
Sub-populations of illicit drug users reached by targeted street
outreach and respondent driven sampling strategies:
Implications for research and public health practice

Abby E Rudolph, MPH,
Department of Epidemiology, Johns Hopkins University Bloomberg School of Public Health,
Baltimore, Maryland

Natalie D Crawford, MPH,
Department of Epidemiology, Columbia University Mailman School of Public Health, New York

Carl Latkin, PhD,
Department of Health, Behavior, and Society, Johns Hopkins University Bloomberg School of
Public Health, Baltimore, Maryland

Robert Heimer, PhD,
Center for Interdisciplinary Research on AIDS, Yale School of Public Health, New Haven,
Connecticut

Ebele O Benjamin, MPH,
The Center for Urban Epidemiologic Studies, The New York Academy of Medicine, New York
City, New York

Kandice C Jones, MPH, and
The Center for Urban Epidemiologic Studies, The New York Academy of Medicine, New York
City, New York

Crystal M Fuller, PhD
Department of Epidemiology, Columbia University Mailman School of Public Health, New York;
The Center for Urban Epidemiologic Studies, The New York Academy of Medicine, New York
City, New York

Abstract
Purpose—To determine whether illicit drug users recruited through Respondent-Driven
Sampling (RDS) and targeted street outreach (TSO) differ by comparing two samples recruited
concurrently with respect to sample selection and potential recruitment biases.

Methods—217 heroin, crack, and cocaine users aged 18-40 were recruited through TSO in New
York City (2006-2009). 46 RDS seeds were recruited similarly and concurrently yielding a
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maximum of 14 recruitment waves and 357 peer recruits. Baseline questionnaires ascertained
sociodemographic, drug use, and drug network characteristics. Descriptive statistics and log-
binomial regression were used to compare RDS and TSO samples.

Results—RDS recruits were more likely to be male (prevalence ratio [PR]:1.28), Hispanic (PR:
1.45), black (PR:1.58), older (PR:1.02), homeless (PR:1.19), and crack users (PR:1.37). RDS
recruited fewer injectors (PR:0.35) and heroin users (PR:0.74). Among injectors, RDS recruits
injected less frequently (PR:0.77) and were less likely to use Needle Exchange Programs (PR:
0.35).

Conclusion—These data suggest that RDS and TSO strategies reach different sub-groups of
drug users. Understanding the differing capabilities of each recruitment strategy will enable
researchers and public health practitioners to select an appropriate recruitment tool for future
research and public health practice.
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Generating a representative sample of illicit drug users for substance abuse and HIV
research can be challenging because there is no sampling frame. While convenience,
targeted, snowball and time-location sampling methods are used to recruit this population,
volunteer and masking biases may result from the inability to sample randomly from the
target population. Respondent-Driven Sampling (RDS) aims to reduce these biases with a
modified form of chain-referral sampling that regulates peer recruitment and uses
probability weights to offset nonrandom recruitment.

RDS has recruited geographically(1-3) and demographically diverse samples of injection
drug users (IDUs).(4-9) Like samples recruited with other strategies, respondent-driven
samples include IDUs from both institutional settings and public venues. RDS also recruits
those missed by traditional strategies: those only identified through social networking
approaches or through their participation in activities that define the hidden population.(10)

Studies comparing respondent-driven samples with chain referral(11), targeted(12,13),
traditional outreach(1,2), snowball (14) and time-location samples(3,14,15) have reported
differences in demographic characteristics(1,11,12,14), but not in HIV risk behaviors(11).
Results from comparison studies should be interpreted with caution, because comparison
samples were often recruited over different enrollment periods(14-16) and from different
geographic locations.(17) For example, in a study comparing samples recruited with time-
location sampling (2002), snowball sampling (2002), and RDS (2005) (14), the respondent-
driven sample was considered to be the most representative because it’s social class
structure most closely resembled that of the AIDS cases among men who had sex with men
in Brazil.(14) Sample differences were attributed to differing recruitment strategies, but
changes in the target population over the three years separating the studies were not
considered. Another study attributed differences in HIV seroprevalence estimates from
respondent-driven (2006) and time-location (2003) samples(15) to the recruitment strategy,
but did not discuss the role that temporal trends may have played in the observed
discrepancy.(15) In a third study, the authors concluded that respondent-driven samples
were more generalizable than earlier samples recruited using outreach workers because of a
higher female-to-male ratio of drug users in the respondent-driven sample (2006), but again
the study did not account for temporal or geographic differences between samples.(17)

Other studies compared respondent-driven samples with simulated/theoretical time-location
samples to prove greater representation, but it is unknown how well simulated/theoretical
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samples approximate actual samples.(3) In one study, estimates from RDS and simulated
time-location samples converged but the respondent-driven sample was more diverse(10)
Another study that constructed a time-location sample from an existing respondent-driven
sample reported that RDS recruited a more diverse population, but recommended that future
studies compare samples recruited contemporaneously but with different strategies.(18)
Other studies asserted that RDS recruited hidden populations that were inaccessible through
traditional sampling techniques and claim to have recruited a more representative sample
because the sample distribution reached a point of equilibrium, or the stable composition
that is attained when the sample composition ceases to change between subsequent waves of
respondent-driven recruitment.(7,19,20) However, the validity of RDS population-based
estimates is dependent on several assumptions which are typically not tested.(18,21,22)
Understanding which assumptions are not met can provide information on sample biases.

While these studies suggest that RDS may generate a more representative sample than other
population-based sampling methods (e.g., targeted-street outreach), which are subject to
biases that cannot be mitigated through statistics further research is needed to 1) compare
RDS with other recruitment strategies that take time and geographic location into account
and do not rely on comparisons with theoretical samples, 2) validate RDS in a variety of
settings(16), and 3) identify sub-populations that can be reached with one recruitment tool
but not another. This study compared participants concurrently recruited using RDS and
TSO in order to determine whether illicit drug users recruited through these approaches
differed with respect to demographics, drug use behaviors, HIV status, and drug network
size. While TSO cannot mitigate the biases associated with non-random sampling, the
resulting sample is not merely a convenience sample, because it employs a systematic
approach to sampling when true random sampling is not feasible.(23) RDS has the potential
to account for these biases through a post-stratification process involving weights that
account for differences in recruitment and homophily and variations in network size,
however this correction process is dependent on a series of assumptions which are often not
met.’ Therefore, we also evaluated the RDS assumptions and enumerated the potential
biases of each recruitment approach.

METHODS
The data were collected as part of Social Ties Associated with Risk of Transition into
injection drug use (START), a longitudinal study aiming to identify risk factors for
transitioning into injection drug use among young adult injection and non-injection drug
users (heroin, crack, and cocaine) in New York City (NYC). Non-injection drug users
(NIDUs) were followed prospectively for 18 months and newly initiated IDUs were
evaluated cross-sectionally. NIDUs and IDUs were recruited concurrently through TSO and
RDS between July 2006 and June 2009.

Targeted Street Outreach
As previously described, economically disadvantaged and racially diverse NYC
communities with high rates of HIV infection and overdose mortality were ethnographically
mapped and targeted.(24) Outreach recruitment followed a targeted sampling plan, which
was developed for HIV prevention studies and has been used to recruit those at increased
risk for HIV.(23,25) Of 812 illicit drug users screened, 217 were eligible. Of the 217, 17
were originally approached as RDS seeds but were enrolled as TSO-recruits because they
did not agree to recruit peers (an eligibility requirement for RDS seeds but not peer recruits).
Because bias could have been introduced by including these 17 in the TSO sample due to
differing eligibility criteria (willingness to recruit peers), we conducted a sub-analysis that
compared these 17 individuals with the 200 TSO-recruits; significant differences by race
existed (5 were Hispanic and 12 were black; P=0.02), but not by gender, education, income,
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homelessness, injection status, HIV status, drugs used, the number of drug using networks,
or number of sex partners (data not shown). Thus, including these 17 in the TSO sample will
make the two recruitment approaches more similar on race/ethnicity and will consequently
dilute the association between recruitment approach and race/ethnicity.

RDS
48 seeds were recruited through TSO in Brooklyn, Bronx, Manhattan and Queens (12 from
each borough). Each seed was asked to recruit up to three peers, each of whom were asked
to recruit three additional peers, and so on until recruitment was administratively ended in
June 2009. Of 621 participants screened to participate in the respondent-driven sample, 439
were eligible. Participants were initially interviewed at a Harlem community-based site and
on a mobile van, however those enrolled on the van (and their peer recruits) were removed
from the analysis because the van’s constant relocation made RDS peer referral and follow-
up using the van infeasible. An exception was made for participants recruited on the van
who had access to the community-based site (removing 32 individuals from the analysis). Of
the 407 remaining, two seeds and two peer recruits were dropped due to inconsistent self-
report of drug use (N=403; 46 seeds and 357 peer recruits). Removal of study participants
resulted in the removal of subsequent peer recruits for this analysis.

Eligibility
Eligible START participants were 18-40 years of age (verified with a photo ID) and active
drug users. Eligible IDUs reported injecting heroin, crack or cocaine for ≤4 years and
injecting ≥once in the past 6 months; injection drug use was verified by visible track marks.
NIDUs reported non-injection use of heroin, crack or cocaine for ≥1 year and used heroin,
crack or cocaine 2-3 times per week in the last three months. Self-reported drug use was
verified with rapid drug tests which screened for opiate and cocaine metabolites in urine.
Those with a negative drug test were not eligible and were compensated for round-trip travel
to the research site.

Baseline
Participants provided informed consent and completed a 90-minute interviewer-
administered questionnaire approved by both Columbia University and the New York
Academy of Medicine institutional review boards. This instrument ascertained demographic
and social contextual characteristics, social and behavior characteristics, parental drug use,
depression, conduct disorder, suicidal attempt/ideation and victimization. Participants
received $30 and a round-trip Metrocard for completing the questionnaire.

RDS Procedures
RDS participants received 1) three RDS coupons to recruit drug-using peers to participate in
START, 2) an individual recruitment training (IRT) to emphasize the importance of peer
recruitment and provide recruiting tips, and 3) an invitation to attend up to two group-
facilitated peer recruitment training sessions (RDSTs). Participants speaking only Spanish
received an extended IRT because there were too few Spanish-speaking participants to
conduct RDSTs in Spanish. Those attending RDSTs received $20 and a round-trip
Metrocard after completing a post-session survey that asked about their experiences with
peer recruitment and for feedback regarding the session.

RDS participants received $10 for each eligible peer-recruit (up to 3) and a $10 bonus if 3
eligible peers were recruited. RDS participants recruiting ineligible peers who met the
criteria specified on the recruitment coupon received $5 and a round-trip Metrocard. For
each ineligible recruit, seeds received a new coupon. While seeds were given unlimited
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coupons to recruit 3 eligible peer networks, peer networks were given five attempts to
recruit 3 eligible peers.

RDS coupons had unique 9-digit numbers linking each participant to 1) the seed initiating
the recruitment chain, 2) the individual recruiting him/her, and 3) his/her peer recruits. It
also tracked the number of recruitment waves. RDS participants were encouraged to give
coupons to drug users they knew and not to strangers. Reverse identifiers (e.g., mother’s
maiden name, last 4 digits of social security number, birth date) were also collected to
prevent participants from enrolling multiple times or with false identities. Peer-recruits
presenting without a coupon were asked to provide the study ID or full name of the study
participant who referred him/her before they were screened for eligibility.

Data analysis
Recruitment matrices, homophily indexes, and equilibrium statistics for a set of pre-
specified sociodemographic characteristics were calculated using RDS Analysis Tool
(RDSAT) Version 5.6.(26) Recruitment homophily, or the propensity for people to recruit
others with similar characteristics (e.g. age, gender, race/ethnicity) is measured as an index
ranging from negative one to one and it influences the number of waves that are required to
attain equilibrium.(4,5) It is positive when people are more likely to recruit others with
similar characteristics, negative when individuals are more likely to recruit peers with
different characteristics than themselves, and zero when individuals recruit peers randomly.
(6) Equilibrium distributions were set to fall within 2% of the sample distribution.

Estimated population proportions were obtained by weighting the data based on participants’
recruitment patterns (who recruited whom) and the size of their drug-using network (total
number of people in his/her network who use drugs, including those who he/she does and
does not use drugs with). As several individuals who were recruited by eligible peers and/or
who recruited eligible peers reported zero drug-using network members, self-reported drug-
using network sizes were post-fit to account for misreporting. Thus, the number of self-
reported drug-using network members for those who were recruited by an eligible peer was
corrected to be at least one. Similarly, the corrected number of drug-using network members
for those who were recruited by a peer and who had recruited one, two, or three eligible
peers was corrected so that at least 2, 3, or 4 drug-using network members were reported,
respectively. While the main objective of this procedure was to correct the values for those
reporting zero drug-using network members, it is possible that the corrected values for
others may have been over-estimated by this procedure. Unpublished data from Heimer and
colleagues suggest that the square root of this corrected value provides the least biased
estimate; those with corrected drug-using network sizes of one will remain the same and
those most likely to be inflated will be slightly attenuated.

T-tests and chi-square statistics were used to assess non-random sampling from within
networks and the independence of seeds and recruits (SAS v9.2)(27)(Table 4). RDS- and
TSO-recruited participants were compared using descriptive statistics and log-binomial
regression using SAS v9.2 (27). As this analysis aims to compare the groups of individuals
recruited via RDS and TSO and not the representativeness of the samples recruited, RDS
weights were not applied. Because RDS seeds who did not recruit eligible peers did not
contribute to the final RDS sample, they were excluded from the analysis comparing RDS
and TSO.
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RESULTS
Respondent-driven recruits

Forty-six seeds (28 of whom recruited eligible peers) and a maximum of 14 recruitment
waves produced 357 peer-recruits. Two seeds, each extending ≥13 waves recruited over half
the peer-recruits (n=203). Five seeds (extending ≥6 waves each) recruited 255 individuals
and 311 individuals were recruited by 10 seeds with recruitment waves extending ≥4 waves.
18 seeds did not recruit any eligible peers. The majority of the sample was NIDU (91%),
male 75%, and Black (54%) or Hispanic (37%) with a median age of 34 years (Table 1). The
average number of drug-using network members was 1.52 (post-fit=1.57), 36% had ≥ a high
school degree or GED, 85% had an annual income ≤$10,000, and 10% were HIV positive.
In the past 6 months, 70% were homeless, 47% used heroin, 78% used cocaine, and 84%
used crack (Table 1).

All variables examined reached equilibrium and there were no significant differences
between the RDS-weighted population estimates and sample estimates for any of these
variables (Table 2). There were no major differences in homophily or drug-using network
size by any variables considered and the weights corresponding with each of these
characteristics were low, which explains why the RDS-adjusted population estimates were
not significantly different from the sample compositions.

As seen in Table 3, several RDS assumptions were not met: 1) reciprocal recruitment ties, 2)
random recruitment from within peer networks, 3) accurately self-reported degree weights,
4) independence of seeds and peer recruits (Table 4), random recruitment from within peer
networks, and (Table 4) and 5) one recruit per respondent.

TSO recruits
Among TSO recruits, the median age was 32, the average number of drug-using network
members was 1.28, 62% were male, 36% Hispanic, 43% Black, 34% had ≥ a high school
degree or GED, 81% had an annual income ≤$10,000, 57% were NIDUs, 43% were IDUs,
and 8% were HIV positive. In the past 6 months, 58% were homeless, 68% used heroin,
74% used cocaine, and 72% used crack. Among IDUs, 23% never used needle exchange
programs (NEPs) (Table 5).

Differences by recruitment strategy
Table 5 depicts differences in the RDS and TSO samples. There were significant differences
with respect to gender, race/ethnicity, age, homelessness, injection status, heroin use and
crack use. Compared with TSO-recruits, RDS-recruits were significantly more likely to be
male [Prevalence Ratio ((PR):1.28; [95% Confidence Interval (95%CI):1.10, 1.49)]],
Hispanic (PR:1.45; 95%CI:1.11, 1.88), black (PR:1.58; 95%CI:1.23, 2.03), older (PR:1.02;
95%CI:1.01, 1.03), homeless (PR:1.19; 95%CI:1.04, 1.36), and to use crack (PR:1.37;
95%CI:1.13, 1.67). RDS-recruits were less likely to inject (PR:0.35; 95%CI:0.26, 0.47) and
to use heroin (PR:0.74; 95%CI:0.66, 0.83).

Among IDUs, RDS recruits injected les frequently (PR:0.77; 95%CI:0.72, 0.83) and were
less likely to have ever used NEPs (PR:0.35; 95%CI:0.19, 0.62) than TSO-recruits.

DISCUSSION
RDS and TSO recruited slightly different populations and both had limitations. In this study,
RDS captured more males, racial/ethnic minorities, and individuals who were older,
homeless, and crack users. TSO recruited more IDUs and heroin users. TSO-recruited IDUs
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injected more frequently and were more likely to have used NEPs. Although including the
17 individuals who were originally recruited as RDS seeds in the TSO sample attenuated the
association between race/ethnicity and recruitment approach slightly, the two recruitment
approaches were still significantly different by race/ethnicity. Understanding the differences
in the sub-populations of drug users recruited with these tools has important implications for
both research and practice.

For example, studies that target a higher risk injecting population might benefit more from a
targeted approach, which was better able to capture IDUs who injected frequently and used
NEPs. However, RDS may be more appropriate for studies targeting more mobile or
minority populations of drug users. RDS may also be better for studies planning to enroll
both IDUs and NIDUs and studies that are interested in examining both the injection and
sexual risk behaviors associated with drug use.

Both the RDS and TSO samples were limited in their ability to recruit drug using individuals
who perceived the risks of being involved in a study about drug use to outweigh the
potential benefits (non-response bias). As demonstrated in Table 5, both samples represent a
predominately lower income population. Thus it is likely that neither of these approaches
will generate a sample that accurately represents the entire scope of drug use within a
population. Future studies might consider offering coupons specifically for participants to
recruit more isolated or less connected network members, purposefully selecting a few seeds
from these under-represented groups, or allowing chains to terminate naturally to increase
the probability of reaching these individuals.

Since sensitive information was asked of all participants, it is possible that both samples are
biased by social desirability. However, we did observe a number of high risk behaviors and
the proportions of individuals reporting these behaviors are consistent with previous studies
in this population, which suggests that this bias may be minimal.

RDS also has unique biases that result when model assumptions do not hold. For example,
not all RDS recruits reported knowing their recruiter, which is a violation of the reciprocity
assumption. High homophily, with respect to HIV status suggests that peer recruitment
techniques may work well for recruiting other HIV positives, but that to generate an
unbiased estimate of HIV prevalence in the target population, a large sample size that allows
for many waves of recruitment is required. It is unknown whether the homophily observed
with respect to HIV status can be attributed to knowing other HIV positives through HIV
support groups, or whether it reflects a homophily with respect to high risk sex and injecting
practices. There were also inconsistencies between the characteristics of the population
recruited and those of the theoretical population based on the characteristics of drug-using
network members. However, it is unknown how well the theoretical population
approximates the target population, especially given the large number of ineligible
respondents. Biases may have also been introduced by inaccurate degree weights, as is
suggested by the relatively low estimates compared to other studies in the field. Finally,
even though equilibrium was reached for all of the characteristics examined, there were
some significant differences between seeds and peer recruits.

Future RDS studies should carefully select seeds that represent the diversity of the target
population and should include some members who are often not reached (e.g., wealthier
drug users). Additionally, those using RDS to generate valid HIV prevalence estimates
should consider collecting information on potential biases in order to correct estimates to
more accurately reflect the truth. For example, comparing network attributes with those of
peer recruits can provide information about how the sample misrepresents the source
population and weights can be applied to account for non-random selection. In addition,
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quantifying degree weight biases could be used to adjust the prevalence estimates or to
create a more accurate measure of uncertainty. In our sample, degree estimates were lower
than the number of drug-using network members reported in comparable studies. Some of
these differences may reflect the fact that this analysis was conducted among IDUs and
NIDUs, while the studies conducted by Weeks and colleages (2002) and Latkin and
colleagues (1995) were among IDUs, who may have larger drug-using networks. However,
a study conducted among NIDUs by Pilowsky and colleagues (2007) reported a median total
network size of 5 and a median drug-using network size of 2(14), which is also higher than
what we reported. It is possible that the interviewers did not sufficiently probe for additional
networks or that the duration of the survey led individuals to under-report their social
network size, as a series of questions about each social network member reported followed.
Because RDS assumes that recruitment is proportional to degree size the relative degree size
is more important than the absolute degree size, so it is unknown how much this error in
reporting would bias population estimates. Additional information on how degree estimates
are biased could be used to weight RDS statistics so that more accurate HIV prevalence
estimates can be attained.

Since TSO does not sample randomly from the target populations, it likely results in a
biased sample which potentially lacks external validity. It is commonly understood in
substance abuse and HIV prevention research that TSO is used to target a group of at risk
individuals and that those sampled may not be representative of the target population, but
rather a select group of individuals (typically high risk) who the researchers wish to study

With limitations acknowledged, this is one of few studies that compare recruitment
strategies in a controlled setting and carefully examine the limitations of each. Future studies
are needed to compare RDS with other recruitment tools and in a variety of populations to
better understand when RDS is a more appropriate recruitment approach than others and
when RDS is less likely to produce biased estimates. Since most drug using populations are
connected by social ties created through buying or sharing drugs, RDS has the potential to
reach members of the target population not reached with other sampling strategies.
However, RDS estimators are not unbiased when model assumptions are not met. Thus,
there are some situations where the breakdown of assumptions in RDS could result in a
sample with more biases than other more traditional sampling approaches that assume
random sampling. On the contrary, in terms of recruiting a particular population to target
with public health messages or an intervention, there may be situations where RDS (even if
the assumptions are not entirely met), is more appropriate. More formative work is needed
to understand the population structure of those being targeted for recruitment and
researchers must carefully examine their desired target population and the potential biases of
each recruitment strategy before selecting a recruitment tool.
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IDU Injection Drug User

IQR Interquartile Range

NEP Needle exchange program

NIDU Non-injection Drug User

PR Prevalence Ratio

RDS Respondent Driven Sampling

RDST Respondent Driven Sampling Training

START Social Ties Associated with Risk of Transition into injection drug use

TSO Targeted Street Outreach
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Table 1

Socio-demographic and Drug Use Characteristics of Illicit Drug Users Recruited Through RDS in New York
City, 2006-2009

Study Sample*
(N=357)

N %

Gender

 Male 271 75.1

 Female 85 24.9

Race/Ethnicity

 Hispanic 122 36.5

 Black 199 54.4

 White/Other 36 9.1

Education

 < High School 231 64.3

 ≥ High School 126 35.7

Income

 ≤ 10,000 288 85.2

 > 10,000 50 14.8

Age

 18-27 63 18.2

 28-30 49 14.3

 31-34 70 19.2

 35-36 51 14.5

 37-38 55 17.5

 39-40 69 19.2

Homeless in last 6 months

 No 108 30.2

 Yes 249 69.8

Injection status

 NIDU 331 90.6

 IDU 26 9.4

HIV status

 Negative 302 90.1

 Positive 33 9.9

Heroin use in the past 6 months (with or without
crack/cocaine)

 No 188 53.3

 Yes 165 46.7

Cocaine use in the past 6 months (with or without heroin)

 No 81 22.5

 Yes 274 77.5

Crack use in the past 6 months (with or without heroin)
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Study Sample*
(N=357)

N %

 No 52 15,8

 Yes 304 84.2

Number of drug-using network members (mean, post-fit
mean)

1.52 1.57

Abbreviations: HIV, Human Immunodeficiency Virus; RDS, Respondent Driven Sampling

*
This does not include seeds
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Table 3

Testing RDS assumptions for population estimation, New York City (2006-2009)

Assumption Test of Assumption Conclusions

1) Respondents know one
another as members of the
target population and
recruitment ties are
reciprocal(29).

Participants were asked to describe their
relationship with the person who
recruited
him/her.

Most participants described their recruiter as a friend or
acquaintance (83%); 6% as a relative, 7% as a stranger, and 4%
as other.

2) There is sufficient cross-
over
between subgroups and
networks are dense enough to
sustain a chain referral
process(30).

This assumption could not be tested
because
peer recruitment did not terminate
naturally,
however we did evaluate cross-over
recruitment.

There was a tendency to recruit within-group for all variables
considered, but cross-group recruitment was substantial for
gender (36%), race (39%), income (22%), education (43%), and
homelessness (36%), so chains did not become trapped within a
single group. Cross-group recruitment was low for injection
status (11%) and HIV status (8%). HIV positives comprised 10%
of the sample and recruited other HIV positives 59% of the time.
HIV negatives comprised 90% of the population and recruited
other HIV negatives 97% of the time.

3) Sampling occurs with
replacement(29).

This is not a reasonable assumption for well-connected networks
because many people share the same networks. Thus as
recruitment waves extend, the proportion of networks available
for recruitment (not enrolled or previously screened for eligibility)
decreases, and this assumption is less likely to be valid.

4) Respondents are recruited
from one’s network at
random(29).

T-tests and Chi-square tests were used
to
compare peer-recruit characteristics
with the
characteristics that individuals reported
that
their networks possessed.

Networks and recruits were not significantly different with respect
to race and injection status. There were significant differences
with respect to gender, age, education, crack smoking, and
heroin snorting. Relative to what would be expected if
recruitment reflected the composition of the self-reported
personal networks, males were over-recruited by 20%, high
school educated individuals were underrepresented by 56%,
crack smokers were overrepresented by 11%, and heroin
snorters were overrepresented by 101%. The sample was also
younger than what would have been expected had the sample’s
age distribution reflected the composition of self-reported drug-
using network members.

5) Respondents can accurately
report their personal drug-
using
network size, defined as the
number of relatives, friends,
and
acquaintances who can be
considered members of the
target population(29).

Compare degree estimates to the
number of
drug-using network members reported
in
comparable studies.

Degree estimates, which were based on the number of drug
users that each respondent reported in his/her network are also
likely to be inaccurate. As only 59% of those recruited by their
peers were eligible, the number of self-reported drug-using
network members may be an overestimate. However fewer
drug-using network members were reported in this study than in
other studies among NIDUs(28) and IDUs(31,32). For example,
Weeks and colleagues (2002) reported an average of 4.5 drug
using peers(33) and Latkin and colleagues (1995) reported an
average of 5.22 drug-using network members(32), both of which
are larger than the 1.52 drug-using network members reported
here. Each of these studies also reported more total network
members (including non-drug network members; means: 5.6(33)
and 10.3(32)) than what is reported here (mean=3.33).

6) Each respondent recruits a
single peer(29).

To prevent recruitment chains from
terminating early, most studies break
this
assumption. Instead of allowing each
participant to recruit only one peer,
most RDS
studies allow 3 peer recruits.

Of the 390 RDS participants (including seeds) who were given
peer recruitment coupons (13 participants were not given
coupons), 87 recruited 1 eligible peer (22%), 47 (12%) recruited
2 eligible peers, 61 (16%) recruited 3 eligible peers, and the
remaining did not refer any eligible peers.

7) The composition of those in
the final sample is independent
of those selected as seeds at
equilibrium.

While an ideal test of this assumption
would
evaluate the independence of each seed
and
the respondents comprising its referral
chain,
this was not possible. Instead, t-tests
and chi-
square tests were used to assess the
independence of seeds and peer
recruits.

Seeds and peer recruits were independent with respect to
gender, age, education, crack smoking and heroin snorting.
Compared with recruits, seeds were more likely to be Hispanic
and Black and to inject drugs

Ann Epidemiol. Author manuscript; available in PMC 2012 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rudolph et al. Page 16

Ta
bl

e 
4

Ev
al

ua
tin

g 
Sa

m
pl

in
g 

B
ia

se
s a

nd
 th

e 
In

de
pe

nd
en

ce
 o

f S
ee

ds
 a

nd
 P

ee
r R

ec
ru

its
 in

 a
n 

R
D

S 
Sa

m
pl

e 
of

 Il
lic

it 
D

ru
g 

U
se

rs
 in

 N
ew

 Y
or

k 
C

ity
, 2

00
6-

20
09

Se
ed

s
(n

=4
6)

R
ec

ru
its

(n
=3

57
)

N
et

w
or

ks
(m

ea
n 

nu
m

be
r 

of
dr

ug
-u

si
ng

ne
tw

or
k

m
em

be
rs

=1
.5

2)
N

=5
34

P-
va

lu
e 

fo
r

di
ffe

re
nc

e 
be

tw
ee

n
ne

tw
or

ks
 a

nd
re

cr
ui

ts
 (2

-s
id

ed
)

P-
va

lu
e 

fo
r

in
de

pe
nd

en
ce

 o
f

se
ed

s a
nd

re
cr

ui
ts

 (2
-s

id
ed

)

G
en

de
r

<0
.0

1
0.

11

Fe
m

al
e 

(%
)

34
.8

23
.9

36
.9

M
al

e 
(%

)
65

.2
76

.1
63

.1

R
ac

e/
Et

hn
ic

ity
0.

22
14

0.
01

H
is

pa
ni

c 
(%

)
54

.4
34

.2
29

.4

B
la

ck
 (%

)
43

.5
55

.7
61

.6

W
hi

te
/O

th
er

 (%
)

2.
2

10
.1

9.
1

M
ed

ia
n 

ag
e

33
.5

34
35

<0
.0

1
0.

62

≥
 H

ig
h 

Sc
ho

ol
 (%

)
37

.0
35

.3
62

.6
<0

.0
1

0.
82

In
je

ct
 (%

)
23

.9
7.

3
7.

7
0.

81
<0

.0
1

Sm
ok

e 
cr

ac
k 

(%
)

76
.1

85
.4

77
.1

<0
.0

1
0.

10

Sn
or

t h
er

oi
n 

(%
)

50
.0

43
.8

21
.8

<0
.0

1
0.

43

A
bb

re
vi

at
io

ns
: R

es
po

nd
en

t D
riv

en
 S

am
pl

in
g 

(R
D

S)

Ann Epidemiol. Author manuscript; available in PMC 2012 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rudolph et al. Page 17

Ta
bl

e 
5

Sa
m

pl
in

g 
D

iff
er

en
ce

s b
y 

R
ec

ru
itm

en
t S

tra
te

gy
., 

N
ew

 Y
or

k 
C

ity
 (2

00
6-

20
09

)

T
ar

ge
te

d
St

re
et

O
ut

re
ac

h
N

=2
17

R
D

S
(p

ro
du

ct
iv

e
se

ed
s a

nd
pe

er
 r

ec
ru

its
)

N
=3

85

R
D

S 
(p

ro
du

ct
iv

e
se

ed
s a

nd
 p

ee
r

re
cr

ui
ts

) v
s.

T
ar

ge
te

d 
St

re
et

O
ut

re
ac

h

n
%

n
%

P-
va

lu
e

(2
-s

id
ed

)
PR

95
%

C
I

G
en

de
r

<0
.0

1

 
Fe

m
al

e
82

38
.3

95
24

.7
R

ef
R

ef

 
M

al
e

13
2

61
.7

28
9

75
.3

1.
28

1.
10

, 1
.4

9

R
ac

e/
Et

hn
ic

ity
<0

.0
1

 
H

is
pa

ni
c

77
35

.5
13

5
35

.1
1.

45
1.

11
, 1

.8
8

 
B

la
ck

93
42

.9
21

3
55

.3
1.

58
1.

23
, 2

.0
3

 
W

hi
te

/O
th

er
47

21
.7

37
9.

6
R

ef
R

ef

Ed
uc

at
io

n
0.

66

 
< 

H
ig

h 
Sc

ho
ol

14
3

66
.2

24
8

64
.4

R
ef

R
ef

 
≥

 H
ig

h 
Sc

ho
ol

73
33

.8
13

7
35

.6
1.

03
0.

91
, 1

.1
6

In
co

m
e

0.
20

 
≤ 

10
,0

00
16

7
81

.1
31

0
85

.2
R

ef
R

ef

 
> 

10
,0

00
39

18
.9

54
14

.8
0.

89
0.

74
, 1

.0
7

A
ge

 (m
ed

ia
n,

 IQ
R

)
32

27
-3

7
34

29
-3

8
<0

.0
1

1.
02

1.
01

-1
.0

3

H
om

el
es

s i
n 

la
st

 6
 m

on
th

s
<0

.0
1

 
N

o
92

42
.4

12
2

31
.7

R
ef

R
ef

 
Y

es
12

5
57

.6
26

3
68

.3
1.

19
1.

04
, 1

.3
6

In
je

ct
io

n 
st

at
us

<0
.0

1

 
N

ID
U

12
4

57
.1

35
3

91
.7

R
ef

R
ef

 
ID

U
93

42
.9

32
8.

3
0.

35
0.

26
, 0

.4
7

H
IV

 st
at

us
0.

27

 
N

eg
at

iv
e

18
5

92
.5

32
1

89
.7

R
ef

R
ef

 
Po

si
tiv

e
15

7.
5

37
10

.3
1.

12
0.

93
, 1

.3
5

H
er

oi
n 

us
e 

in
 th

e 
pa

st
 6

 m
on

th
s

<0
.0

1

Ann Epidemiol. Author manuscript; available in PMC 2012 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rudolph et al. Page 18

T
ar

ge
te

d
St

re
et

O
ut

re
ac

h
N

=2
17

R
D

S
(p

ro
du

ct
iv

e
se

ed
s a

nd
pe

er
 r

ec
ru

its
)

N
=3

85

R
D

S 
(p

ro
du

ct
iv

e
se

ed
s a

nd
 p

ee
r

re
cr

ui
ts

) v
s.

T
ar

ge
te

d 
St

re
et

O
ut

re
ac

h

n
%

n
%

P-
va

lu
e

(2
-s

id
ed

)
PR

95
%

C
I

 
N

o
69

31
.8

20
0

52
.5

R
ef

R
ef

 
Y

es
14

8
68

.2
18

1
47

.5
0.

74
0.

66
, 0

.8
3

C
oc

ai
ne

 u
se

 in
 th

e 
pa

st
 6

 m
on

th
s

0.
47

 
N

o
55

25
.6

88
23

.0
R

ef
R

ef

 
Y

es
16

0
74

.4
29

5
77

.0
1.

05
0.

91
, 1

.2
2

C
ra

ck
 u

se
 in

 th
e 

pa
st

 6
 m

on
th

s
<0

.0
1

 
N

o
61

28
.1

59
15

,4
R

ef
R

ef

 
Y

es
15

6
71

.9
32

5
84

.6
1.

37
1.

13
, 1

.6
7

N
um

be
r o

f p
eo

pl
e 

us
e 

dr
ug

s w
ith

0.
14

 
N

on
e

87
40

.9
13

1
34

.0
R

ef
R

ef

≥
 1

13
0

59
.2

25
4

66
.0

1.
10

0.
97

, 1
.2

5

N
um

be
r o

f p
eo

pl
e 

in
 n

et
w

or
k 

w
ho

us
e 

dr
ug

s

 
N

on
e

74
34

.3
10

3
26

.8
0.

05
R

ef
R

ef

 
≥

 1
14

2
65

.7
28

2
73

.3
1.

14
0.

99
, 1

.3
2

ID
U

s o
nl

y

Ev
er

 u
se

d 
ne

ed
le

 e
xc

ha
ng

e
pr

og
ra

m
<0

.0
1

 
N

o
21

22
.8

19
57

.6
R

ef
R

ef

 
Y

es
71

77
.2

14
42

.4
0.

35
0.

19
, 0

.6
2

In
je

ct
io

n 
fr

eq
ue

nc
y 

(M
ed

ia
n,

 IQ
R

)1
6

4-
6

4
1-

6
<0

.0
1

0.
77

0.
72

-0
.8

3

A
bb

re
vi

at
io

ns
: C

I, 
C

on
fid

en
ce

 In
te

rv
al

; I
D

U
, I

nj
ec

tio
n 

D
ru

g 
U

se
r; 

N
ID

U
, N

on
-in

je
ct

io
n 

D
ru

g 
U

se
r; 

R
D

S,
 R

es
po

nd
en

t D
riv

en
 S

am
pl

in
g;

 IQ
R

, I
nt

er
qu

ar
til

e 
R

an
ge

1 0=
ne

ve
r, 

1=
on

ce
 a

 m
on

th
 o

r l
es

s, 
2=

2-
3 

da
ys

/m
on

th
, 3

=o
nc

e/
m

on
th

, 4
=2

-3
 d

ay
s/

w
ee

k,
 5

=4
-6

 d
ay

s/
w

ee
k,

 6
=e

ve
ry

da
y

Ann Epidemiol. Author manuscript; available in PMC 2012 April 1.


