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ABSTRACT Aims While studies of the social networks of injection drug users (IDUs) have provided insight into how the structures of interpersonal relationships among IDUs affect HIV risk behaviors, the majority of these studies have been crosssectional. The present study examined the dynamics of IDUs’ social networks and HIV risk behaviors over time. Design Using data from a longitudinal HIV-intervention study conducted in Baltimore, MD, this study assessed changes in the composition of the personal networks of 409 IDUs. We used a multi-nomial logistic regression analysis to assess the association between changes in network composition and simultaneous changes in levels of injection HIV risk behaviors. Using the regression parameters generated by the multi-nomial model, we estimated the predicted probability of being in each of four HIV risk behavior change groups. Findings Compared to the base case, individuals who reported an entirely new set of drug-using network contacts at follow-up were more than three times as likely to be in the increasing risk group. In contrast, reporting all new non-drug-using contacts at follow-up increased the likelihood of being in the stable low-risk group by almost 50% and decreased the probability of being in the consistently high-risk group by more than 70%. Conclusions The findings from this study show that, over and above IDUs’ baseline characteristics, changes in their personal networks are associated with changes in individuals’ risky injection behaviors. They also suggest that interventions aimed at reducing HIV risk among IDUs might benefit from increasing RESEARCH REPORT IDUs’ social contacts with individuals who are not drug users. Keywords
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INTRODUCTION In the United States, injection drug use is the third leading risk factor for HIV infection. In the state of Maryland, however, injection drug use has been the primary mode of transmission of HIV since 1991. According to the Maryland AIDS Administration, 59% of prevalent HIV cases reported in Baltimore City to December of 2003 were attributable to injection drug use (AIDS Administration Maryland Department of Health and Mental Hygiene 2004). Sharing syringes for injection drugs is a wellknown route of HIV transmission. In addition, several ‘syringe mediated’ or indirect sharing behaviors have been identified that place injection drug users (IDUs) at risk of HIV transmission (Jose et al. 1993; Grund et al. 1996; Koester 1996; Needle et al. 1998). These behaviors include using one individual’s syringe to measure and dis-



tribute drug solution shares to other individuals (referred to as backloading or frontloading), rinsing a used syringe in water in which others have previously placed used syringes for mixing and rinsing, drawing drug shares from a common cooker where the drug is prepared and shared use of a filter used to draw up the drug solution. The identification of sharing behavior as central to HIV transmission among IDUs brings the social context of intravenous drug use to the forefront. Studies that have examined IDUs’ social networks have been helpful in this regard. Social networks have been defined as ‘those people with whom there are social interactions in which members are, at least potentially, mutually oriented to one another and may influence each others’ behavior’ (Jose et al. 1993). Recently there has been interest in characterizing quantitatively the effects of social networks on behaviors.
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Quantitative social network studies among IDU populations have found associations between network structural characteristics such as size and density (the number of network members divided by the number of potential ties among members) and reported injection sharing behaviors. For instance, in a study of IDUs recruited from the streets of Baltimore, Maryland, Latkin and colleagues found that the size of the drug subnetwork (number of individuals the study participant reported ‘doing drugs with’ in the 6 months prior to being interviewed) and personal network density were associated significantly with greater frequency of injecting drugs (Latkin et al. 1995a). In addition, IDUs with denser and larger personal networks were more likely to share syringes and those with smaller material aid networks (relationships with individuals who would provide them with economic assistance) and larger positive feedback networks (more and closer relationships with other IDUs) were more likely to inject at shooting galleries (Latkin et al. 1995b). One limitation of the majority of quantitative social network studies to date is that they are cross-sectional and characterize networks as static or non-changing entities. Evidence from the epidemiological and ethnographic research, however, indicates that social relationships among many IDUs are likely to be transient and short term (Curtis et al. 1995; Neaigus et al. 1995; Hoffmann, Su & Pach 1997; Rothenberg et al. 1998; Valente & Vlahov 2001). One study of a cohort of individuals at high risk for HIV found that the names of individuals identified as drug-using partners changed significantly more over time than the names of individuals identified as sexual partners or friends (Rothenberg et al. 1998). Unstable or changing relationships in IDU networks have several implications for both the spread and prevention of HIV (Kretzschmar & Morris 1996; Laumann & Youm 1999). A study comparing HIV-related risk behaviors across 22 communities of IDUs with low, moderate and high seroprevalence rates found that risky injection and sexrelated behaviors were reported at significantly higher rates in the low seroprevalence communities (Deren et al. 2001). The researchers concluded that IDUs were adjusting their level of risk behavior in response to the level of HIV seroprevalence in the community. An alternative explanation may be that the transmission of HIV in these communities is affected largely not only by the frequency with which IDUs are sharing injection equipment but also by the selectivity and stability of the social relationships within which sharing occurs. IDUs in the high seroprevalence communities may be sharing injection equipment on only an infrequent basis but may not be being selective about with whom they share. If they are sharing over time with a succession of individuals whose HIV status is unknown to them, this may be contributing to the more rapid spread of HIV in those communities.



In addition to offering protection through continuation with the same risk partners whose HIV status is known (i.e. making it less likely that an IDU shares with an infected person), stability of networks also may promote protective behavior, possibly through the establishment of behavioral norms. In one study, for example (Hoffmann et al. 1997), a higher proportion of new members entering a personal network in the 3-month interval was associated with a significant increase in the odds of sharing needles in the absence of bleach cleaning or sharing cookers, cottons, rinse water or front/backloading. To date relatively little is known about how IDUs’ social networks change over time, and consequently how changes in these relationships affect risk-taking behaviors and the establishment of behavioral norms. Using data from three waves of a longitudinal study of IDUs recruited in Baltimore City, the goal of the present study was to examine the association between changes in network characteristics and changes in IDUs’ injection HIV risk behaviors over time.



DATA AND METHODS Survey respondents The data used in this analysis come from three waves of the SHIELD (Self-Help In Eliminating Life-threatening Diseases) HIV intervention study (Latkin, Sherman & Knowlton 2003). The aim of the SHIELD study was to examine empirically social processes and their relationship to HIV risk behaviors. Recruitment areas in Baltimore City were identified through ethnographic observations, focus groups and geocodes (i.e. geographic coordinates corresponding to a street address) of the locations of all the drug-related arrests in Baltimore in a 3-year period. Criteria for inclusion in the study were: being 18 years of age or older; having weekly contact with drug users; and a willingness to conduct network education and to bring in members of one’s social network for a baseline interview. The demographics of Baltimore’s AIDS cases and previous research among Baltimore’s illicit drug users indicate that the SHIELD study is representative of the population of illicit drug users in Baltimore. The sample was primarily low-income, unemployed and African American, consistent with previous research among Baltimore IDUs (Mandell et al. 1994; Latkin 1995). Baseline data collection, referred to as the T1 interviews, occurred from June 1997 to February 1999; 1637 individuals were interviewed. At the respondent’s baseline interview, study staff gave each participant information cards to give to as many as five members of her or his social network in order to recruit additional individuals into the study. Study staff asked respondents to bring in
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individuals with whom they had used drugs or had sex within the 6 months prior to the interview. The payment for the baseline interview was $20 with additional payments for bringing in network members who completed a baseline interview. Trained interviewers administered the approximately 90-minute survey to study participants in a private setting. Insufficient funding required reduction of the followup sample. For this reason the investigators prioritized participants based on individuals’ intervention status and whether they had brought in a network member to be interviewed. Seventy-eight per cent of the individuals selected for the first follow-up, the T2 interview, were located and interviewed again. At the second follow-up interview, the T3 interview, 72% of those interviewed at T2 were relocated and re-interviewed. Given the time-consuming nature of locating and enrolling a hidden population such as IDUs, the baseline and follow-up surveys occurred over variable periods of time. The T1 interviews continued for 29 months, the T2 interviews continued for 37 months and the T3 interviews continued for 24 months. The average interval between the T1 and T2 interviews was 10 months [standard deviation (SD) = 6 months]. The average interval between the T1 and T3 interviews was 3.5 years (SD = 9 months) and the average interval between the T2 and the T3 interviews was 2.5 years (SD = 8 months). Because the present analysis focused on injection risk behaviors over time, we restricted the population to 409 individuals who injected any drug in the 6 months prior to their T1 interview or at any point during the course of the study, who came in for at least one follow-up interview and who provided information about their network contacts at both interviews. Injection drug use characteristics of the sample The 409 individuals who comprised the current sample are a group of relatively established injectors. Although there was a broad range of experience with injecting drugs from less than 1 year to as many as 44 years, more than three-quarters of participants had been injecting for 10 years or more at the T1 interview. The majority of respondents injected cocaine or speedball (heroin mixed with cocaine or amphetamine) in addition to heroin (82%) and more than three-quarters injected drugs at least once a day (76%). Nearly twice as many respondents admitted to having shared drug equipment over the past 6 months (80%) than to having shared injection syringes over the past 6 months (40%). Network contacts Study staff delineated the personal networks of survey respondents at all three times using the same method. The study instrument used 17 different name generator
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questions to elicit names of people with whom the survey respondent socializes, has sex, does drugs and/or calls upon for material and emotional support (Latkin et al. 2003). Using this method, the maximum number of network members that a respondent named at baseline was 24, the minimum was 2 and the average was 9. For each network contact mentioned at T1 and T2, participants provided first names and the first letter of last names. The T3 interview required that respondents also specify each network contact’s full last name and any pseudonyms or nicknames. Once the list of names was completed, participants provided information about each network member such as age, gender, employment status and relationship type. Participants also described each network member’s drug-using practices. The final question in the network inventory was a request that survey respondents indicate which of their network members were friends with one another (density). At each follow-up survey a coder examined network names to determine if they corresponded to a person that had been mentioned previously, referred to as a ‘match’. Matches were made using name, age, gender and type of relationship (e.g. friend, spouse, etc.). One individual coded all the matches but a second reviewer re-coded a random 5% sample of the matches independently. The exact agreement between the two coders was 93% and the kappa coefficient of agreement between their matches was 85%. The coder gave each match a score from 1 to 3 to indicate the level of certainty with which the match was made. For this analysis, we used only matches designated with certainty codes of 1, ‘almost definitely the same person’, and 2, ‘highly likely to be the same person. Measurement of individual characteristics and network properties Because network characteristics are confounded with individual characteristics we controlled for indicators of socio-economic and mental health status, participation in the intervention, history of incarceration, drug use and drug treatment (Kang & De Leon 1993; Latkin et al. 1994; Mandell et al. 1999; Reynolds et al. 2000; Celentano et al. 2001; Stein et al. 2003). We also looked at indicators of survey respondents’ gender and age, as these characteristics have been found to have significant associations with changes in network membership over time (Fischer & Oliker 1983; Hoffmann et al. 1997; Ruan et al. 1997). Study participants reported the highest grade of school that they had completed. We created a dichotomous indicator of educational level (did not finish high school versus completed a high school degree or beyond). We considered study participants to have been homeless in the past 6 months if they reported being homeless or they described their current living situation as a ‘shelter’ or ‘on the streets, homeless’.
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Study participants reported the age at which they first injected drugs, their attendance at any drug treatment program in the last 30 days and whether they had spent any time in prison during the past 6 months. Interviewers assessed participants’ depressive symptoms at the time of interview using the Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff 1977). We regarded respondents with a score of 20 or higher on the CES-D to be depressed. We calculated two network measures that have been shown to have an effect on risk behaviors in other network studies of IDUs (Latkin et al. 1995a,b): network density and the percentage of drug users in the personal network. In addition to these cross-sectional network measures, which are measured as of the baseline interview, we were also interested in assessing the association between changes in network composition and changes in risk behavior. We adapted the measures of network turnover developed by Hoffman et al. (1997). They developed two separate indicators for movement into and out of the network over time, turnover-in and turnover-out, reasoning that ‘members moving into a network might have different implications than members moving out of a network’ (p. 45). We further divided the counts of turnover-in and turnover-out into turnover-in and turnover-out of the drug and non-drug networks, respectively. We were interested in capturing the proportion of movement relative to the total size of the network summed between baseline and follow-up. Therefore, the resulting turnover indices ranged between 0 (no turnover) and 1 (complete turnover). Injection risk scale The measure of injection behavioral risk used in this analysis was a four-level scale with each level denoting increasing probability of exposure to HIV as a result of risky injection practices. The scale was adapted from behavioral risk scales used in other cohort studies of HIV seroprevalence among injection drug users (Celentano et al. 2001; Vanichseni et al. 2001). Study participants who reported no instances of injecting drugs in the 6 months prior to the interview were assigned the lowest risk level categorization, level 1 or no risk. Study participants who reported injecting drugs in the past 6 months but reported no sharing needles or indirect sharing behaviors during this time were assigned a risk level of 2. Study participants who reported indirect sharing behaviors in the past 6 months but no instances of sharing syringes were assigned a risk level of 3. Indirect sharing behaviors that we assessed included sharing cookers, cotton and rinse water and using a dirty or used syringe to divide or distribute drugs. The highest risk level designation, level 4, was given to study partici-



pants who reported any instances of using needles that they were not sure were clean or sharing needles, defined as using a needle immediately after someone else. We classified study participants into the following four mutually exclusive outcome groups based on their pattern of injection risk behavior across subsequent interviews. 1 Stable low risk. Study participants with baseline values of 1 or 2 on the risk scale who remained at levels 1 or 2 at their follow-up interview. 2 Decreasing risk. Study participants whose risk level categorization decreased between their baseline and follow-up interviews. 3 Increasing risk. Study participants whose risk level categorization increased between their baseline and follow-up interviews. 4 Consistently high-risk. Survey respondents with baseline values of 3 or 4 on the risk scale who remained at levels 3 or 4 at their follow-up interview. A cross-tabulation of injection risk level categories at baseline and follow-up for each observation revealed that in this study sample the largest numbers of observations were individuals who were in the same risk-level category at both baseline and follow-up. Of those who changed injection behavior classifications over time there was a predominance of risk reduction over risk increase in this population. Analyses Because our HIV injection risk change variable had four possible levels, we used a multinomial logistic regression model to assess the associations between our predictors and change in risk. In our multivariate model, we included all covariates for which the bivariate χ2 test of association with risk change was significantly different from zero at the P < 0.20 level. Our multivariate models included only individual-level covariates and baseline network characteristics. The second included individual and baseline network characteristics as well as dynamic network measures. We compared the different models by examining the difference in their deviance. This difference is distributed as χ2 with degrees of freedom equal to the difference in the number of predictors in each model (Powers & Xie 2000). Using the regression parameters generated by this final model, we estimated the predicted probability of being in each of the four injection HIV risk behavior change groups. Although there were only 409 individuals in our analysis subsample, 53% of the 409 individuals in the sample were re-interviewed at both T2 and T3 and were therefore allowed to contribute more than one observation in the analysis. For these individuals we analyzed their injection risk behavior and concurrent network
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changes between T1 and T2 and between T2 and T3, treating these as two separate observations. We used the robust cluster estimator to account for the correlation within individuals with more than one observation (White 1982; Royall 1986). All analyses were performed using Stata statistical software (StatCorp 2003).
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RESULTS Bivariate relationships Table 1 displays the associations between network and individual-level characteristics and injection HIV risk behavior groups. Based on the tabulations in Table 1, the multivariate model included: percentage of drug



Table 1 Percentage of observations within each change group by network and individual characteristics ( n = 624). Change group Stable low n



Decreasing risk %



Increasing risk %



Percentage of drug users in the network Less than 30% 30–42% 43–56% More than 56%



165 149 154 156



27 15 19 16



30 30 27 32



Network density Less than 25% 25–32% 33–43% More than 43%



153 145 177 149



17 18 19 24



Percentage turnover-in to the drug network Zero 1–17% 18–39% More than 39%



230 79 158 157



Percentage turnover-out of the drug network Less than 12% 12–33% 34–60% More than 60%



Consistently high %



%



Univariate P-valuea



7 6 6 6



36 50 47 46



0.167



31 26 30 31



7 6 8 5



45 50 44 40



0.715



30 11 12 16



38 34 20 24



3 8 4 12



29 47 63 48



0.000



163 162 126 173



25 10 17 24



65 23 28 40



6 7 10 3



43 59 45 32



0.000



Percentage turnover-in to the non-drug network Less than 14% 14–26% 27–41% More than 41%



147 141 169 167



16 22 16 24



25 25 32 36



8 6 4 8



52 47 49 32



0.014



Percentage turnover-out of the non-drug network Less than 11% 11–22% 23–38% More than 38%



145 161 163 155



21 17 18 21



28 33 26 32



7 7 7 5



45 43 48 42



0.923



Unemployed at time of interview Yes No



513 111



19 23



31 24



6 9



45 44



0.334



Depressed at time of interview Yes No



293 331



15 23



29 31



5 8



51 39



0.006



Incarcerated past 6 months Yes No



103 521



20 19



32 29



6 7



42 45



0.900



Homeless past 6 months Yes No



87 537



21 18



26 33



4 9



48 41



0.884
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Table 1 Cont. Change group



Education completed Less than high school High school/GED or more



Stable low n



Decreasing risk %



Increasing risk %



325 299



21 18



26 33



Consistently high %



%



Univariate P-valuea



4 9



48 41



0.019



Intervention participation Yes No Sex Male Female



381 243



18 21



28 32



6 7



48 40



0.319



402 222



19 20



29 30



6 8



46 42



0.734



Age (years) 18–28 29–35 36–44 More than 44



154 171 168 131



29 16 18 13



29 30 29 31



6 6 7 8



36 48 46 48



0.086



Tried but unable to get into a drug treatment program during past year Yes No



255 369



16 21



30 30



7 6



47 43



0.455



In a drug treatment program past 30 days Yes No



235 389



17 21



31 29



6 6



46 44



0.815



Years of injection drug use prior to enrollment Less than 10 10–18 19–27 More than 27



140 169 165 150



23 24 13 17



32 27 29 31



5 7 9 4



40 41 48 48



0.170



Univariate P-value obtained from χ2 test.



a



users in the network, turnover-in to the drug network, turnover-out of the drug network, turnover-in to the non-drug network, respondent age and educational level, depression and number of years injecting drugs. Multinomial logistic regression coefficients Table 2 presents the multinomial logistic regression coefficients for selected contrasts from the final model. Our baseline model included only individual and baseline network characteristics. We used the deviance of this baseline model to assess improvements in fit due to the inclusion of new variables. Our final model significantly improved the fit relative to the baseline (improvement χ2(9) = 79, P = 0.001). Table 2 presents four of six possible contrasts, those that we believed were the most informative from the perspective of HIV prevention as they demonstrated movement out of a high- or increasing-risk group into a low- or



decreasing-risk group. All three of our dynamic network variables were significant predictors of injection risk behavior outcome in more than one model. Calculated predicted probabilities Because multinomial logistic regression estimates are difficult to interpret directly, we estimated a corresponding series of predicted probabilities which are presented in Table 3. Specifically, we present here the probabilities associated with changes occurring only in the networklevel variables and for illustrative purposes the most extreme examples of change (i.e. changing from all drugusers in the network to no drug users in the network), as this provides us with the upper and lower bounds of change. Our base case was an individual with modal values for each of the categorical variables and mean values for each of the continuous covariates. In this sample, the base case was an individual who was aged 41 years, had
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Table 2 Multinomial logistic coefficients for the multivariate model of injection HIV risk behavior change group over time.



Constant Network characteristics Turnover-in drug network Turnover-out drug network Turnover-in non-drug network Percentage drug users Individual characteristics Age Completed less than high school education Depressed at time of interview Number of years injecting



High to low



Increasing to low



High to decreasing



−1.46



−4.15**



−0.05



−2.75†



1.61** −1.21** −2.56*** 3.61***



3.01** −0.37 −1.53 3.29**



1.45** −1.53** −2.35** 2.43***



2.85** −0.69* −1.31 2.11*



0.02 0.01 0.80** 0.02



0.04 −0.77† 0.14 −0.01



–0.01 0.39† 0.45* 0.02



0.01 −0.39 −0.21 −0.01



Total model characteristics Log-likelihood Model χ2 df Number of observations †



Increasing to decreasing



−699.82 90.09 24 624



P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001.



Table 3 Predicted probabilities of classification into each HIV risk behavior change group by network characteristics. a Change group



1 Base caseb Changes in dynamic network characteristics 2 Zero turnover-in drug network 3 100% turnover-in drug network 4 Zero turnover-out drug network 5 100% turnover-out drug network 6 Zero turnover-in non-drug network 7 100% turnover-in non-drug network 8 Zero turnover-in drug and non-drug network and zero turnover-out drug network 9 100% turnover-in drug and non-drug network and 100% turnover-out drug network Changes in baseline network characteristics 10 Zero drug users in the network 11 All drug users in the network



Stable low



Decreasing risk



Increasing risk



Consistently high



0.29



0.25



0.05



0.42



0.33 0.13 0.20 0.42 0.20 0.43 0.17



0.30 0.10 0.20 0.29 0.17 0.43 0.17



0.03 0.19 0.05 0.05 0.05 0.03 0.03



0.34 0.58 0.55 0.24 0.58 0.12 0.63



0.41



0.30



0.16



0.13



0.33 0.13



0.48 0.06



0.02 0.07



0.17 0.74



a When comparing differences in these numbers some discrepancies might arise as a result of the fact that these numbers are rounded to two decimal places. bEvaluated by using the modal values for all categorical variables and mean values for all continuous covariates in the model.



completed less than a high school education, was not depressed at the time of interview had been injecting drugs for 19 years and had mean values for each of the other continuous network covariates. The probabilities of being in each of the four risk change categories for the base case are in row 1 of Table 3. The base case in this sample population was most likely to be in the consistently high-risk group (0.42) and least likely to be in the increasing-risk group (0.05).



Comparison of row 1 to rows 2–7 indicates the impact of network turnover or changes in network membership over time on an individual’s likelihood of being in each of the risk injection categories. Rows 2 and 3 show that the probability of decreasing one’s injection risk behavior or remaining at a stable low level of injection risk increased when there was less turnover-in to the drug network. By contrast, the probability of increasing one’s injection risk behavior or remaining at a consistently high level of
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injection risk behavior increased when there was more turnover-in to the drug network. In row 2 we see that having no new drug contacts at follow-up (i.e. zero turnover-in to the drug network) increased the likelihood of being in the stable low-risk group and the decreasing-risk group, approximately 14% (0.33/0.29) and 20% (0.30/0.25), respectively, and reduced the likelihood of being in the increasing-risk and consistently high-risk groups, approximately 40% [1 − (0.03/0.05)] and 19% [1 − (0.34/0.42)], respectively. In row 3 we see the opposite. If all an individual’s drug network contacts were new contacts at follow-up, the likelihood of being in the increasing injection-risk behavior group over time increased more than threefold (0.19/0.05) and the likelihood of being in the consistently high-risk group was more than 1.3 times higher (0.58/0.42), while the likelihood of being in the stable low- or decreasing-risk groups was reduced by 55% [1 − (0.13/0.29)] and 60% [1 − (0.10/0.25)], respectively. Comparison of rows 4 and 5 to rows 2 and 3 shows that the movement of drug-using contacts out of the network over time (i.e. drug network turnover-out) had an opposite effect on the probabilities of being in each of the injection risk behavior groups than the movement of new drug-using contacts in to the network over time (i.e. drug network turnover-in). For instance, in row 5 movement of all drug associates out of the network (i.e. 100% turnover-out) increased the probability of being in the decreasing-risk group by approximately 16% (0.29/ 0.25) and in row 2 zero turnover-in to the drug network increased the probability of being in the decreasing-risk group by approximately 20% (0.30/0.25). In rows 6 and 7 the contrasting probabilities demonstrate the impact on injection risk behavior of gaining new network members who are not drug users. The complete absence of non-drug-using contacts entering the network over time decreased the probability of being in the stable low-risk group and of being in the decreasingrisk group by about 31% [1 − (0.20/0.29)] and 32% [1 − (0.17/0.25)], respectively, and increased the probability of being in the consistently high-risk group by as much as 38% (0.58/0.42), although it did not have an impact on the probability of being in the decreasing-risk group. In contrast, reporting all new non-drug-using contacts at follow-up increased the likelihood of being in the stable low-risk group and the decreasing-risk group by about 48% (0.43/0.29) and 72% (0.43/0.25), respectively, and decreased the probability of being in the increasing-risk group and the consistently high-risk group by about 40% [1 − (0.03/0.05)] and 71% [1 − (0.12/0.42)], respectively. Comparison of rows 4, 5, 6 and 7 reveal that turnoverin to the non-drug network (i.e. the addition of new network contacts who were not identified as drug-using



contacts) had an effect on the predicted probabilities of being in each of the four risk-level groups similar to turnover-out of the drug network, although differences in magnitude were measured. Because average overall network size in this study population changed relatively little over time (from nine to eight individuals), as turnover-out of the network of drug-using contacts increased, turnover-in to the network of non-drug-using contacts also increased. In rows 8 and 9 we provide contrasting probabilities to demonstrate the impact of staying with the all the same network contacts over time versus changing all one’s network contacts over time. The complete absence of new contacts entering the network over time increased the probability of being in the consistently high-risk group by 50% (0.63/0.42) and decreased the probability of being in all other risk groups by between 30 and 40% [(1 − (0.17/0.29)] [− (0.17/0.25)] and [1 − (0.03/0.05)]. In contrast, complete turnover of an individual’s network contacts decreased the probability of being in the consistently high-risk group by almost 70% [1 − (0.13/0.42)] and increased the probability of being in all the other risk groups. In particular, the likelihood of being in the increasing-risk group was more than three times higher (0.16/0.05).



DISCUSSION The findings from this analysis demonstrate that the likelihood of behavior change due to network factors is not captured fully in a snapshot of the network at one timepoint. We have shown that changes occurring over time in personal network membership have an important impact on whether individuals increase, decrease or maintain their level of risky injection behaviors, net of individual characteristics. We have also shown that network turnover cannot be categorized as either a uniformly negative or positive influence on injectors’ behaviors. In our study sample, network turnover-in made it more likely that an injector engaged in the highest levels of injection risk behavior (i.e. sharing injection equipment and needles), if the new network contacts were also drug users. Yet network turnover-in decreased an injector’s likelihood of engaging in high-level injection risk behaviors if the new network contacts were not drug users. Network turnover-out also contributed to a decrease in the likelihood of engaging in high-level injection risk behaviors if the contacts who left the network were drug users. The results of this study are consistent with previous studies that show that changes in networks are associated with changes in the likelihood of risky injection behavior (Curtis et al. 1995; Latkin et al. 1995b; Hoffmann et al. 1997). This study, however, expands upon the
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findings of these previous studies in several significant ways. First, in the only other study that assessed network turnover in a manner analogous to our study (Hoffmann et al. 1997), the period of follow-up was a 3-month period. In contrast, the average interval between baseline and follow-up interviews in our analysis is 1.5 years—a substantially larger window of time over which to assess behavior change. Another strength of our analysis is the large population size that was followed. We were able to calculate network turnover for 624 observations in comparison to only 55 observations in the analysis completed by Hoffman et al. (1997). Finally, while Hoffman and colleagues found that network turnover-in was associated with a significant increase in the odds of injection risk behavior we were able to show, by distinguishing between contacts in the drug and the non-drug network, that network turnover-in can have either a positive or a negative influence on individual risk behavior depending upon whether or not the new network contacts are drug users. Several important caveats accompany our findings. First, there was undoubtedly some amount of misclassification of relationships that would affect our measures of network turnover. For instance, it is entirely possible that respondents forgot to include a network member with whom they were still in contact at follow-up or conversely (i.e. network members included at follow-up had a relationship with the respondent at baseline). In both cases we may be overestimating network turnover. On the other hand, the study design is likely to have exerted downward pressure on our estimate of network turnover in two respects. A willingness to bring in two members of one’s social network for interview was one criterion for study participation, thereby selecting into the study individuals who are more likely to have potentially more stable networks of relationships (i.e. networks experiencing less turnover of membership). In addition, in order for individuals to be included in our analysis, they had to have returned for a follow-up interview. It is likely that individuals who were located and recruited easily for follow-up interviews had more stable networks of relationships (i.e. networks with less turnover) than those who were not interviewed. Our injection risk measures are also likely to be underestimates of the true prevalence of these behaviors. Respondents were not asked about renting needles or about using discarded previously used syringes. Asking individuals about their use of ‘clean’ needles has been shown to be an unreliable indicator of whether HIV is actually present in a syringe (Abdala et al. 2001). In addition, several studies have shown that survey respondents generally tend to under-report behaviors that are considered socially undesirable (Parry, Balter & Cisin 1970; Hindelang, Hirschi & Weis 1981; Brewer et al. 2000). Although the fact that SHIELD was an intervention study
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makes it unlikely that respondents will under-report drug use per se, they may under-report sharing needles and sharing behaviors (Edwards 1957; Latkin, Vlahov & Anthony 1993). Although there was a broad range of years of experience with injecting drugs in this sample, it is likely that the longer-term injectors who are in this sample are simply a proportion of those who began injecting when they did. Presumably the survivors may be the less risky injectors, as studies have shown that individuals who exhibit greater drug dependence and more risky injection practices are more likely to experience an overdose (Darke, Ross & Hall 1996; Ochoa et al. 2001). The lower reported levels of injection risk behaviors at followup in our sample may represent true behavior change as a result of exposure to the SHIELD HIV prevention intervention. We are not able to make statements about causality with this analysis. Network contacts and risk behaviors were changing over the same period of time, therefore it is also possible that behavior change could be determining network change or that some third factor could be causing both network and behavior changes (e.g. police harassment). A final limitation to this study design is that the only network characteristic we were able to examine was changes in membership. There are other ways in which a relationship and a network of relationships could change over time (i.e. changes in relationship strength and structural network changes). These other facets of network change may have implications for social influence and disease spread and are of interest for future research. Several studies indicate that IDUs are aware of the risk of HIV through the sharing of injection equipment and that many IDUs have altered their behaviors in response to this threat (Selwyn et al. 1987; Bloor 1995; Des Jarlais et al. 1995). In particular, it appears that most contemporary syringe-sharing occurs within limited social circles (e.g. close friendships, sexual relationships and family ties) (McKeganey & Barnard 1992; Neaigus et al. 1994; Bloor 1995; Valente & Vlahov 2001). Our findings support the practice of limiting syringe-sharing behaviors to a small social circle of contacts not only because the number of individuals with whom these IDUs share needles and other injection equipment will be reduced, but also because less turnover-in to the drug-using network over time is associated with an increased likelihood of either staying at a low level of injection risk behavior or decreasing one’s injection risk behavior. Although we were unable to assess whether changes in injecting practices were occurring at the network-level, the association between turnover-in and injection risk may be an indication that fewer members entering a network over time allows network members to establish certain norms of injection practice.
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Our findings also indicate that encouraging injectors to stay with the same drug-using partners over time is not likely to be sufficient to eliminate high-risk injection behaviors. In our study sample, turnover-out of the drug network and turnover-in to the non-drug-using network were also critical elements to behavioral risk reduction. These findings suggest that interventions which work with injectors to supplant their drug-using friends with non-drug-using contacts may be the most successful in achieving sustained behavioral risk reductions. Nonetheless, intervention approaches that aim to increase IDUs’ social contacts with non-drug-using individuals will need to be designed and monitored carefully for several reasons. Realistically, the ability of IDUs to replace drug-using contacts with non-drug-using contacts will vary. Among those who are least likely to be able to replace their drug contacts with non-drug-using contacts are those who are most dependent on the access to drugs and other resources provided by those contacts (i.e. highly addicted individuals and individuals with the least economic resources). Similarly, individuals residing in communities where drug use is endemic will be at a disadvantage to establish non-drug-using contacts. There is also the potential that an IDU could influence a noninjector to transition to injecting. Given that this study is the first study to assess specifically the impact of changes in risk and non-risk (i.e. drug-using versus non-drugusing) network membership on intra-individual injection HIV risk behavior change, additional research is needed to determine whether these findings are replicable in other study settings, sample populations and for other types of risk behaviors, as well as to characterize the correlates of network turnover. Acknowledgements This research was supported by grant number DA016005 from the National Institutes of Drug Abuse (NIDA). We thank Steve Muth for his assistance with the matching process, Susan Sherman for her comments on a previous draft and our anonymous reviewers for their thoughtful and helpful reviews. References Abdala, N., Gleghorn, A., Carney, J. & Heimer, R. (2001) Can HIV-1 contaminated syringes be disinfected? Implications for transmission among injection drug users. Journal of Acquired Immune Deficiency Syndrome, 28, 487–494. AIDS Administration, Maryland Department of Health and Mental Hygiene (2004) The Maryland HIV/AIDS Annual Report, pp, 1–96. MD: AIDS Administration, Maryland Department of Health and Mental Hygiene. Bloor, M. (1995) The Sociology of HIV Transmission. Thousand Oaks, CA: Sage Publications. Brewer, D. D., Potterat, J. J., Garrett, S. B., Muth, S. Q., Roberts, J. M., Kasprzyk, D. et al. (2000) Prostitution and the sex dis-
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