was counted as app.



Apps were also frequently used to provide linkage to recovery support services (n = 86, 53.4%). The most common type of linkage was connecting the user to an online community that provides peer support (n = 43, 26.7%). Linkage to other recovery support services were also provided in apps, such as to nearby mutual help groups (n = 26, 16.1%) or community resources (n = 13, 8.1%). Apps were also used to facilitate telehealth meetings and online peer recovery meetings (n = 24, 14.9%). Leveraging apps to provide online peer support engagement was more common among Apple than Android apps (33.7% vs. 14.0%, χ2 (1) = 7.25, p = 0.007).
Surprisingly, fewer apps provided information about OUD recovery (n = 70, 43.5%). If information was provided in an app, it tended to focus on the management of and treatment for OUD. Very rarely was information provided about MOUD, advice on how to respond to relapse, or even basic information about addiction (i.e., symptoms, risk factors).
Relatively few apps provided tools for tracking or responding to cravings (n = 56, 34.8%). The tools offered here included setting up emergency contacts, engaging the app user in mindfulness exercises, or offering distractions (Table 2). Helping app users keep track of their triggers was rare (n = 11, 6.8%).

Limited access
While most apps were free to download, many apps (n = 58, 36%) required payment for accessing content in the app once downloaded. This was more common among Apple than Android apps (42.3% vs. 24.6%, χ2 (1) = 4.97, p = 0.026). Further limiting the reach of these apps, some apps could only be downloaded with a private invitation usually from the treatment center or recovery organization associated with the app (n = 12, 7.8%).


Discussion
This content analysis of opioid-related apps available to the public via the Apple App Store and Google Play provides insight into the experience people may have as they search for app support to help them navigate their recovery from OUD. Notably, our content analysis shows that a large number of such apps exist. We identified 161 unique apps (in June-August 2022) that were explicitly designed to support people in their recovery from OUD. This is a substantial increase since the most recent prior content analysis, which only identified 36 patient-facing apps (on Google Play), using the same search terms [26]. This growth in availability of patient-facing OUD apps is in line with other relevant trends, including greater smartphone ownership rates [30], increasing investment in funding for research to create patient-facing apps [31], and increasing acceptability of mHealth supports for a variety of diseases [9, 10]. The proliferation of patient-facing apps supporting people in navigating recovery is also in line with the substantial shift towards using mobile technologies in the healthcare sector in the wake of the COVID-19 pandemic, which occurred both in healthcare in general [32], and in SUD care specifically [33]. 
Our data further suggest substantial interest in apps that help support people seeking or in recovery from OUD. Each of the apps we identified were downloaded 5,000 times (on median); this is a conservative estimate, using the estimated minimum number of total downloads Google Play provides. If similar download rates occur for iOS apps (these numbers are not reported by Apple), the apps we identified potentially reached an estimated 805,000 people (161 apps * 5,000 downloads each). For clinicians, this means that their patients may be among the people who are interested in trying out a smartphone app to help them with aspects of their OUD recovery. We hope that this content analysis provides insight to clinicians into the kinds of tools their patients may be able to find in the app space, so that they may be better equipped to engage with their patients in conversations about smartphone app support.
Unfortunately, our content analyses also made clear that it may be difficult for users to find “patient-facing” apps (i.e., apps for users who want to use and apply OUD recovery tools). This may be particularly true for people with Android phones, where most search results were not meaningfully related to opioids (84.1%), and even fewer to recovery from OUD. For iPhones, the same search terms resulted in more relevant apps (76.8%). This finding is troubling, because Android ownership is higher than iPhone ownership among Black individuals [34], who are disproportionately impacted by the opioid overdose crisis [35, 36]. On the other hand, the Android apps were less likely to be behind paywalls, which were more common in Apple apps.
In looking at the tools currently available, we noted several missed opportunities that appear worthwhile to consider for future app development. Most apps provided motivational and accountability support, which is reminiscent of the important ingredients underlying mutual help groups. Notably missing, however, are apps that provide OUD recovery tools used by apps shown to be efficacious [11, 19–21]. Most relevantly, the “ACHESS” app offers a “High Risk Locator,” which uses GPS location to prompt users to take action to engage in recovery support if they are near a place that could cause them to relapse [37]. In contrast, only 0.6% (n = 1) of apps found in the Apple App Store and Google Play in our web-scraping period (June-August 2022) offered this functionality. This suggests a science to implementation gap. Smartphone apps can be built much more quickly than they can be tested rigorously. Randomized-controlled trials take an average of five and a half years to conduct and publish findings [38], whereas the average time to develop a mobile app is around 6–9 months [39]. Our findings suggest that it is the rule rather than the exception to encounter untested apps (and untested app tools) in the public domain. It is not clear to what extent this offering of untested apps creates a potential for harm. Given the nature of these apps (e.g., motivational), it seems unlikely that using them would be harmful, except to the degree to which they prevent people from reaching out for more efficacious support. This potential could be offset by providing information within the apps about addiction and recovery support, and by providing clear information in the app’s description about the state of the science on the app. On a more positive note, there has been an increase in research into the development, acceptability, functionality, and efficacy of mHealth apps for a variety of diseases and public health issues over the last two decades [31], which means that future app developers have a growing body of research to consult when designing their apps.
Another area ripe for future development is leveraging OUD recovery apps to provide basic information about addiction and recovery (i.e., symptoms, risk, factors). Particularly lacking was information on MOUD. This is a notable absence considering MOUD are regarded as the gold standard treatment for OUD. MOUD substantially reduce the risk of overdose [40], but less than 25% of those diagnosed with OUD initiate medications [41, 42]. Moreover, early discontinuation and retention on MOUD continues to be major barriers to OUD treatment efficacy at the population level [43]. Novel approaches are needed to support persons in initiating MOUD and staying engaged in treatment. Smartphone apps present a unique avenue to provide such supports including increasing education on MOUD (i.e., types, side effects, treatment schedules), locating clinics or hospitals that provide MOUD (i.e., GPS based treatment locators), or helping those already engaged in MOUD care manage their medication adherence (i.e., medication reminders).
Promisingly, some of the identified apps included tools to deliver newly emerging therapeutic approaches. For example, several apps used mindfulness exercises. This is an approach that is used in the only smoking cessation app with demonstrated efficacy to date, demonstrating the feasibility of this approach when delivered via mHealth technologies [11]. Recently emerging research has pointed towards the promise of mindfulness approaches in recovery from OUD [44–46], underscoring the potential utility of leveraging this approach in apps to support recovery from OUD. A few apps also included tools that engaged users in gratitude journaling, a recently developed treatment approach for people in recovery from alcohol and substance use disorders [47]. 
Limitations
There were several limitations to this content analysis. First, we used the apps’ descriptions and screenshots as shown in the app stores to code the app’s contents rather than downloading and experiencing the app. This may lead to errors if the app’s contents vary widely from the information in the app stores. Second, due to the amount of time required to code the apps, we could not include all initially identified apps in analyses because some apps became unavailable over time. This variability in the availability of apps highlights the ever-changing nature of the smartphone app offerings available to the public. Third, we were only able to extract accurate minimum estimates of the total number of downloads for Android apps, and thus could not provide actual download numbers of the identified apps. Relatedly, it is also important to note that while download numbers indicate interest in an app, the number of downloads an app generates does not necessarily equate to the number of users engaging with the app’s content long term. Research examining the rates of app abandonment find that around 71% of apps in general are abandoned in the first three months [48]. This can be due to a variety of reasons including app functionality (e.g., battery drain, incompatibility with phone, lack of desired features) and more personal reasons (e.g., no longer needing the support the app provides, or no longer attempting to achieve the initial health goal) [49]. Lastly, our team encountered multiple apps that were accessible only by invitation from a private organization or required payment once you downloaded the app (i.e., tele-health apps that required users to use insurance or apps that have subscription fees). Some of these apps would make note of this in their descriptions while others did not. This means that the percent of apps with limited access (Table 2) and the calculated mean cost of apps (Table 1) may be higher than we reported in our analysis.


Conclusion
Overall, this content analysis shows a substantial increase in the number of smartphone apps designed to support recovery from OUD since the previous two content analyses [23, 26]. Despite this proliferation, however, there remain gaps in the market for apps that provide updated and high-quality information regarding the different treatment and support options available for OUD. Furthermore, there is a striking lack of therapeutic tools provided by these apps to help support people in their recovery. There is also an accessibility barrier, considering that around 43% of apps required payment for some or all their contents or required users to receive an invitation from a private group or organization to join. This rate of encountering paywalls is similar for apps that provide support for quitting smoking [50] or problematic drinking [12], and may be related to the considerable costs that are incurred in developing an app (anywhere from $5,000 up to $133,000) [51], and maintaining it. The restriction in access due to requiring private invites, however, is not an issue that has been previously reported as an accessibility issue for addiction-related apps. Perhaps this issue has emerged because people with OUD are more likely to be engaged in treatment than people seeking to quit smoking or problematic drinking [52, 53]. It is an unfortunate trend, however, given that a key strength of smartphone app technology is its wide reach.
mHealth scientists interested in developing app interventions for this populations should be aware of the current layout in the app market and the barriers to use for individuals interested in this type of support. Moreover, as more apps are empirically tested [11, 13–19, 22] future app developers should focus on providing evidence-based support and tools. Smartphone apps are a fast growing and novel way to provide access to treatment and support for OUD, but these apps are only helpful if they are findable, accessible, and effective. While these apps are not perfect, healthcare professionals should still consider telling their patients about the availability of such apps that could provide their patients with additional tools to support them in their recovery journey. Smartphone apps may be able to overcome barriers to traditional in-person recovery support. To help patients navigate the various apps out there, which range in quality, there are mHealth app indexes that review mHealth apps for the quality of the information and tools they provide. MIND [54] uses 105 objective questions based on the American Psychiatric Association’s App Evaluation Model to review apps. Once an app is reviewed it is added to the database and users can use the search and filter functions to find apps that fit their specific needs.
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