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Abstract
Objectives To examine survival and long term cessation of injecting in a cohort of drug users and to assess the influence of opiate substitution treatment on these outcomes.
Design Prospective open cohort study.
Setting A single primary care facility in Edinburgh.
Participants 794 patients with a history of injecting drug use presenting between 1980 and 2007; 655 (82%) were followed up by interview or linkage to primary care records and mortality register, or both, and contributed 10 390 person years at risk; 557 (85%) had received opiate substitution treatment.
Main outcome measures Duration of injecting: years from first injection to long term cessation, defined as last injection before period of five years of non-injecting; mortality before cessation; overall survival.
Results In the entire cohort 277 participants achieved long term cessation of injecting, and 228 died. Half of the survivors had poor health related quality of life. Median duration from first injection to death was 24 years for participants with HIV and 41 years for those without HIV. For each additional year of opiate substitution treatment the hazard of death before long term cessation fell 13% (95% confidence interval 17% to 9%) after adjustment for HIV, sex, calendar period, age at first injection, and history of prison and overdose. Conversely exposure to opiate substitution treatment was inversely related to the chances of achieving long term cessation.
Conclusions Opiate substitution treatment in injecting drug users in primary care reduces this risk of mortality, with survival benefits increasing with cumulative exposure to treatment. Treatment does not reduce the overall duration of injecting.

Introduction
Injection drug use is an important public health problem with a prevalence of around 1-2% among young adults in the United Kingdom and a standardised mortality ratio over 10 times that of the general population.1 Deaths in those who inject opiates are mainly a consequence of overdose and bloodborne infection.2 The principal treatment for dependent users is opiate substitution therapy, commonly oral methadone,3 which in the UK is mostly delivered in primary care settings. Opiate substitution treatment can reduce opiate use, mortality, and transmission of bloodborne infections, though most evidence comes from relatively short term studies.4 5 6 7 8
Short periods of cessation from injecting are relatively common,9 but few studies have long enough follow-up to observe long term cessation, and the impact of opiate substitution treatment on the overall duration of injecting is unclear.10
We report on a follow-up study of the Edinburgh addiction cohort.11 This study included injecting drug users, most of whom were using heroin, recruited through Muirhouse Medical Group, a single primary care facility in a deprived area of Edinburgh, during a rapid local HIV epidemic.12 We describe the duration of injecting and survival and assess the influence of opiate substitution treatment and other factors on these outcomes.

Methods
Data source
Methods are described in detail elsewhere.11 13 Briefly, between 1980 and 2006 all patients at a large primary care facility in Edinburgh who reported a history of injecting drug use were recruited to the study. Opiate substitution treatment was publicly funded and accessible to patients throughout the study period, in keeping with national guidelines. Cohort members were flagged with the General Register Office for Scotland to allow for tracing of deaths and changes of general practitioner. From October 2005 to November 2007 we attempted to contact all surviving cohort members to conduct a follow-up interview. Information was also collected from primary care notes when these were available. 
The cohort comprised 794 participants, of whom 571 were still alive at the start of follow-up and 432 (75%) were interviewed. By the end of follow-up, five of those we interviewed had died, bringing the total number of deaths to 228 (29%). We were able to follow up 655 (82%) using primary care records, including for 187 (82%) of those who died. One hundred and thirty nine (18%) participants were lost to follow-up.11

Instruments
We used a coding sheet to systematically extract data on clinical history from primary care records. The causes of death were transcribed from the death certificates provided by national mortality registers and grouped into the underlying cause of death from HIV, external injury, liver disease, and other causes. We developed a life grid14 questionnaire administered by an interviewer to collect retrospective self reported data on injecting drug use over a lifetime11 and assessed current health status based on the alcohol use disorders identification test (AUDIT),15 the hospital anxiety and depression scale (HADS),16 and a self rated visual analogue scale of current health state (EQ-VAS).17

Primary outcomes
Time to event variables were duration in years from first injection to death (from primary care records) or the start of a period of long term cessation of injecting (from follow-up interviews).11 We defined long term cessation as at least five consecutive years without injecting before the last follow-up or death as this was consistent with other cohorts where the probability of relapse was relatively low after five years.18 19 20 In our study, for the 377 interviewees with a history of cessation of injecting, 111 relapsed after their last cessation of at least three months, and 97 (87%) did so within five years (range 0.25-23.25 years).

Exposure variables
The main exposure variable was receipt of opiate substitution treatment (such as oral methadone, buprenorphine, dihydrocodeine)21 ascertained from primary care records. Data were available on cumulative months and years of exposure from year of injection to the outcome (long term cessation or death). Opiate substitution treatment in the period defining long term cessation (five years after last injection) was included in the exposure variable, with treatment after this period excluded.
As dead participants were included in both analyses, in addition to opiate substitution treatment we considered the following covariates extracted from primary care notes: sex, age at first injection, calendar year at first injection (<1986, 1986), HIV status (negative, positive), periods in prison (none, once, more than once); and clinical history (no, yes) of overdose requiring treatment at an accident and emergency department, problem drinking, referrals for serious mental health issues, and self harm.

Analysis procedures
We used discrete time survival models for the analysis of the time from starting injecting to death or long term cessation because the information on the times of onset and cessation events was available only in whole years.22 23 Firstly, overall survival was analysed with a logistic model. Secondly, time to death before long term cessation and time to long term cessation were analysed with a competing risk model.24 The competing risk approach was required because the occurrence of the death event prevents an individual from experiencing long term cessation and vice versa. Moreover, this framework enabled the assessment of the potentially different role of covariates on the probability of occurrence of the two competing events, allowing a better understanding of each cause of outcome. We used a multinomial logistic hazard model to model the log odds of death before long term cessation and long term cessation simultaneously.25 26 Individuals contribute one year of exposure from when they start injecting to the time they experience one of the events or are censored at interview.
We used dummy variables representing years from first injection to estimate (non-parametrically) time varying hazards, in both the logistic and multinomial logistic models. We used a complete case analysis approach as we had insufficient information on non-responders to impute missing data. We excluded the 41 surviving participants with less than six years’ follow-up since their first injection from the competing risk analysis because they had insufficient follow-up to measure long term cessation. The best fitting multinomial logistic model included duration variables of 1 year, 2-10 years, 11-15 years, and 16-38 years from initiation of injecting and the opiate substitution treatment and age at onset of injecting variables as continuous variables. We fitted and found evidence for an interaction between opiate substitution treatment and duration, suggesting that the effect of treatment differed over time (likelihood ratio test χ2=36.19, df=6, P<0.0001). As none of the individual interactions between opiate substitution treatment and duration were significant for survival (r=−0.15 (SE 0.27), P=0.57, for 2-10 years’ duration; r=−0.07 (SE 0.26), P=0.78, for 11-15 years’ duration; r=0.05 (SE 0.26), P=0.18, for 16-38 years’ duration), we limited the interaction to long term cessation only. All analyses were conducted with Stata statistical software (version 10.1).


Results
Table 1 shows characteristics of the cohort at recruitment⇓. Table 2 shows follow-up outcomes and current drug use and health status of interviewees⇓.
Table 1  Characteristics at recruitment and follow-up in 794 participants in Edinburgh addiction cohort. Figures are numbers (percentages), unless stated otherwise
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Table 2  Injecting and health status of interviewees in Edinburgh addiction cohort at follow-up. Figures are numbers (percentages)
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Among interviewees, 302 (70%) were currently receiving opiate substitution treatment, primarily methadone; 135 (31%) were currently injecting, of whom 112 (83%) were also receiving opiate substitution treatment; and 165 (38%) had achieved long term cessation, of whom 106 (64%) were currently receiving opiate substitution treatment. Most interviewees were current smokers (403, 93%). For other measures, 20% (87) were problem drinkers, 48% (209) were anxious, 26% (114) were depressed, and 52% (226) had poor health related quality of life. Interviewees who achieved long term cessation had lower levels of morbidity.
Among the 654 with data extracted from primary care case notes, 558 (85%) had a history of opiate substitution treatment: 79% (439) had received methadone, 73% (410) dihydrocodeine, 7% (37) buprenorphine, and 1% (8) other opiates; 314 patients had had multiple forms of opiate substitution treatment. A history of periods in prison was recorded in primary care notes for 360 (55%); 281 (43%) had a history of problem drinking and 237 (36%) had a history of overdose requiring hospital treatment; 199 (30%) had been referred to specialist mental health services; and 196 (30%) had a history of self harm. In total, 189 (29%) participants were HIV antibody positive.
By the study end point, 228 (29%) participants had died (table 3)⇓. The leading causes of death were HIV (102, 45%), drug overdose (55, 24%), and liver disease/injury (37, 16%). More than three quarters of deaths from drug overdose were among those who did not achieve long term cessation (78%), and drug overdose deaths accounted for 38% (43) of all deaths in that group. Most deaths could be attributed to injecting drug use (table 3), with many of the remaining deaths due to associated problems with other substance use, particularly tobacco and alcohol, or comorbid mental illness.
Table 3   Primary cause of death in Edinburgh addiction cohort. Figures are numbers (percentages) of participants
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Overall survival and competing risks: survival and long term cessation
Figure 1 shows survival by HIV status.⇓ Median survival for HIV positive patients was 24 years compared with 41 years for HIV negative patients (for patients set to median exposure to opiate substitution treatment, median age at first injection, onset <1986, no prison history, and no history of overdose).


Fig 1 Overall survival from year of first injection to death by HIV status
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Among those who died and interviewees whose first injection had been at least six years before follow-up (n=566), 49% (277) achieved long term cessation, 16% (91) died before achieving long term cessation, and 35% (198) survived but had not achieved long term cessation by follow-up. Of those who died before achieving long term cessation, within 25 years after their first injection, half of HIV positive participants had died compared with 10% (9) of HIV negative participants. Opiate substitution treatment was associated with increased survival (that is, decreased time to death). Table 4 shows that for each year of opiate substitution treatment, the probability of death was reduced by 10%.⇓ Without adjustment for other factors, survival was also reduced in those with a prison history and history of overdose and was negatively associated with age at onset of injecting (table 4).⇓ There was no difference in survival by sex or history of alcohol problems, self harm, or serious mental illness. Evidence for improved survival with opiate substitution treatment remained after adjustment (for HIV, history of overdose, prison history, age at first injection, calendar period of onset), with the hazard of death reduced by 13% (95% confidence interval 17% to 9%, P<0.001). Figure 2⇓ shows that for patients who do not start opiate substitution treatment (unexposed), a quarter will be dead within 25 years of their first injection compared with 6% of those with more than five cumulative years of exposure to opiate substitution treatment (with other factors set to HIV negative, median age at first injection, onset <1986, no prison history, no history of overdose). After adjustment for opiate substitution treatment and other covariates (see above), the probability of death before long term cessation was increased almost sixfold (3.5 to 10.1) for those infected with HIV and twofold (1.3 to 3.1) for those with a history of heroin overdose and the effect of prison history on survival was diluted. The effect of calendar period (onset of injecting from 1986) on survival switched from insufficient or weak evidence of a protective effect (hazard ratio 0.74, P=0.22) to evidence of a more than twofold increase in the probability of death before long term cessation (1.1 to 4.0, P=0.02) after adjustment for HIV infection in particular and other covariates (opiate substitution treatment, history of overdose, age at first injection, prison history, sex).
Table 4  Competing risk (hazard) from year of first injection to achieving long term cessation or death before long term cessation in participants in Edinburgh addiction cohort whose first injection had been at least six years before follow-up (multinomial logistic regression model)
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Fig 2 Survival: probability of not dying before long term cessation by exposure to opiate substitution to treatment
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Opiate substitution treatment was associated with an increased duration of injecting (that is, time to long term cessation): for each year of treatment, before adjustment, duration was increased by 11% (table 4).⇑ Table 4 shows also that after adjustment for key covariates (sex, HIV infection, age at first injection, calendar period of onset, prison history, history of overdose) and an interaction between opiate substitution treatment and time, the impact of opiate substitution treatment on duration wanes over time—that is, decreasing the probability of cessation by 0.73 (0.65 to 0.81) in the first year and then, as the interactions are all greater than 1, by 0.89 in years 2-10, 0.95 in years 11-15, and 0.91 in years 16-38. (The latter are generated by multiplying the interaction terms with the effect of opiate substitution treatment.) Figure 3 shows that for patients who did not start opiate substitution treatment, the median duration of injecting was five years (with nearly 30% ceasing within a year) compared with 20 years for those with more than five years of exposure to treatment (with other factors set to HIV negative, median age at first injection, onset <1986, no prison history, no history of overdose)⇓. Figure 3 also shows that the difference in the probability of long term cessation between those who do and those who do not receive opiate substitution treatment narrows over time. 


Fig 3 Injecting duration: probability of achieving long term cessation by exposure to opiate substitution treatment
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Table 4 also shows that the probability of cessation, after adjustment for opiate substitution treatment and other covariates in the model, was lower for injecting drug users with more than one period of prison recorded (0.57, 0.42 to 0.78) and for those injecting from 1986 (0.54, 0.38 to 0.77). There was weak evidence that women had a 30% higher probability of achieving long term cessation, but after adjustment the difference was diluted (1.11, 0.84 to 1.47). Age at onset was associated with a 6% (3% to 9%) higher probability of cessation; and there was weak evidence that HIV infection was also associated with a higher probability of cessation (1.32, 0.99 to 1.75).
Based on data available from the 369 interviewed patients, those exposed to opiate substitution treatment reported injecting less frequently while receiving treatment compared with periods out of treatment (mean 157 v 273 days a year, t=−3.9, df=171, P<0.001). For those who achieved long term cessation, however, the number of total days injecting tended to be lower among those who were not exposed to opiate substitution treatment compared with those who were exposed (878 v 1469 days, t=−0.9, df=140, P=0.36).


Discussion
This follow-up study of the Edinburgh addiction cohort shows the chronic nature and multiple adverse health consequences of injecting drug use.27 In our cohort of injectors recruited from primary care around half of those infected with HIV will die within 24 years of starting injecting, and even for those without HIV median survival was 41 years, suggesting half of those who start injecting in late adolescence will be dead by middle age. Quality of life and health status of surviving injecting drug users also was poor.
Our results confirm the beneficial effects of opiate substitution treatment delivered in routine primary care over long periods. We found a dose-response relation between exposure to such treatment and survival before long term cessation. The overall median duration of injecting, however, was longer for injecting drug users who were exposed to opiate substitution treatment. It is argued that this treatment confers its health benefit through promoting injection cessation.3 28 Our data did not support this hypothesis and suggest that it conferred health benefits irrespective of whether injecting drug users continued injecting, though users injected less often when receiving treatment, as consistently shown in clinical trials and observational studies.29 Nonetheless, the cumulative total number of injections is probably greater in those exposed to opiate substitution treatment (as a high proportion of those who did not receive such treatment stop injecting within the first year of onset). Opiate substitution treatment might also increase survival and reduce morbidity through improving social functioning, reducing criminal activity, and maintaining regular contact between individuals and primary care services.30
HIV infection was concentrated among cohort participants recruited in the early 1980s, and deaths related to HIV peaked before the introduction of more effective treatments.13 HIV infection reduced survival overall and was associated with a sixfold increase in hazard of death before long term cessation. The risk of acquiring HIV infection associated with injecting in Scotland became widely known in 1986.12 After adjustment, our analyses suggest that participants who started injecting before 1986, and were perhaps more likely to have HIV positive contemporaries, had a shorter duration of injecting.31 32
One long term cohort study found that episodes in prison seem to promote cessation of injection.33 We found no evidence for this in our data; on the contrary, more than one prison episode almost doubled the overall hazard of death and decreased the probability of achieving long term cessation.
Strengths and limitations
The strengths of our study were its size, community base, and long duration of follow-up and the detailed information over time available from interview and administrative sources.
We lost 139 participants (18% of the whole cohort and 25% of survivors), a favourable follow-up rate compared with many other cohorts of injecting drug users.34 Follow-up was poorer in those who had moved, in some cases because local general practitioners or directors of public health were unwilling to provide contact details.11 Those whom we failed to follow-up might have differed from the others and thus introduce bias. Unfortunately we were unable to conduct any imputation for missing data to test for bias because of a lack of information. Our participants might not be representative of all injecting drug users. Importantly, the cohort might over-represent dependent injecting drug users and under-represent those who inject for only a short time because recruitment occurred several years after onset and was based on users presenting to primary care and reporting their injecting drug use. In a sensitivity analysis, exclusion of participants who had injected for less than a year (who are less likely to be dependent or have a fatal overdose and more likely to stop injecting before dying than those who inject for over a year) had no effect on the hazard ratios reported in table 3. Overall survival and time to long term cessation in the population, however, might be underestimated and overestimated, respectively, if short term injectors were substantially under-represented.35 Equally, the cohort was at the epicentre of the national HIV epidemic, differing from other UK based cohorts of injecting drug users36 37 but comparable with some European cohorts.1 32
The use of primary care records as our principal data source, on exposure and covariates and cessation outcomes in those who died, limited adjustment for potential confounders. Injecting drug users who do not enter opiate substitution treatment might have different characteristics (for example, be less chaotic or dependent) that explain their higher cessation rate and confound the relation between long term cessation and opiate substitution treatment. If that is true, we would also expect to see a lower risk of death among those who did not receive opiate substitution treatment, which is the reverse of what we observed. It is not inevitable that any factor, such as exposure to opiate substitution treatment, that reduces risk of death in injecting drug users will also increase overall duration of injecting. For example, prison history increased both mortality and injecting duration.
Information on injection cessation from interviews or patients’ notes, or both, might have been biased. For example recipients of opiate substitution treatment might be more likely to have their injection status discussed and recorded in their notes than those receiving no active intervention for a previously declared drug problem, which might introduce differential bias and explain the apparent effects of opiate substitution treatment on long term cessation. We found the same relation between opiate substitution treatment exposure and long term cessation shown in figure 2, however, when we restricted the analysis to survivors with interview data.
Continued injecting among those who received opiate substitution treatment might reflect poor prescribing or inadequate doses of the substitute drug involved, both of which were associated with a higher risk of mortality in other studies in Scotland.38 This seems unlikely. Doses prescribed at Muirhouse are typically high (current mean daily dose of methadone is 90 mg). Some opiate substitution treatment, particularly before the 1990s, could have been at lower doses.30 Nevertheless, this would not explain why those with no exposure to opiate substitution treatment have a shorter duration of injecting; and the substantial survival benefits seen with opiate substitution treatment, particularly when prescribed for longer periods, also seems inconsistent if opiate substitution treatment was prescribed at an inadequate dose.

Conclusions
Injecting opiate use is typically a chronic health problem with substantial adverse health consequences. These consequences are ameliorated in part by oral opiate substitution treatment, the beneficial effects of which seem to be more substantial the longer it is prescribed. These benefits, however, do not seem to be mediated through reductions in the overall duration of injecting and might be associated with prolonged duration, albeit at reduced frequency during treatment. The implication is that prescribing guidelines that emphasise the key importance of complete cessation of injection or suggest that opiate substitution treatment should be withheld from injecting drug users with evidence of continued injecting are inappropriate and indeed likely to increase mortality.39
What is already known on this topic
	Injecting drug use is a chronic condition associated with substantial excess mortality and morbidity, but there is a lack of empirical evidence on the duration of injecting

	Opiate substitution treatment reduces the risk of death in injectors over the short term, possibly by providing a faster route to full recovery and abstinence from dependency



What this study adds
	Opiate substitution treatment, especially long term, reduces the risk of death before cessation in injectors

	Opiate substitution treatment does not reduce the overall duration of injecting

	Debates on the direction of drug policy and benefits of drug treatment should consider that there is a balance between saving lives and achieving abstinence
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