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Abstract

Background: Induction of buprenorphine, an evidence-based treatment for opioid use disorder 

(OUD), has been reported to be difficult for people with heavy use of fentanyl, the most prevalent 

opioid in many areas of the country. In this population, precipitated opioid withdrawal (POW) 

may occur even after individuals have completed a period of opioid abstinence prior to induction. 

Our objective was to study potential associations between fentanyl, buprenorphine induction, and 

POW, using social media data.

Methods: This is a mixed methods study of data from seven opioid-related forums (subreddits) 

on Reddit. We retrieved publicly available data from the subreddits via an application 

programming interface, and applied natural language processing to identify subsets of posts 

relevant to buprenorphine induction, POW, and fentanyl and analogs (F&A). We computed 

mention frequencies for keywords/phrases of interest specified by our medical toxicology experts. 

We further conducted manual, qualitative, and thematic analyses of automatically identified posts 

to characterize the information presented.

Results: In 267,136 retrieved posts, substantial increases in mentions of F&A (3 in 2013 to 3870 

in 2020) and POW (2 in 2012 to 332 in 2020) were observed. F&A mentions from 2013 to 2021 

were strongly correlated with mentions of POW (Spearman’s ρ: 0.882; p = .0016), and mentions 

of the Bernese method (BM), a microdosing induction strategy (Spearman’s ρ: 0.917; p = .0005). 

Manual review of 384 POW- and 106 BM-mentioning posts revealed that common discussion 

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 
License (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in 
any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

CONTACT Anthony Spadaro Anthony.Spadaro@pennmedicine.upenn.edu Department of Emergency Medicine, Perelman School of 
Medicine, Hospital of the University of Pennsylvania, 3400 Spruce Street, Philadelphia, PA 19104, USA. 

Disclosure statement
No potential conflict of interest was reported by the authors.

Supplemental data for this article can be accessed here.

HHS Public Access
Author manuscript
Clin Toxicol (Phila). Author manuscript; available in PMC 2023 August 25.

Published in final edited form as:
Clin Toxicol (Phila). 2022 June ; 60(6): 694–701. doi:10.1080/15563650.2022.2032730.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://creativecommons.org/licenses/by-nc-nd/4.0/


themes included “specific triggers of POW” (55.1%), “buprenorphine dosing strategies” (38.2%) 

and “experiences of OUD” (36.1%). Many reported experiencing POW despite prolonged opioid 

abstinence periods, and recommended induction via microdosing, including specifically via the 

BM.

Conclusions: Reddit subscribers often associate POW with F&A use and describe self-managed 

buprenorphine induction strategies involving microdosing to avoid POW. Further objective studies 

in patients with fentanyl use and OUD initiating buprenorphine are needed to corroborate these 

findings.
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1. Background

Buprenorphine (Suboxone®, a combination of buprenorphine and naloxone) is an effective, 

evidence-based treatment for patients with opioid use disorder (OUD) [1]. Buprenorphine 

has unique pharmacologic properties: it is a partial mu-opioid receptor agonist and has 

very high affinity for the mu-opioid receptor [2]. Therefore, to avoid buprenorphine from 

displacing lower affinity, full agonist opioids (e.g., heroin) from the opioid receptor and 

causing withdrawal, patients seeking buprenorphine treatment must wait until they start 

experiencing withdrawal before initiating standard dosing regimens [2]. If buprenorphine 

is initiated prior to withdrawal onset, it can displace residual opioids, causing an 

uncomfortable and sometimes severe acute withdrawal syndrome known as precipitated 

opioid withdrawal (POW) [3]. POW has been defined as an increase in the Clinical Opiate 

Withdrawal Scale (COWS), which measures the signs and symptoms of opioid withdrawal, 

of 6 or more while initiating buprenorphine [4]. Fear of POW poses a barrier to both 

clinicians and patients to buprenorphine initiation [5].

Multiple recently published reports suggest that POW can occur even after waiting the 

recommended amount of time in patients with a history of heavy fentanyl use [3,5]. It has 

been proposed that this phenomenon may occur due to the high lipophilicity of fentanyl, 

resulting in a long tail of elimination after chronic use [6]. One study showed that in patients 

with OUD and chronic fentanyl use, urinary metabolites of fentanyl could be detected 

2–3 weeks after last use when hospitalized in a treatment program [7]. Additional risk of 

severe POW could be related to the dose or length of use of full opioid agonist used prior 

to buprenorphine induction, time interval to receiving buprenorphine, and other comorbid 

medical and psychiatric conditions that alter metabolism of opioids or symptoms of POW 

[3,6]. One potential alternative approach to avoid POW is microdosing, which involves 

overlapping induction of buprenorphine in very small escalating doses while still using 

full agonist opioids. The “Bernese Method” is one such method, although several different 

regimens have been described in the medical literature [2,6,8,9]. While the literature on this 

subject is growing, many people with OUD have discovered these methods through their 

own lived experiences [10].
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The primary aim of this study was to describe how people with OUD are exploring 

and sharing information about the relationship between fentanyl use and POW and about 

emerging buprenorphine initiation methods to avoid precipitated withdrawal. Since it is 

difficult to obtain a large cohort of people with OUD in whom to study their buprenorphine 

initiation experiences, we utilized public social media data from Reddit [11]. Reddit is one 

of the most popular and fastest growing social networks, with over 430 million monthly 

active subscribers (in comparison, Twitter has ~390 million monthly active subscribers) 

[12]. Reddit allows subscribers to remain completely anonymous if they desire, making 

it a hub for discussion on stigmatized or sensitive topics [13,14]. Consequently, there is 

a considerable amount of selfreported information on this social network on substance 

use disorder (SUD), including OUD, and a number of recent studies on the topic have 

utilized Reddit data [15–17]. We designed this study to be primarily data-driven, as opposed 

to hypothesis-driven, and hypotheses were generated and refined iteratively based on 

exploration of the data. The specific research questions that we proposed to answer via 
the analyses described in this study are as follows:

1. What is the association between fentanyl and posts about POW?

2. What are the common themes in Reddit discussions regarding POW?

3. Is there an association with precipitated withdrawal and length of time since last 

opioid use, by type of opioid used

4. What are the microdosing strategies used by people with OUD on Reddit?

2. Methods

2.1. Data collection

Seven opioid-related subreddits on Reddit were selected for data analysis (r/fentanyl, r/
heroin, r/microdosing, r/opiates, r/OpiatesRecovery, r/OurOverUsedVeins and r/suboxone). 

We selected these subreddits based on consensus among the authors regarding their 

relevance after previewing several subreddits for thematic content and total number of 

posts. The number of subscribers for each of these subreddits and their inception years are 

provided in Table A1 of the Supplementary material. We excluded other potentially relevant 

subreddits because they focused on a wider range of substances (e.g., r/Drugs) or were 

primarily dedicated to recreational use and experimentation (e.g., r/DrugNerds).

From the chosen subreddits, we collected all the posts that were publicly available and were 

retrievable via the PRAW Python application programming interface (API) for Reddit [17]. 

We searched for mentions of “precipitated withdrawal” and “Bernese method” within the 

retrieved posts from the subreddits. The “Bernese method” was selected as search term as it 

is a widely described buprenorphine microdosing strategy in the medical literature, and had 

much more specificity than “microdosing” which was found to contain many posts about 

recreational use and experimentation unrelated to OUD and buprenorphine. We extracted 

posts that mentioned these phrases for further manual analysis. The iterative, data-driven 

strategy of data retrieval, filtering, and analysis is depicted as a flow diagram in Figure 1.
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2.2. Analyses of distribution of terms and posts

Initial statistical analysis included applying natural language processing (NLP) for 

computing the total number of posts retrieved and total number of mentions of “precipitated 

withdrawal”, “Bernese method”, and of “fentanyl” or respective lexical variants and 

analogs (e.g., carfentanil). Analogs of relevance were chosen by consensus of experts with 

experience in toxicology and NLP (ASa and JP). Texts from the subreddits were lowercased 

prior to searching and no other preprocessing of text was performed. Counts were grouped 

by year to evaluate for observable popularity trends. We used an automatic tool to generate 

lexical variants, including misspellings, and manually added variants that were not lexically 

similar but often used in the subreddits (see Table A2 of Supplementary material for all 

lexical variants) [18].

2.3. Thematic analysis

Two toxicology experts (JL and JP) reviewed a small sample of posts, 40 posts or 8.1% of 

total posts analyzed, to identify relevant categories into which the posts could be classified. 

Categories were developed using a modified grounded theory approach [19,20]. Some 

candidate themes were collapsed if they were too similar, making it difficult to ascertain 

if a given post belonged to one or the other. Themes that were too generic and could 

be described by combinations of the other themes were eliminated. This iterative process 

generated eight themes/categories, and one additional category (other/none of the above) for 

posts that could not be labeled. Table 1 presents the themes and their definitions.

The domain experts also prepared a guidebook to drive the coding of a larger sample of 

posts (see Table A3 in the Supplementary material for sample posts). The coding process 

was a multi-label classification—each post could be assigned one or many codes. Posts that 

did not meet the criteria for any theme were labeled as “other/none of the above”.

2.3.1. Association between fentanyl and POW—To better understand the 

association between fentanyl and POW, we reviewed all 490 posts retrieved for the 

thematic analysis and attempted to identify time intervals between the last opioid use and 

buprenorphine use, and the opioids that were associated with these time intervals. Posts that 

were unrelated to OUD, did not include specific timing intervals, or did not specifically 

mention that POW was experienced were excluded. A subset of 41 posts were included.

We noted all the opioids mentioned within the reviewed posts and if the specific opioid 

used prior to buprenorphine was not mentioned, it was categorized as “unknown”. The time 

intervals, between last opioid use and buprenorphine use, which resulted in POW, were 

compared for different opioids.

2.3.2. Self management strategies—We applied NLP to curate a set of posts that 

were likely to contain all the relevant details about microdosing regimens, and we manually 

reviewed these curated posts. Guided by the toxicologists (JP, LN, JL) in this study, we 

developed NLP expressions to detect patterns in texts that indicated the presence of (i) 

an opioid (e.g., “suboxone”, “subs”, “fent”), (ii) a dosage (e.g., “1 mg”, “0.5mg”), and 

(iii) a duration (e.g., “each day”, “12 hrs”, “week”). To detect the opioids, we used their 
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generic names, trade names, street names and automatically generated misspellings. To 

detect dosages and durations, we applied regular expressions. The expressions and spelling 

variants are provided in Table A4 of the Supplementary material. Only posts that matched all 

three of the abovementioned types of expressions were manually reviewed to identify if they 

were referring to buprenorphine-related microdosing and understand the regimens described.

3. Results

3.1. Distribution of terms, posts and users

We retrieved 267,136 posts from the seven subreddits. Consistent with the growth in 

popularity of Reddit, the number of posts increased significantly over time. The first post 

was from May 19, 2012 and the last post was from April 23, 2021 (i.e., the date when 

the data was collected). Among the years for which we had full data, 2020 had the highest 

number of posts: 113,901 in 2020, compared to 245 posts in 2012. 43,986 posts were 

collected in less than four months of 2021. Similarly, the total number of people posting 

in these subreddits steadily increased over time: 21,286 unique users posted in 2020 and 

10,174 users posted in less than the first four months of 2021. Full distributions of posts and 

users per year are shown in Figures A1 and A2 of the Supplementary material.

The total number of mentions of fentanyl and analogs, POW, and the Bernese method have 

also steadily increased. The number of posts mentioning fentanyl and analogs increased 

from 3 in 2013 to 3870 in 2020, and 2917 in less than four months in 2021. The number of 

posts mentioning POW increased from 2 in 2012 to 332 in 2020. As depicted in Figure 2, 

for fentanyl and analogs, mentions were relatively rare before 2017 and steadily increased. 

POW mentions appeared in 2018, with large increases in later years. We did not find any 

mentions of the “Bernese method” before 2018 and it is the only expression that has a higher 

mention count within the first four months of 2021 compared to all of 2020. In Figure 2, the 

values for the year 2021 are estimates based on the number of days of the year up to the date 

of collection (i.e., April 23). Spearman correlation between “precipitated withdrawal” and 

“fentanyl/analog” yearly mentions was 0.882 (p = .0016) and between “fentanyl/analog” and 

“Bernese method” yearly mentions was 0.917 (p = .0005) from 2013 to 2021.

3.2. Thematic coding results

We manually coded 384 posts mentioning “precipitated withdrawal” and 106 posts 

mentioning “Bernese method”. Table 2 presents the distribution of codes assigned to each 

set of posts. Among posts about POW, the most common theme was specific triggers of 
POW (232 posts; 60.4%), followed by buprenorphine dosing strategies (140 posts; 36.5%) 

posts, and experiences of opioid use disorder (134 posts; 34.9%). Among posts about 

the Bernese method, the most common theme was buprenorphine dosing strategies (47 

posts; 44.3%), followed closely by experience of opioid use disorder (43 posts; 40.6%), 

and specific triggers of POW (38 posts; 35.8%). 36 (34.0%) posts recommended the 

Bernese method without any further context. Two hundred and thirty-five (61.2%) posts 

mentioning POW and 67 (63.2%) posts mentioning the Bernese method referred to personal 

experiences. One hundred and twenty-one (31.5%) precipitated withdrawal posts and 40 

(37.7%) Bernese method posts referred to fentanyl or analogs. Many posts discussed taking 
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adjuncts such as kratom, benzodiazepines, or loperamide as a strategy to help prolong 

the period of abstinence before taking buprenorphine. Overall, posts contained detailed 

descriptions of first-hand experiences with fentanyl, discussions of complex pharmacology 

topics, and the desire to seek alternatives for the treatment of their OUD or avoiding POW. 

Further examples of the quotes that illustrate themes that emerged from the quotes can be 

found in Table A3 (Supplementary material).

3.3. Time to precipitated opioid withdrawal

Figure 3 summarizes the durations between last opioid use and buprenorphine initiation 

that led to POW. We found 25 posts that referred to fentanyl or its analogs and specified 

the durations, 13 posts that specified durations but did not explicitly mention which opioid 

caused it, and 3 posts that attributed POW to heroin. The boxplots show that the durations 

for fentanyl vary considerably, with the median being 40 h. The longest abstinence duration 

after which a Reddit subscriber expressed experiencing precipitated withdrawal was 168 h 

(7 days). The durations were considerably shorter for heroin (median: 16 h; max: 20 h) 

and similar for the unknown category, which most likely included fentanyl. The reported 

time intervals between last fentanyl use to buprenorphine initiation that led to POW were 

compared with the reported intervals for heroin using the Wilcoxon ranked sum test. The 

intervals for fentanyl were found to be statistically significantly longer (p = .02) despite the 

small number of posts mentioning heroin.

3.4. Bernese method microdosing strategies

Only 11 posts matched all three types of NLP patterns for an opioid, a dosage, and a 

duration to detect posts describing microdosing strategies. Some posts that matched the 

patterns partially lacked complete details about the microdosing strategies. For example, 

some posts referred to sources on the Internet for details about the specific microdosing 

regimens. For posts that contained sufficient details, we extracted and summarized relevant 

details. A sample of summarized strategies is presented in Table 3. The strategies extracted 

had a range of initial buprenorphine dosing ranging from 0.125 mg to 1 mg, and gradually 

increased over a “few day” to 8 days.

4. Discussion

In this study, we analyzed anonymous posts from the social media platform Reddit to 

characterize specific aspects of the current opioid crisis. In our study, an association was 

observed between the increasing number of posts about fentanyl and the number of posts 

about POW. This association adds to other evidence that buprenorphine initiation might 

present unexpected challenges in the era of fentanyl [3]. We employed NLP methods to 

evaluate shared experiences by people with OUD about buprenorphine initiation strategies 

in the era of rising fentanyl prevalence. Few published studies have reported on the 

contemporary experiences and challenges of people with OUD, specifically those focusing 

on people who use fentanyl and seek to initiate buprenorphine. Recent studies have 

suggested that people with OUD seaking treatment are often thwarted by POW despite 

self-reported abstinence periods of up to 96 h [3,10]. Because of its emphasis on anonymity, 
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Reddit affords researchers the opportunity to explore unexpected effects of the changing 

opioid supply that might not be apparent at the individual patient level [11].

This study adds to the body of literature focusing on the intersection of social media 

and OUD by using NLP to uncover discussions about a phenomenon, POW, associated 

with buprenorphine initiation in those with chronic fentanyl use. Similar to Graves et al., 

this study draws from the experiences of patients with OUD, to address POW risks and 

evolving buprenorphine initiation strategies [16]. We found numerous anecdotal reports of 

buprenorphine microdosing strategies specifically to avoid POW. Our finding of multiple 

dosing regimens of buprenorphine microdosing (Table 3) is comparable to the multiple 

different dosing regimens described in recent case reports [2,3,8,9]. For the regimens we 

found that specified the time duration of microdosing initiation, the range was from 5 to 8 

days, comparable to existing medical literature [2,3,8]. While Klaire et al. describe a strategy 

for an in-hospital rapid up-titration of buprenorphine in 3 days, an Emergency Department 

based study by Moe et al. had a 7-day protocol [8,9].

The large increase in posts mentioning fentanyl starting in 2016 is corroborated by reports 

of increases in fentanyl related overdose fatalities starting in 2015 and continuing today 

[10,21–23]. While forensic toxicologic data of post-mortem samples may lag behind 

actual changes in the opioid supply, social media may offer an opportunity to proactively 

surveil the drug supply based on the experiences that people with OUD voluntarily share 

[11,23,24]. Using Reddit data, we found that POW-related posts increased in parallel with 

increasing fentanyl-related posts over the studied timeframe, providing additional evidence 

that changes to the drug supply may impact rates of adverse outcomes such as POW.

We also found that the median time from last fentanyl use to buprenorphine initiation among 

people who experienced POW was 40 h. This suggests that many patients are potentially at 

risk of POW after much longer periods of abstinence than the 12–24 h recommended with 

conventional buprenorphine induction in non-fentanyl use populations [2,9]. A qualitative 

study by Silverstein et al. (2019) of participants with OUD described multiple instances 

of participants who used fentanyl and developed POW while initiating buprenorphine, 

making them less likely to participate in buprenorphine therapy [10]. Participants described 

experiencing POW up to 72 h from last opioid use, which is consistent with the range of 

posts we found (Figure 3) [10]. In our time interval analysis, we found that people who used 

fentanyl experienced POW after a statistically significant longer abstinence period compared 

to people who used heroin. Interestingly, there were many more posts in the fentanyl group 

compared to the heroin group, which may reflect an increased incidence of developing POW 

in this group or a higher prevalence of fentanyl use among Reddit subscribers. Further 

research should characterize the toxicokinetics of fentanyl in people with OUD, as this 

has important clinical implications for clinicians treating these patients in an algorithmic 

approach to buprenorphine induction.

There are several limitations to this study. Reddit users have been reported to be majority 

male, younger, and non-Hispanic white, compared to the general population of the United 

States, and may not reflect a representative sample of people with OUD [17]. Although 

several subreddits were searched in order to find relevant posts, some subreddits were 
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excluded for low relevance to the research question, however these subreddits could still 

contain some posts about POW that could be different from the analyzed posts in systematic 

ways causing selection bias. The search strategy for microdosing buprenorphine focused on 

posts related to the “Bernese method”, could have also lead to missing important posts about 

alternative microdosing strategies. Additionally a temporal association between increased 

posts about fentanyl and POW could be related to various other factors such as temporal 

changes in how OUD is being treated or increasing usage of buprenorphine over other 

medications to treat OUD. Another limitation to the temporal association of posts about 

fentanyl and POW was having incomplete data for 2021 due to collecting the data part way 

through the year, although the trends appeared to continue that year, the estimate could be 

inaccurate. Additionally, people who experience negative outcomes could be more likely to 

post about them on social media, exaggerating the risk of POW. Another limitation to this 

study is that the geographic locations of posts were not available to evaluate if the locations 

of the people making these posts corresponded to areas of high fentanyl prevalence. As the 

exact composition of the opioid supply may not be known to people with OUD, variable 

fentanyl prevalence and the presence or absence many different fentanyl analogues could 

impact the development of POW.

5. Conclusion

This study found that Reddit discussions about POW increased in a similar timeframe as 

Reddit posts about fentanyl. Posts related to POW discussed the experiences of people 

with OUD and several themes emerged that are of importance to clinicians who treat these 

patients. Many posts discussed strategies to avoid POW with buprenorphine inductions. 

A subset of posts described microdosing, or the Bernese method, as a strategy to avoid 

POW. The challenges of initiating buprenorphine need to be evaluated in the context of the 

prevalence of fentanyl in the drug supply so that clinicians can optimize treatment initiation 

with buprenorphine, as the fear of POW may lead to patients avoiding care for OUD. In the 

future, objective studies in patients with fentanyl use and OUD initiating buprenorphine are 

needed to corroborate the findings reported in this paper.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding

Research reported in this publication was supported by the National Institute on Drug Abuse (NIDA) of the NIH 
under award number R01DA046619. The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the NIH.

References

[1]. Mancher M, Leshner AI. National academies of sciences E. Medications for opioid use disorder 
save lives. Washington, D.C.: National Academies Press; 2019.

[2]. Hämmig R, Kemter A, Strasser J, et al. Use of microdoses for induction of buprenorphine 
treatment with overlapping full opioid agonist use: the Bernese method. Subst Abuse Rehabil. 
2016; 7:99–105. [PubMed: 27499655] 

Spadaro et al. Page 8

Clin Toxicol (Phila). Author manuscript; available in PMC 2023 August 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[3]. Antoine D, Huhn AS, Strain EC, et al. Method for successfully inducting individuals who 
use illicit fentanyl onto buprenorphine/naloxone. Am J Addict. 2021;30(1):83–87. [PubMed: 
32572978] 

[4]. Oakley B, Wilson H, Hayes V, et al. Managing opioid withdrawal precipitated by buprenorphine 
with buprenorphine. Drug Alcohol Rev. 2021;40(4):567–571. [PubMed: 33480051] 

[5]. Thakrar AP, Jablonski L, Ratner J, et al. Micro-dosing intravenous buprenorphine to rapidly 
transition from full opioid agonists. J Addict Med. 2021;2021:838.

[6]. Randhawa PA, Brar R, Nolan S. Buprenorphine–naloxone “microdosing”: an alternative induction 
approach for the treatment of opioid use disorder in the wake of North. CMAJ. 2020; 
192(3):E73–E73. [PubMed: 31959660] 

[7]. Huhn AS, Hobelmann JG, Oyler GA, Strain EC. Protracted renal clearance of fentanyl in persons 
with opioid use disorder. Drug Alcohol Depend. 2020;214:108147. [PubMed: 32650192] 

[8]. Klaire S, Zivanovic R, Barbic SP, et al. Rapid micro-induction of buprenorphine/naloxone for 
opioid use disorder in an inpatient setting: a case series. Am J Addict. 2019;28(4):262–265. 
[PubMed: 30901127] 

[9]. Moe J, Badke K, Pratt M, et al. Microdosing and standard-dosing take-home buprenorphine from 
the emergency department: a feasibility study. J Am Coll Emerg Physicians Open. 2020;1(6): 
1712–1722. [PubMed: 33392580] 

[10]. Silverstein SM, Daniulaityte R, Martins SS, Miller SC, et al. “Everything is not right anymore”: 
Buprenorphine experiences in an era of illicit fentanyl”. Int J Drug Policy. 2019;74:76–83. 
[PubMed: 31563098] 

[11]. Pandrekar S, Chen X, Gopalkrishna G, et al. Social media based analysis of opioid epidemic 
using reddit. https://www.reddit.com/dev/api/.

[12]. Usage Reddit and Growth Statistics: How Many People Use Reddit in 2021; [cited 2021 May 
28]. Available from: https://backlinko.com/reddit-users#reddit-statistics.

[13]. Reddiquette – Reddit Help; [cited 2021 May 28]. Available from: https://reddit.zendesk.com/hc/
en-us/articles/205926439-Reddiquette.

[14]. Lu J, Sridhar S, Pandey R, et al. Redditors in recovery: text mining reddit to investigate 
transitions into drug addiction. In: 2018 IEEE International Conference on Big Data. IEEE; 
2018. 2521–2530..

[15]. Zhan Y, Zhang Z, Okamoto JM, et al. Underage juul use patterns: content analysis of reddit 
messages. J Med Internet Res. 2019; 21(9):e13038. [PubMed: 31502542] 

[16]. Graves RL, Sarker A, Al-Garadi MA, et al. Effective buprenorphine use and tapering strategies: 
Endorsements and insights by people in recovery from opioid use disorder on a Reddit forum. 
bioRxiv. Published online December 11, 2019. 871608.

[17]. Boe B. PRAW: The Python Reddit API Wrapper. Published 2017. https://praw.readthedocs.io/en/
latest/.

[18]. Sarker A. LexExp: a system for automatically expanding concept lexicons for noisy biomedical 
texts. Bioinformatics. 2020;37: 2499–2501.

[19]. Starks H, Trinidad SB. Choose your method: a comparison of phenomenology, discourse 
analysis, and grounded theory. Qual Health Res. 2007;17(10):1372–1380. [PubMed: 18000076] 

[20]. Creswell JW, Hanson WE, Clark Plano VL, et al. Qualitative research designs: selection and 
implementation. Couns Psychol. 2007;35(2):236–264.

[21]. Carroll JJ, Marshall BDL, Rich JD, et al. Exposure to fentanyl-contaminated heroin and overdose 
risk among illicit opioid users in Rhode Island: a mixed methods study. Int J Drug Policy. 
2017;46: 136–145. [PubMed: 28578864] 

[22]. Centers for Disease Control (CDC). Increases in fentanyl drug confiscations and fentanyl-related 
overdose fatalities. Advisory from Health Alert Network (HAN); 2020.

[23]. Daniulaityte R, Juhascik MP, Strayer KE, et al. Overdose deaths related to fentanyl and its 
analogs — Ohio. MMWR Morb Mortal Wkly Rep. 2017;66(34):904–908. [PubMed: 28859050] 

[24]. Pardo B, Reuter P. Enforcement Strategies for Fentanyl and Other Synthetic Opioids THE 
OPIOID CRISIS IN AMERICA. www.brookings.edu/about-us/annual-report/.

Spadaro et al. Page 9

Clin Toxicol (Phila). Author manuscript; available in PMC 2023 August 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.reddit.com/dev/api/
https://backlinko.com/reddit-users#reddit-statistics
https://reddit.zendesk.com/hc/en-us/articles/205926439-Reddiquette
https://reddit.zendesk.com/hc/en-us/articles/205926439-Reddiquette
https://praw.readthedocs.io/en/latest/
https://praw.readthedocs.io/en/latest/
http://www.brookings.edu/about-us/annual-report/


HIGHLIGHTS

• Increase in mentions of precipitated opioid withdrawal (POW) on Reddit 

from 2012 to 2021 was associated with the increase in fentanyl and analog 

mentions.

• Experiences of precipitated opioid withdrawal (POW) were described by 

individuals despite reporting prolonged periods of abstinence compared to 

standard buprenorphine induction protocols.

• People with Opioid Use Disorder (OUD) on Reddit are using and 

recommending microdosing strategies with buprenorphine to avoid POW.

• People who used fentanyl report experiencing POW following statistically 

longer periods of abstinence than people who use heroin.
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Figure 1. 
Flow diagram illustrating the extraction, analyses, and steps included in this study, along 

with the number of posts included where relevant. Starting with a set of predetermined 

key phrases (a), we generated their lexical variants (b) and computed their frequencies 

in data from the seven included subreddits (c). Posts about precipitated withdrawal and 

Bernese method were filtered (d) and manually coded for themes (e). Topics of interest 

were discovered during the manual coding (f) and natural language processing methods were 

applied to retrieve more posts related to the topics (g). Descriptive analyses were performed 

on the retrieved posts (h). NLP: natural language processing.
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Figure 2. 
Yearly distributions of mentions of precipitated withdrawal (top), fentanyl and analogs 
(middle), and Bernese method (bottom) within our chosen six subreddits. Counts of distinct 

lexical variants are aggregated. For 2021, the values presented are estimates based on the 

number of days that had elapsed up to the day of collection (April 23; 113 days). The true 

count is multiplied by the fraction 365
113 .
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Figure 3. 
Boxplots showing the distributions of time between last opioid use to buprenorphine 

initiation that led to precipitated withdrawal for fentanyl & analogs, heroin and unspecified 
opioids.
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Table 2.

Distribution of manually-assigned codes in the sample of precipitated withdrawal and Bernese method 
reviewed.

Code
Distribution in precipitated 
withdrawal posts (n = 384)

Distribution in Bernese method posts 
(n = 106)

Non-Opioid Treatment of POW 26 [6.7%] 14 [13.2%]

Avoidance and Fear of POW 77 [20.0%] 10 [9.4%]

Buprenorphine dosing Strategies 140 [36.5%] 47 [44.3%]

Specific Triggers of POW 232 [60.4%] 38 [35.8%]

Personal Experience with Buprenorphine microdosing 
strategies

14 [3.6%] 33 [31.1%]

Experience of Opioid Use Disorder 134 [34.9%] 43 [40.6%]

Buprenorphine pharmacology 60 [15.6%] 12 [11.3%]

Fentanyl Pharmacology 32 [8.3%] 7 [6.6%]

Other/None of the above 32 [8.3%] 0 [0%]

Recommendation of Bernese Method without further 
context

0 [0%] 36 [34.0%]
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Table 3.

Buprenorphine microdosing regimens discussed on subreddits.

Dosing regimen
Total duration 

described

Day 1 & 2: 0.5 mg buprenorphine 6 days

Day 3 & 4: 1 mg buprenorphine

Day 5 & 6: 2 mg buprenorphine

Start with 0.5 mg and increase [to full dose] over ~ 5 days 5 days

Start with 0.25 mg and increase slowly [to full dose] over the next few days Unspecified

Day 1: 0.125 mg Unspecified

Day 2: 0.15 mg

Day 3: 0.2 mg

Increase gradually

Day 1: 0.25 mg × 4 Unspecified

Day 2: 0.5 mg × 4

Increase proportionally until prescribed dose of Suboxone®; continue opioid use in the meantime.

Increase [from 1 mg] to 8 mg in 8 days 8 days

Wait until standard opioid withdrawal becomes too difficult to tolerate and then take a small dose (0.5 mg) of 
buprenorphine. If precipitated withdrawal starts, take opioid. Increase Suboxone® and lower opioid over time gradually.

Unspecified

Day 1: 0.5 mg buprenorphine while continuing fentanyl use 6 days

Day 2: 1 mg × 2

Day 3: 2 mg × 2

Day 4: 4 mg × 2

Day 5: 8 mg × 2

Day 6: 8 mg × 2, but without opioid/fentanyl/oxycodone

Day 1: 0.5 mg × 2 (AM/PM); use fentanyl after Suboxone® dose, just enough to feel okay. 6 days

Day 2: 1 mg × 2 (AM/PM); same amount of fentanyl as day 1.

Day 3: 2 mg × 2 (AM/PM); only use fentanyl if feeling sick and do not use extra fentanyl.

Day 4: 4 mg AM; no fentanyl

Day 5: no Suboxone® and no fentanyl

Day 6: 4 mg Suboxone®; no fentanyl

Wait as long as possible after fentanyl use until withdrawal starts. Then take 1 mg Suboxone®. Use fentanyl if precipitated 
withdrawal occurs. Follow this routine for a week, 2 times a day, while slowly increasing Suboxone® dose.

7 days

Day 1: 0.5 mg buprenorphine in the morning; wait half an hour before using opioid again. Repeat same routine in the 
evening.

Unspecified

Day 2: 1 mg × 2 (morning/evening); lower dose of opioid.
Repeat method by increasing buprenorphine and reducing opioid amounts over time.
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