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Comparison of Methods for Recruiting Suburban Opioid Users for Research	

Background: Increasing opioid use among young people contributes to multiple harms including overdose, and HIV and hepatitis C virus infections. Objective: We conducted a study to test and compare internet-based methods for recruiting young suburban residents for research on opioid use and risk behaviors. Methods: We used a multi-pronged advertising strategy to recruit young adults (18-29 years) residing in the suburbs surrounding the City of Chicago to an online survey to test the feasibility of using these methods to recruit people who used opioids in the past 30 days for a research study. Results: Over 1,000 survey responses were recorded during 13 weeks, of which 60% (n = 606) were valid and at least 90% complete. Survey completers were 61% male, and 65% non-Hispanic white, with a mean age of 21. Six percent of respondents (n = 34) reported misuse of prescription pain relievers in the past 30 days, and 1% (n = 6) reported recent heroin use. Of the 38 respondents who were eligible for the telephone interview, 26 (68%) indicated that they were interested in learning more about the research study, and 24 provided contact information. Conclusion: Facebook/Instagram advertising appears to be a useful online resource for identifying and recruiting suburban opioid users for research, with a cost of about $20 per subject. Craigslist and reddit, while free, are slower and less efficient as they require staff time to continually re-post, but may be worthwhile to include as part of a multi-pronged strategy.
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Introduction
The U.S. opioid epidemic is a significant public health problem taking its toll in increasing rates of opioid overdose deaths (Centers for Disease Control and Prevention, 2011; Rudd, Seth, David, & Scholl, 2016; Seth, Scholl, Rudd, & Sarah, 2018), rising rates of heroin use and injection drug use (IDU) (Broz & Ouellet, 2008; Center for Behavioral Health Statistics and Quality, 2015; Centers for Disease Control and Prevention, 2001; Chatterjee et al., 2011; Kuehn, 2014; Tempalski et al., 2013), an emerging epidemic of hepatitis C virus infection (Zibbell et al., 2018; Zibbell et al., 2015), and alarming outbreaks of injection-related HIV infection (Massachusetts Department of Public Health; Strathdee & Beyrer, 2015).  An estimated 3-4% of people who misuse prescription opioids (PO) initiate heroin use (Compton, Jones, & Baldwin, 2016; Jones, Logan, Gladden, & Bohm, 2015), and prior and concurrent PO misuse is common among young people who inject drugs (PWID) (Al-Tayyib, Rice, Rhoades, & Riggs, 2014; Compton et al., 2016; Jones et al., 2015; Khosla, Juon, Kirk, Astemborski, & Mehta, 2011; Lankenau et al., 2012b; Mackesy-Amiti, Donenberg, & Ouellet, 2015; Martinez, D’Amico, Kral, & Bluthenthal, 2012). In the last decade, several studies (Grau et al., 2007; Jones, 2013; Lankenau et al., 2012a; Mars, Bourgois, Karandinos, Montero, & Ciccarone, 2014; Peavy et al., 2012; Pollini et al., 2011) have linked the rise in PO misuse (National Institute on Drug Abuse & Community Epidemiology Work Group, 2011; Substance Abuse and Mental Health Services Administration, 2009), particularly among young people (Johnston, O'Malley, Bachman, & Schulenberg, 2010; Lankenau et al., 2012a; Substance Abuse and Mental Health Services Administration, 2010), with the simultaneous increase in IDU (Broz & Ouellet, 2008; Chatterjee et al., 2011; Tempalski et al., 2013) among young, mostly non-Hispanic  whites from suburban and rural areas of the United States (U.S.) (Armstrong, 2007; Boodram, Mackesy-Amiti, & Latkin, 2015; Broz & Ouellet, 2008; Broz et al., 2014; Mackesy-Amiti, Donenberg, & Ouellet, 2012; Mathers et al., 2008; National Institute on Drug Abuse & Community Epidemiology Work Group, 2011; Neaigus et al., 2006; Prussing, Bornschlegel, & Balter, 2014). The design and implementation of effective harm reduction interventions must be informed by a good understanding of the risks that contribute to the harms (e.g. overdose, HCV infection) (Newcombe, O'Hare, Matthews, & Buning, 1992), including information on the distribution of risks in the population, and factors that exacerbate or ameliorate these risks. Understanding and preventing transitions from PO to heroin use and IDU, as well as understanding individual, social and community-level factors that lead to high-risk behaviors and high-risk partner contact are potentially important contributions to overdose prevention and HCV prevention in this population. Studies are needed to assess the state of overdose awareness, HCV knowledge, risk practices, and profiles of young suburban PWID. 

We report a study designed to address challenges in recruiting young suburban opioid users. While fixed site syringe service programs at the University of Illinois at Chicago’s (UIC) Community Outreach Intervention Projects have served as recruiting points for past studies of young PWID (Boodram et al., 2015; Garfein et al., 2007; Iguchi et al., 2009; Mackesy-Amiti et al., 2012; Thorpe, Bailey, Huo, Monterroso, & Ouellet, 2001), these sites provide limited reach geographically and in terms of recruiting non-injecting opioid users. Respondent-driven sampling (RDS) (Burnhams et al., 2016; Heckathorn, 1997; Heckathorn, Semaan, Broadhead, & Hughes, 2002; Young, Rudolph, & Havens, 2018), is of limited use in a population with strongly clustered networks, in which most of the network members only know one another. In our most recent study of PWID that employed RDS (Mackesy-Amiti et al., 2012), although the average reported network size was ~7, the average depth of recruitment chains was only 2.6 – that is, recruitment usually stopped after 2 to 3 waves. 
Other chain-referral approaches, including snowball sampling (Biernacki, 1986; Kaplan, Korf, & Sterk, 1987) and the random walk method (Bell, Erbaugh, Serrano, Dayton-Shotts, & Montoya, 2017), can be expected to have similar disadvantages in recruiting from this population. Although targeted sampling (Peterson et al., 2008; Rudolph et al., 2011; Semaan, Lauby, & Liebman, 2002), venue or time-space sampling (Muhib et al., 2001; Semaan, 2010), and adaptive allocation and cluster sampling designs (Thompson & Collins, 2002) have also been productively employed in the study of opioid and other drug users, they each suffer from concerns regarding coverage adequacy and require considerable time and effort to properly implement.
In order to reach young suburban opioid/heroin users more effectively, especially those who have not yet initiated IDU, we conducted a study designed to investigate new and potentially more efficient social media and electronic methods of survey recruitment for this hard-to-find population. We also embedded a test of different images in social media advertising campaigns. These advertisements rely heavily on images to draw attention and we were interested in testing the effect of using drug images vs. other content.
Methods
Procedures
We used a multi-pronged advertising strategy to recruit young adults (18-29 years) residing in the suburbs surrounding the City of Chicago to an online survey for a study on “substance use and health”. To avoid false reporting, we did not advertise that we were seeking opioid users. The questionnaire introduction and consent page included the statement, “After you complete the survey, you may be invited to participate in a research study at the University of Illinois at Chicago.” We collected data on the number of surveys completed for each recruitment method. In addition, given the importance of recruitment messages (Choi et al., 2017; Kayrouz, Dear, Karin, & Titov, 2016; Wozney, Turner, Rose-Davis, & McGrath, 2019), we included a test of different advertising images. Using the Facebook split test design, we compared the responses to three different images that were designed to test the effectiveness of alternative appeal strategies. 
The Qualtrics survey collected information about participants’ substance use, and respondents who reported recent (past 30 days) prescription opioid or heroin use were recruited for a telephone interview. Informed consent was obtained by requiring participants to click on the statement “I consent to participate” at the bottom of the introduction page that informed participants about the purpose of the survey, protection of confidentiality, and data security. To protect respondent confidentiality, IP addresses and location data were not recorded with survey responses. After completing the survey, participants had the opportunity to enter contact information for a random drawing for a $20 Amazon gift card. Contact information was kept separate from survey data, and downloaded and deleted from the server daily. The protocol for this study was approved by the University of Illinois at Chicago Institutional Review Board (#2017-0943). 
Recruitment
We identified a tentative set of 11 recruitment approaches that have been used to recruit similar hard to reach populations (Casler, Bickel, & Hackett, 2013; Duncan, White, & Nicholson, 2003; Fenner et al., 2012; Guillory et al., 2018; Hendricks, Düking, & Mellalieu, 2016; Leach, Butterworth, Poyser, Batterham, & Farrer, 2017; Lord, Brevard, & Budman, 2011; Motoki et al., 2017; Nunan & Knox, 2011; Ramo & Prochaska, 2012; Thornton et al., 2016), including conventional non-electronic methods, electronic recruitment methods, and social media recruitment methods. We included approaches targeting the general population as well as those that were youth-oriented. In addition, we conducted two focus groups with syringe service program clients who met the study eligibility criteria to elicit input to further develop the list of recruitment venues/strategies. The focus group conversations highlighted the difficulties in identifying relevant public spaces, physical or virtual, that might be leveraged to recruit suburban PWID. In contrast to the city, suburban drug use occurs more frequently private in spaces, and drugs are delivered directly to private homes. 
We staggered the roll-out of each recruitment method over a 3-month period to better evaluate the independent effectiveness of each. Due to inherent differences in the various methods, we did not attempt to regulate the length of time for which each method was employed. To avoid over-recruiting by any method, we initially set a quota of 125 valid survey responses for each (250 for Facebook/Instagram). Each advertisement method included a URL tag to track the source of the response, and at the end of survey we asked respondents how they learned about the study. Respondents were also encouraged to share the survey link. Advertisements were titled “Study on Substance Use & Health - Online Survey” and included the following text in the ad or on a landing page (for social media picture-based ads): 
“Researchers at the University of Illinois at Chicago are conducting a survey on substance use and health for people 18 to 29 years old who live in the suburban Chicago area. The survey will ask questions about your experience with substance use, including prescription medicines, marijuana, and other drugs. You may also be asked questions about certain health issues. For most people, the survey takes about 10 minutes to complete. Participants will have a chance to win one of fifty (50) $20 Amazon gift cards. Odds of winning are approximately 1 in 20. To learn more and to access the survey click here: [link].”
Week 1. Craigslist
Craigslist ads were placed in the “Volunteers” category for each Chicago area (central, west, northwest, north, south, and northeast Indiana) on a rotating basis. The ads were continually reposted and renewed to keep them appearing on the first page.
Week 2. Bluelight Forum
We posted our ad in the Drug Studies sub-forum. It remained on the front page and did not need to be renewed.
Week 3. UIC Announce
We submitted our ad to UIC Announcements, an online announcement system hosted by the University of Illinois at Chicago (UIC), and it remained visible for the remainder of the recruitment period. (Flat fee, $125).
Week 4/6. Reddit
We began by posting in the r/SampleSize subreddit, which is specifically intended for recruiting research participants. We cross-posted to the r/Chicago and r/drugs subreddits. The r/drugs posting had to be authorized by a moderator, who requested minor changes to some of the survey questions. Specifically, the moderator requested that we use the term “psychedelics” rather than “hallucinogens” in “LSD, psilocybin, mescaline, peyote or any other hallucinogen”, remove GHB and Rohypnol from the dissociatives category (PCP, ketamine, Rohypnol or GHB), and accommodate sublingual as a route of administration (we changed “swallowing” to “orally”). We then converted the post to a paid ad (promoted post). We also sought to post in the r/opiates subreddit but the moderators did not allow it.
Week 6. Flyers
We posted flyers in various locations (e.g., train stations, supermarkets, laundromats, community colleges) in the West and Southwest suburbs of Chicago. 
Week 6/7. Facebook/Instagram
We began a Facebook campaign with a split test to compare the performance of three images (see Fig 1 and Fig 2), with a daily budget of $20. We then continued the campaign with the best performing image with a daily budget of $30. We used a single image ad with a “Learn More” button linking to the Qualtrics survey landing page. The campaign was targeted to age 18-30 and a list of zip codes defining the Chicago suburban area. The campaign was initially configured to allow Facebook to determine the best distribution of placements for our target sample. This resulted in over 90% of placements on Instagram, and after 4 days we reached the quota of 250 valid survey responses. In order to obtain more Facebook responses, we reset the quota and resumed the campaign without Instagram. Figure 1. Facebook advertisement with drugs image

Week 7. TumblrFigure 2. Alternative images: (a) drug icons, (b) laptop cat.

Prior to the survey campaign, we set up a Tumblr account and posted items about overdose prevention and hepatitis C. We posted the advertisement using tags: #drugs, #heroin, #pills, #overdose, #health, #survey, and #Chicago. We searched for users who had posted with tags #heroin and #Chicago and shared the post with 5 Tumblr users identified.
Week 7/8. Snapchat
We submitted ads with the same three images we used for Facebook, however the drug images and drug icons were not allowed. This was a short campaign as the minimum bid for Snapchat is $50/day. The laptop cat ad (Fig 2, image (b)) ran for 2 days, then we selected two alternative images (Fig 3) for a second campaign that ran for 3 days.Figure 3. Snapchat ads with alternative images: a) brain, b) eggs.

Week 8. Twitter
We used the drugs image (Fig 1) for the Twitter campaign and key words #drugs, #pills, #opioids, #heroin, and #Chicago. With a budget of $30/day this campaign ran for 7 days.
Week 10. Facebook (Round 2)
As we neared the end of our recruiting period, and having experimented with all of the above recruitment methods, we had accumulated a total of 773 survey responses, with 566 screening eligible responses. Since we had not reached our goal of 1,000 responses, we decided to run another campaign focused on Facebook placements only, and let this run until the end of the recruitment period. 
Eligibility
Individuals between the ages of 18 and 29 who lived outside of Chicago, in a zip code within a 45-mile driving distance of UIC on Chicago’s near west side, were eligible to complete the screening questionnaire. The eligible zip code area included Cook County (outside of Chicago), DuPage County, parts of Kane, Kendall, Will, and Lake counties in Illinois, and part of Lake County, Indiana (see Fig 4).   
Initial ScreeningFigure 4. Sampling Area (Zip Codes)

The screening questionnaire (Multimedia Appendix 1) required 5-8 minutes to complete. It included questions about age, gender, residence (zip code), and lifetime and recent substance use (including nicotine and alcohol) and routes of administration to assess eligibility. Other questions included race/ethnicity, education, employment, and smartphone ownership. Additional questions were asked for participants who reported opioid use (heroin or prescription pain relievers) or injection drug use to assess overdose experiences, overdose and hepatitis C knowledge, syringe access, and HCV testing. Responses for age, zip code, gender, substances ever used and recency of use were required. Participants who reported any heroin use or misuse of prescription pain relievers in the past 30 days were informed that they qualified for a telephone interview and they received a unique alpha-numeric ID code. They were re-directed to a new form and asked to provide their contact information (phone number or email address). To protect confidentiality, the contact information form was not linked to the survey data. Participants were informed that they needed to write down or copy their ID code and provide it to the interviewer. Survey participants who were not selected were re-directed to a form to provide a phone number or email address for a random drawing. All screening participants received an entry into a random drawing for 1 of 50 $20 Amazon gift cards, (1/20 chance of winning).
Telephone interview
Selected participants were contacted by telephone, or directed in an email to call a toll-free number at the UIC Survey Research Laboratory. Interviewing was conducted primarily on weekday evenings and weekends to increase the probability of successful contact with respondents. In the telephone screening, the interviewer assessed the reliability of participants’ responses by repeating some questions and asking for additional details, such as a description of the substance used. If current opioid use was confirmed, the participant was asked if they would be willing to participate in a study that consisted of an in-person 90-minute interview for which they would receive $50 plus transportation expenses depending on distance to travel. Participants selected for telephone screening were offered a $5 gift card as compensation for their time, later increased to $10. 
Measures
Demographic information collected included gender, age, race/ethnicity, and zip code. Using zip code data, geographic areas of South, Southwest, West, and North suburbs were defined, consistent with Cook County Department of Health administrative districts. The screening questionnaire included items to measure types of substances ever used, age of first use, modes of use (e.g. smoking, snorting, injection), recency of use, and frequency of use in the past 6 months and in the past 30 days. Lifetime substance use was assessed with two screening questions inquiring about 1) Licit and illicit substances including tobacco, alcohol, marijuana, cocaine, heroin, etc., and 2) misuse of prescription drugs, including pain relievers, sedatives, tranquilizers, etc. (“Have you ever used any of the following types of prescription drugs when they were not prescribed to you and/or that you used to get high or to avoid withdrawal symptoms? This can include using larger amounts, more often, or for longer than prescribed.)” Examples of prescription pain relievers were given (e.g. codeine, Dilaudid, Tramadol, Vicodin, Oxycontin). Participants who reported past or current injection were asked for their age at first injection for each substance injected. 
Analysis
For each recruitment method employed, we computed measures of speed, cost and quality. We evaluated speed as the average number of valid and complete survey responses per day for the duration of each advertising campaign. For paid advertising methods, we evaluated cost in terms of (1) cost-per-result (i.e. click/swipe through to web site), (2) cost per completed screening, and (3) cost per interview-eligible subject identified. We evaluated quality for each method as (1) the total number of survey responses generated, (2) the screening survey completion rate, (3) the eligibility rate produced, and (4) sample diversity in terms of age, education and race/ethnicity. 
Demographic and substance use characteristics were first examined with descriptive statistics, including means and proportions, stratified by recruitment method. ANOVA and chi-square tests of independence were used to investigate whether or not these measures differed significantly by recruitment method. For categorical variables, contrasts were computed using multinomial logistic regression. 
We estimated that with at least 52 screening responses for each specific recruitment method we would have 80% power to detect medium-sized effects (d = 0.50) in continuous outcomes (e.g. time measures, age), and a 3-fold increase in the eligibility rate (e.g. 15% vs. 5%). While the population prevalence of past month opioid use was estimated at 2.5% for young adults, we anticipated that overall about 10% of the people who responded to the advertised study on “substance use and health” would report opioid use. Thus, we estimated that 1,000 screening surveys would provide the minimum sample of n = 100 for estimating the proportion who would agree to an in-person interview with a margin of error of +/-10 percentage points. 
Results
Figure 5 shows a flow chart of the recruitment sampling results.


Survey responses received: n=1,011

Meets eligibility criteria: n=783

Completed survey: n=606

Interview eligible: n=38

Interview completed: n=17

Screening Incomplete (n=47) or ineligible (n=181)
Incomplete Survey n=177
No current opioid use reported (n=568)
Not interested (n=12), no contact (n=2), or no response (n=7) 
Figure 5. Recruitment flow chart.

Recruitment
We began recruitment April 30, 2018 and ended July 28, 2018 (13 weeks). The final set of recruitment methods, the duration of each campaign, and the number and rate of survey responses generated by each are shown in Table 1. A total of 1,011 survey responses were recorded, of which 47 (5%) had an incomplete screening section, and 181 (18%) were ineligible on age or zip code. Of the 783 eligible responses, 177 (23%) were less than 90% complete. 
Facebook ads are overrepresented as we extended the Facebook campaign near the end of the survey period, as discussed above. We include in the analysis 586 complete responses and 20 
Table 1. Characteristics of recruitment methods employed and responses received
	
	
	
	
	Survey responses

	Method
	type
	audience
	duration (days)a
	Total
	Valid & complete
	avg # per day

	
	
	
	
	
	
	

	Facebook ad
	social media ad
	general 
	26
	430
	263
	10

	Instagram ad
	social media ad
	youth/YA
	8
	237
	210
	26

	reddit ad
	social media ad
	YA
	11
	62
	20
	2

	Snapchat ad
	social media ad
	youth/YA
	5
	57
	31
	6

	Twitter ad
	social media ad
	general 
	7
	17
	6
	1

	UIC announce
	electronic post
	youth/YA
	64
	16
	7
	< 1

	Craigslist
	electronic post
	general 
	70
	88
	32
	< 1

	reddit post
	social media post
	YA
	35
	88
	29
	1

	Tumblr post
	social media post
	YA
	7
	4
	1
	< 1

	Bluelight post
	social media post
	general 
	10
	4
	1
	< 1

	Flyer
	non-electronic
	general 
	14
	1
	1
	< 1

	Flyer
	non-electronic
	youth/YA
	-
	0
	0
	

	Direct link share
	 
	 
	7
	5
	 

	Total
	 
	 
	 
	1011
	606
	 

	aDuration for social media ads is the duration of the campaign; otherwise duration is the time from first posting to last response received.



responses with 91-98% completion as usable responses (n = 606). (Responses that were 91% complete answered all but the last two questions, asking how they learned about the survey, and for interview-eligible respondents, if they were interested in receiving information about a research study). Instagram produced the fastest rate of responding at 26 valid and complete surveys per day, followed by Facebook at 10 per day. Table 2 shows the proportion of screening responses that resulted in eligible survey respondents and completed surveys for each method. Responses originating from an Instagram ad were most likely to result in a completed survey, followed by a shared link and Facebook ads.
Table 2. Survey eligibility and completion rates by recruitment method
	
	All
	Eligiblea
	Complete (>90%)

	Source
	N
	N
	Pct of all
	N
	Pct of eligible
	Pct of all

	
	
	
	
	
	
	

	Facebook ad
	430
	376
	87%
	263
	70%
	61%

	Instagram ad
	237
	226
	95%
	210
	93%
	89%

	Reddit ad (paid)
	62
	28
	45%
	20
	71%
	32%

	Snapchat ad
	57
	44
	77%
	31
	70%
	54%

	Twitter ad
	17
	10
	59%
	6
	60%
	35%

	Reddit post (free)
	88
	38
	43%
	29
	76%
	33%

	Tumblr post
	4
	4
	100%
	1
	25%
	25%

	Bluelight post
	4
	2
	50%
	1
	50%
	25%

	Craigslist
	88
	37
	42%
	32
	86%
	36%

	UIC announce
	16
	10
	63%
	7
	70%
	44%

	Flyer
	1
	1
	- 
	1
	- 
	- 

	Direct link share
	7
	7
	100%
	5
	71%
	71%

	Total
	1011
	783
	 
	606
	
	

	a Met age and zip code eligibility criteria



	Paid advertising metrics, including the results of the Facebook split test, are shown in Tables 3 and 4. The result rate is the percentage of impressions that produced a result (click/swipe-through). Standard cost metrics include cost per 1,000 impressions, and cost per result. In the Facebook split test, the drugs image produced a superior result rate compared with the drug icons and laptop cat images (Chi2 = 29.05, p = 0.0001), at less than half the cost per result ($0.19 vs. $0.40). On Snapchat, the laptop cat image performed better than the alternative images (drug images/icons were not allowed). Facebook/Instagram produced the best result rate


Table 3. Paid advertising impressions and cost 
	Method
	Image
	Duration
	Total spent
	Impressions
	CPMa

	Reddit: r/chicago
	drug icons
	11 days
	$ 72.20
	52512
	$ 1.37

	Reddit: r/drugs
	drug icons
	11 days
	$   0.91
	2500
	$ 0.36

	Snapchat
	laptop cat
	2.5 days
	$ 12.86
	40633
	$ 2.78

	
	alt 1 (brain)
	1.5 days
	$ 83.71
	39123
	$ 2.14

	
	alt 2 (eggs)
	1.5 days
	$ 76.25
	39480
	$ 1.93

	Twitter
	drugs image
	7 days
	$200.00
	29141
	$ 6.86

	Facebook: split test
	laptop cat
	2 days
	$ 21.75
	2450
	$ 8.88

	
	drugs image
	2 days
	$ 22.39
	2581
	$ 8.67

	
	drug icons
	2 days
	$ 21.18
	2233
	$ 9.48

	Facebook: all placements
	drugs image
	6 days
	$141.47
	15839
	$ 8.93

	Facebook: no Instagram
	drugs image
	18 days
	$288.45
	53888
	$ 5.35

	aCost per 1,000 impressions



Table 4. Paid advertising result rate and cost per result
	Method
	Image
	Results
	Result Ratea
	CPRb

	Reddit: r/chicago
	drug icons
	146
	0.28%
	$ 0.49

	Reddit: r/drugs
	drug icons
	27
	1.08%
	$ 0.03

	Snapchat
	laptop cat
	312
	0.77%
	$ 0.36

	
	alt 1 (brain)
	153
	0.39%
	$ 0.55

	
	alt 2 (eggs)
	155
	0.39%
	$ 0.49

	Twitter
	drugs image
	100
	0.34%
	$ 2.00

	Facebook: split test
	laptop cat
	62
	2.53%
	$ 0.35

	
	drugs image
	119
	4.61%
	$ 0.19

	
	drug icons
	46
	2.06%
	$ 0.46

	Facebook: all placements
	drugs image
	938
	5.92%
	$ 0.15

	Facebook: no Instagram
	drugs image
	898
	1.67%
	$ 0.32

	aPercent of impressions (views) that produced a result (click)

	bCost per result





and second lowest cost per result. Reddit r/drugs was least expensive, but generated a smaller number of impressions and only 27 results over 11 days. Twitter was the most expensive at $2.00 per result.
When we look at sources that produced interview-eligible respondents (n=38 current opioid users), Instagram ads performed less well than other sources (Table 5). Craigslist and reddit posts were more likely to find these respondents. Snapchat also performed slightly better than Facebook/Instagram on the percentage measures, however it was significantly more expensive. Twitter by far had the highest cost per screening, and did not produce any interview-eligible respondents. 
For comparisons on sample characteristics across sources, we collapsed low frequency sources (Twitter, Bluelight, UIC Announce, Tumblr, and flyer) into one category of “other”. Demographic characteristics of the sample of survey completers by recruitment method are shown in Table 6. Age varied significantly across sources (F = 8.63, P < 0.001); on average, Instagram respondents were significantly younger than Facebook respondents (B = -0.93, P = 0.001) and Craigslist respondents were significantly older (B = 2.0, P = 0.001). Craigslist respondents also were also more likely to be female (relative risk ratio (RRR) = 4.48, P < 0.001), “other” race/ethnicity (RRR = 6.54, P < 0.001), and have higher education (OR = 3.96, P = 0.012). Instagram respondents were also more likely to be of “other” race/ethnicity (RRR = 2.85, P = 0.001) compared to Facebook, and were less likely to have higher education (OR = 0.66, P = 0.027).


Table 5. Sources and cost of subjects screened eligible for telephone interview
	
	Screening complete
	Interview eligible

	Source
	N
	Cost per screening
	N
	Pct of complete
	Cost per subject

	
	
	
	
	
	

	Facebook ad
	263
	$ 1.10
	16
	6%
	$18.03

	Instagram ad
	210
	$ 0.98
	8
	4%
	$24.41

	Snapchat ad
	31
	$ 8.80
	3
	10%
	$90.94

	Twitter ad
	6
	$33.33
	0
	-
	-

	reddit post
	29
	-
	4
	14%
	-

	Craigslist
	32
	-
	4
	13%
	-

	Tumblr post
	1
	-
	1
	-
	-

	Bluelight post
	1
	-
	1
	-
	-

	Link share
	5
	-
	1
	20%
	-

	 Total
	
	
	38
	
	



Table 6. Demographic characteristics of survey completers by recruitment source (N=606)
	 
	Facebook
	Instagram
	Snapchat
	reddit
	Craigslist
	Othera
	Total

	Age (mean)
	21.2
	20.2
	20.8
	21.7
	23.2
	22.9
	21.0

	Gender
	
	
	
	
	
	
	

	% male
	65.8
	55.2
	54.8
	79.6
	31.3
	66.7
	60.9

	% female
	32.3
	43.3
	45.2
	16.3
	68.8
	33.3
	37.5

	% other
	1.9
	1.4
	0
	4.1
	0
	0
	1.7

	Race/ethnicity
	
	
	
	
	
	
	

	% white
	69.7
	62.9
	54.8
	69.4
	43.8
	52.4
	64.5

	% Hispanic
	19.4
	16.7
	32.3
	18.4
	18.8
	23.8
	19.1

	% Black
	4.2
	2.9
	3.2
	0
	9.4
	4.8
	3.6

	% Otherb
	6.8
	17.6
	9.7
	12.2
	28.1
	19.1
	12.7

	Education
	
	
	
	
	
	
	

	% high school or less
	36.1
	46.2
	32.3
	32.7
	12.5
	38.1
	38.0

	% some higher ed.
	45.6
	33.3
	38.7
	30.6
	50.0
	28.6
	39.4

	% college degree
	18.3
	20.5
	29.0
	36.7
	37.5
	33.3
	22.6

	N
	263
	210
	31
	49
	32
	21
	606

	aOther includes Twitter (6), Bluelight (1), UIC Announce (7), Tumblr (1), flyer (1), and direct link share (5).

	bAsian (30), mixed (29), or other/unknown (9)


Survey results
Survey completers (n=606) were 61% male, and 65% non-Hispanic white, with a mean age of 21 (Table 6). Six percent of respondents (n = 34) reported misuse of prescription pain relievers in the past 30 days, and 1% (n = 6) reported recent heroin use. Of the 38 respondents who were eligible for the telephone interview, 26 (68%) indicated that they were interested in learning more about the research study, and 24 provided contact information.  
Telephone interview results
Of 24 subjects with contact information sent to the UIC Survey Research Laboratory over the course of approximately 10 weeks, 17 interviews were completed (71%). The average number of contact attempts for completed interviews was 3.3, and for non-completes was 9.4. One respondent replied by e-mail to say that she was hearing impaired, and could not participate over the phone, so she was given the survey link and completed online. One contacted respondent refused the interview. Of the 17 participants who were interviewed, 14 (82%) confirmed recent opioid use: 4 (24%) reported heroin use in the past 3 months, and 12 (71%) reported misuse of a prescription opioid, including oxycodone/Percocet, hydrocodone/Vicodin, and tramadol. Three respondents did not report any opioid use but did report misuse of other prescription drugs, including stimulants, sedatives, and tranquilizers. Of the 17 completed interviews, 9 came from Facebook, 2 from Instagram, 3 from Craigslist, 2 from Snapchat, and one from a direct link share.
Discussion
Over a period of 3 months, our survey received over 1,000 responses, with 606 completed surveys. In the end, we interviewed 17 people who were identified as current opioid users on the survey, and confirmed current opioid use of 14 respondents (2.3% of survey completers). Most of these respondents were misusing prescription opioids, however we did recruit a few who reported recent heroin use. These respondents could potentially be recruited as seeds for respondent-driven sampling to recruit other young people who use heroin or other illicit opioids. This approach might help to reach more people at an early stage of opioid use.
Of the recruitment strategies examined, Facebook/Instagram advertising appears to be a useful online resource for identifying and recruiting suburban opioid users for research, with a cost of about $20 per subject. Our experience suggests that Instagram ads may be less effective than Facebook ads even though they reach a larger audience, and it may be wise for the investigator to control the distribution rather than allowing Facebook Ads to do this automatically. Craigslist and reddit are slower and require staff time to continually re-post, but may be worthwhile to include as part of a multi-pronged strategy. The other approaches examined were less useful for the recruitment of young adult opioid users residing in suburban areas surrounding Chicago.
While these social media and other electronic recruitment strategies demonstrated considerable promise, they nonetheless come with trade-offs that need to be considered. Most importantly, these approaches are only able to identify convenience samples of the population of interest and thus feature all of the known limitations of non-probability sampling. They are successful, however, in locating useful samples of very narrowly defined populations that random probability methods cannot possibly be expected to locate without time- and cost-prohibitive effort. In recent years, the increased availability of these recruitment tools has provided new opportunities for the study of rare populations that have been traditionally difficult to locate and communicate with.  
Another concern with social media and electronic recruitment strategies is that it risks systematic exclusion of persons less connected to the internet and/or who utilize it less frequently. This would introduce a serious bias if internet use is associated with dependent variables of interest, e.g., opioid misuse. Given the ubiquity of internet use and access at the close of the second decade of the 21st Century (e.g., the Pew Research Center reported that 81% of Americans go online on a daily basis as of early 2019) (Perrin & Kumar, 2019), there is reason to believe that any selection effects associated with internet access and/or use are trending towards being minimal at this period in time. While internet-based recruitment is not likely to reach highly marginalized subgroups such as homeless people, it may be particularly useful for reaching young people early in their substance use trajectory.
Potential respondent decisions to accept a survey invitation in some cases may have been influenced by exposure to our recruitment ads posted across multiple platforms (Guillory et al., 2018). Some platforms also likely exposed potential respondents to ads on multiple occasions. Consequently, it seems that the order in which our various recruitment efforts were fielded may also have influenced participation (Davies & Kotter, 2018). There is unfortunately no way to determine these potential effects within the current study. 
An important advantage of using online survey platforms for recruiting respondents to participate in studies with sensitive topics such as substance misuse is that they may provide respondents with a degree of confidentiality that traditional interviewer-assisted methods do not afford, leading to potentially increased willingness to participate and improved data quality through reduced social desirability bias. These may come at the cost, however, of increased risk that some respondents, motivated by offers of cash incentives to participate, attempt to complete the survey on multiple occasions (Guillory et al., 2018; Perrin & Kumar, 2019; Quach et al., 2013). In our study, no duplicates were found in the e-mail addresses that respondents submitted to participate in the random drawing for Amazon gift cards. It should be noted that there are unfortunately few options for monitoring and addressing this potential problem that do not involve increased risks to respondents of being identified directly or indirectly (Borodovsky, Marsch, & Budney, 2018). 
Evidence from several earlier recruitment studies additionally suggests that social media recruitment may be associated with poor data quality (Guillory et al., 2018; Ibarra, Agas, Lee, Pan, & Buttenheim, 2018; Quach et al., 2013). Of interest in this regard is the finding that the one prior study that has examined prescription opioid medication misuse using respondents recruited from social media ads on Facebook has documented the quality and validity of such data (Lord et al., 2011). In addition, there is some evidence that data quality varies across electronic and social media recruitment methods (Ibarra et al., 2018), and that the effectiveness of these tools for recruitment may also vary across study populations (Sapp, Vogel, Telfair, & Reagan, 2019).
Finally, it is important to note that internet and social media platforms and their functionality continually evolve in response to market demands, often unexpectedly and in ways that could make study replication difficult. These resources nonetheless are increasingly providing opportunities to quickly and efficiently communicate with rare populations that have not been previously available to investigators. Between 2004-2015, for example, more than 100 published studies reported psychosocial, health or medical research that involved subject recruitment using Facebook alone (Thornton et al., 2016). The immediate challenge for researchers now is to learn how to optimize the strengths and minimize the limitations of these new recruitment tools.
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