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Abstract

Aims—To estimate mortality rates among treated opioid-dependent individuals by cause and in 

relation to the general population, and to estimate the instantaneous effects of opioid 

detoxification and maintenance treatment (MMT) on the hazard of all-cause and cause-specific 

mortality.

Design—Population-based treatment cohort study.

Setting—Linked mortality data on all individuals first enrolled in publicly-funded 

pharmacological treatment for opioid dependence in California, USA from 2006 to 2010.

Participants—32,322 individuals, among whom there were 1,031 deaths (3.2%) over a median 

follow-up of 2.6 years (interquartile range: 1.4 - 3.7).

Measurements—The primary outcome was mortality, indicated by time to death, crude 

mortality rates (CMR), and standardized mortality ratios (SMR).

Findings—Individuals being treated for opioid dependence had a more than four-fold increase of 

mortality risk compared with the general population (SMR 4.5 95% CI: 4.2, 4.8). Mortality risk 

was higher (1) when individuals were out-of-treatment (SMR 6.1, 95% CI: 5.7, 6.5) than in-

treatment (SMR 1.8, 95% CI: 1.6, 2.1) and (2) during detoxification (SMR 2.4, 95% CI 1.5, 3.8) 

than during MMT (SMR 1.8, 95% CI 1.5, 2.1), especially in the two weeks post-treatment entry 

(SMR 5.5, 95% CI 2.7, 9.8 versus SMR 2.5, 95% CI 1.7, 4.9). Detoxification and MMT both 

independently reduced the instantaneous hazard of all-cause and drug-related mortality. MMT 

preceded by detoxification was associated with lower all-cause and other-cause-specific mortality 

than MMT alone.

Conclusions—In people with opiate dependence, detoxification and methadone maintenance 

treatment both independently reduce the instantaneous hazard of all-cause and drug-related 

mortality.
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Introduction

Opioid-dependent individuals suffer from mortality risks that are 6 to 20 times higher than 

the general population [1-3]. Overdose is the most common cause of death [4] however 

excess mortality also occurs due to suicide, injury, and drug-related chronic and infectious 

diseases [4]. Most of these deaths are premature and avoidable [4]. Treatment is a critical 

factor that can reduce mortality risk in opioid-dependent populations [2, 3, 5].

Methadone maintenance treatment (MMT) is the most effective and widely-used therapeutic 

intervention for heroin dependence [5-7]. MMT involves using methadone to block opioid 

receptors, thereby preventing effects and relieving withdrawal symptoms [8]. Mortality risk 

is highest within the 2 to 4 weeks following MMT initiation [9,10-12] and exit [9,10,12]. 

Continued MMT engagement is associated with sustained reductions in heroin use [3] and 

other benefits including decreases in HIV risk behaviors, lowered risk for hepatitis C (HCV) 

seroconversion, reductions in acquisitive crime and incarceration rates, and improvements in 

mental health and health-related quality of life [5,13,14]. In relation to mortality, treatment 

may be more effective if individuals remain in MMT [15], the average treatment duration is 

12 or more months [9,16], and fewer treatment episodes are undertaken over time [13].

Opioid detoxification is a common but controversial therapy in the United States. 

Detoxification usually involves using medications (e.g., methadone, naltrexone) to rid the 

body of opioids while decreasing withdrawal-related discomfort [17]. The goal of 

detoxification is not treatment per se but rather controlled reduction of opioid dependence 

[18,19]. Detoxification (i.e., typically lasting 3-12 weeks) aims to taper methadone dosages, 

with the ultimate goal of opioid abstinence [6]. Given that opioid addiction is often a chronic 

relapsing condition [3,20,21] and treatment discontinuation typically results in relapse and 

elevated mortality risk [2,12], detoxification designed to achieve complete methadone taper 

may be a particularly harmful aspect of treatment [6].

In contrast, short-term detoxification followed by long-term MMT may be useful 

[6,19,22,23]. In practice, however, few detoxification patients transition to MMT [24]. 

Furthermore, repeated detoxification attempts among MMT-naïve patients have been 

associated with decreasing odds of successful treatment completion [24]. These recent 

findings, combined with the well-established high risk of opioid relapse following 

detoxification [17], suggest detoxification alone generally should not be considered adequate 

treatment [6]. A critical knowledge gap is to what degree mortality risk varies during and 

after MMT compared to detoxification.

Most mortality studies of mortality among opioid dependent patients have focused on the 

effects of a single treatment episode [2]. Addiction is now understood as a chronic condition 

[21] in which an individual may receive several treatments distributed over many years and 

from different providers [25-27]. Therefore, the effects of all treatments undertaken over 

time within a given treatment system may have more impact than that of a single treatment. 

Models that can capture the dynamic nature of treatment may be most appropriate but have 

been rarely applied [2].

Evans et al. Page 2

Addiction. Author manuscript; available in PMC 2015 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Also poorly understood are variations in the relationship between treatment experiences and 

mortality according to whether all-cause versus cause-specific mortality is examined. 

Treatment is most likely to reduce illicit drug use in the short-term [5], which, in turn, may 

reduce immediate drug overdose risk. Over time, however, treatment-induced decreases in 

illicit drug use may reduce mortality risk due to infectious diseases (e.g., HIV, HCV) and 

also protect against death from cardiovascular disease [28], accidents, trauma, suicide 

[12,29], and other causes.

We aimed to calculate mortality rates among treated opioid-dependent individuals by cause 

and in relation to the general population, and to estimate the instantaneous effects of opioid 

detoxification and maintenance treatment on mortality– both all-cause and cause-specific.

Methods

Sample

We examined all individuals first admitted to publicly-funded agonist treatment for opioid 

dependence in California during the 5-year period covering January 1, 2006, to December 

31, 2010. Treatment data was provided by the California Outcomes Monitoring System 

(CalOMS), a statewide information management system. Each state- or federally-funded 

opioid treatment program licensed to dispense methadone is required to submit CalOMS 

data monthly [30]. To focus on individuals being treated for the first time, we omitted from 

analysis individuals who had been admitted to treatment in the 20 years prior to January 1, 

2006 as indicated by records available in CalOMS and its predecessor, CADDS. Patient data 

recorded in CalOMS by treatment staff at admission include demographics, alcohol and drug 

use, educational attainment and employment, and physical and psychological health. 

Discharge records are filed when appointments are missed without notification for ≥3 

consecutive days for detoxification and for ≥14 days for MMT. Most individuals in our 

sample (86%) received treatment from only one treatment program during the study time-

period.

Mortality data was obtained from the Centers for Disease Control and Prevention (CDC) 

National Death Index (NDI). NDI data linkage was performed by CDC staff using 

probabilistic record linkage methods that utilized patient Social Security Number (SSN), full 

name, birth date, and sex. Approximately 5% of CalOMS individuals had an invalid SSN 

and therefore were omitted from NDI linkage. In November 2012, NDI shared date and 

cause of death (International Classification of Diseases [ICD-10th revision]) for deaths that 

occurred as of December 31, 2010. Protocols were approved by the Institutional Review 

Boards at UCLA and the State of California.

Measures

The key independent variable is episodes of time in which an individual received 

detoxification, methadone maintenance treatment (MMT), or no-treatment. Following 

previous analyses [24], we used the earliest admission and latest discharge to consolidate 

records into treatment episodes. If records were unavailable for episode t, but a subsequent 

episode t+1 was initiated, discharge dates were imputed using a discharge date of (episode 
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start date(t+1)–14) for episode t for MMT or (episode start date(t+1)–3 for detoxification. 

About 11% (5,749 of 52,769) of treatment episode discharge dates were imputed. We 

merged successive episodes when discharge and subsequent admission dates were within the 

3-day (detoxification) and 14-day (MMT) discontinuation thresholds. Detoxification 

episodes directly preceding MMT episodes were not merged as transition from 

detoxification to MMT was of interest. Time periods in which an individual was not 

receiving either detoxification or MMT were coded as out-of-treatment periods.

The dependent variable is time to death, stratified by cause. Using previously-defined 

classifications [12], we coded cause of death into three categories: (1) drug-related (drug or 

alcohol poisoning, other drug-related); (2) HIV- and HCV-related; and (3) all other causes 

(Appendix 1 presents details). Following prior research [16,31,32], deaths occurring on or 

prior to discharge were allocated to “in-treatment” time-periods; deaths occurring anytime 

after discharge were attributed to “out-of-treatment” time-periods.

Finally, we considered several fixed and time-varying covariates. Fixed covariates (e.g., age, 

gender) were drawn from the first treatment admission. Time-varying measures were 

provided by repeated assessment at each admission and reflect patient demographics, drug-

use severity, and co-morbidity (Table 4 shows complete list).

Data analysis

Follow-up duration was determined using first treatment admission to death or last 

observation (ending on December 31, 2010). Crude mortality rates (CMRs) were calculated 

by summing person years and numbers of deaths by age and sex and calculating a rate per 

1,000 person-years. Indirect standardized mortality ratios (SMR) were calculated by 

dividing observed deaths in the cohort by expected deaths based on US population mortality 

rates (as provided by the Centers for Disease Control and Prevention, National Vital 

Statistics System) by year, sex, and age group.

Cox proportional hazards models with time-varying covariates were fitted to the arranged 

in-treatment and out-of-treatment episodes to investigate the instantaneous effects of 

detoxification and MMT (defined as time-varying covariates) on all-cause and cause-

specific mortality [33], controlling for covariates. For each model, we examined the effect of 

detoxification and maintenance (reference group: out-of-treatment) on mortality risk. We 

then considered the effect of four mutually exclusive states (reference group: out-of-

treatment): MMT with prior detoxification, MMT-only, detoxification-only, and 

detoxification with prior MMT. We also conducted sensitivity analyses, using the Wei-Lin-

Weissfeld method (robust standard error estimates), to evaluate how the patterns of 

treatment effects on all-cause and cause-specific mortality would be affected after 

accounting for the clustering of individuals within programs. All hypotheses were tested 

using a significance level of α=0.05. Analyses were conducted using SAS 9.3 [34] and R 

[35].
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Results

Among 32,322 individuals, there were 1,031 deaths (3.2%) over the 5-year follow-up 

(76,657 person years, median observation 2.6 years [interquartile range: 1.4 - 3.7]). 

Compared to individuals who remained alive, those who died were older at first treatment 

(43.3 vs. 35.0 years), fewer were female (25.1% vs. 36.1%), fewer were working (21.2% vs. 

30.7%), and more had co-occurring mental and physical health problems (Table 1). 

Additionally, more deceased individuals identified heroin as their primary drug problem 

(70.7% vs. 63.1%) and more used their primary drug for 10+ years before initiating 

treatment (64.4% vs. 45.2%).

The single leading cause of death was drug- or alcohol-related (43.6%) (Figure 1 and 

Appendix 2). HCV and HIV-related illness accounted for 4.2% and 1.4% of deaths, 

respectively. Among the 50.8% that died of “other” causes, cardiovascular disease (14.3%) 

accounted for a significant proportion, as did trauma (suicide, unintentional injury, 

homicide) (10.1%), and other causes (26.5%), primarily cancer (7.8%), respiratory disease 

(5.2%), and liver disease (4.8%).

Approximately 17.7% of deaths occurred while the patient was in-treatment; 10.4% within 

14 days post-admission. About 82.3% of deaths occurred out-of-treatment; 14.7% within 14 

days post- exit. Being in-treatment was associated with lower CMRs due to drug-related 

death (CMR 2.3, [95% CI 1.8, 2.9] vs. 8.0 [7.2, 8.8]) and other causes (CMR 3.8, 95% CI 

3.1, 4.6 vs. 8.6, 7.9, 9.5) (Figure 1). HIV was an infrequent cause of death, whether in- or 

out-of-treatment.

Over 5 years, 32,322 individuals accounted for 90,509 episodes of detoxification 

(N=24,601; 27.2%), MMT (N=28,168; 31.1%), and no-treatment (N=37,740; 41.7%). For 

both the alive and deceased groups, more time was spent in MMT (36%) than in 

detoxification (∼7%) (Table 2). Deceased individuals accumulated fewer treatment days 

(237.0 vs. 325.3 mean days) prior to death, despite having had the same number of treatment 

episodes (1.6). About two-thirds of individuals in both groups had only one treatment 

episode and most of follow-up was spent out-of-treatment (56% and 57% of the time, 

respectively). Most treatment sequences were “detoxification-only” (25%), followed by 

“MMT-only” (19%) and “MMT preceded by detoxification” (11%); few were 

“detoxification preceded by MMT” (2%).

There was a more than four-fold increase of mortality risk among opioid-dependent 

individuals compared to the general population (SMR 4.5, 95% CI 4.2, 4.8) (Table 3). The 

overall in-treament SMR was 1.8 (95% CI 1.6, 2.1), compared with the overall out-of-

treatment SMR of 6.1 (95% CI 5.7, 6.5); thus the relative risk of death out-of-treatment was 

3.3 (95% CI: 2.8, 3.9). The highest mortality risk occurred during the two weeks post-

treatment exit -- individuals incurred about 30 times the number of deaths during this time-

period than is expected in the general population (SMR 31.5, 95% CI 26.2, 37.5). Mortality 

risk dropped sharply during the subsequent weeks, however 28 or more days post-exit the 

rate was still more than 5 times higher than in the general population (SMR 5.3, 95% CI 4.9, 

5.7). As for time-periods following treatment entry, mortality risk was highest during the 
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two weeks post-admission (SMR 3.6, 95% CI 2.2, 5.7), then decreased and remained 

relatively low thereafter. When patterns were examined by treatment type - risk was higher 

while individuals were in detoxification (SMR 2.4, 95% CI 1.5, 3.8) than in MMT (SMR 

1.8, 95% CI 1.5, 2.1), and this difference in risk was most apparent during the two weeks 

post-treatment entry (SMR 5.5, 95% CI: 2.7, 9.8 versus SMR 2.5, 95% CI:1.7, 4.9).

Table 4 presents information on factors associated with mortality risk as identified by an all-

cause model (Model 1a,b) and a cause-specific model stratified by drug-related causes 

(Model 2a), HCV/HIV-related causes (Model 2b), and all other causes (Model 2c).

In the all-cause model (Model 1a), exposure to detoxification (HR 0.22, 95% CI 0.13, 0.36) 

and MMT (HR 0.27, 95% CI 0.23, 0.32) was associated with a significant reduction in the 

hazard of mortality, compared to out-of-treatment periods. The comparative instantaneous 

effects of detoxification and MMT were not statistically different (p=0.42). When episodes 

were categorized to account for experiences with different treatments (Model 1b), 

detoxification-only (HR 0.21, 95% CI 0.13, 0.35) and MMT with prior detoxification (HR 

0.20, 95% CI 0.14, 0.28) were each associated with a greater reduction in mortality risk than 

MMT-only (HR 0.30, 95% CI 0.25, 0.37). However, only the reduction effect of MMT with 

prior detoxification was statistically significantly greater than that of MMT-only (p=0.03).

In cause-specific models, a reduction in mortality risk due to drug-related causes (Model 

2ai) was associated with exposure to detoxification (HR 0.12, 95% CI 0.05, 0.28) and MMT 

(HR 0.24, 95% CI 0.18, 0.33) (vs. no-treatment), with detoxification demonstrating a more 

protective but not statistically significant effect than MMT (p=0.12). In the alternative 

categorization of treatment, the greatest reduction in risk was associated with detoxification-

only (HR 0.11, 95% CI 0.05, 0.27), followed by MMT with prior detoxification (HR 0.21, 

95% CI 0.12, 0.35), and MMT-only (HR 0.26, 95% CI 0.18, 0.36) (Model 2aii). The 

reduction effects of detoxification-only and MMT with prior detoxification were not 

statistically significantly different from that of MMT-only (p=0.06 and 0.45, respectively). 

In addition, compared with daily heroin use, non-daily prescription opioid use was 

associated with a significantly reduced risk of drug-related death (HR 0.57, 95% CI 0.39, 

0.82).

A significant decrease in risk of HCV/HIV-related death (Model 2bi) was associated with 

MMT exposure (vs. no-treatment) (HR 0.19, 95% CI 0.09, 0.40). The greatest reduction in 

risk was associated with MMT-only (HR 0.17, 95% CI 0.07, 0.41) and then MMT with prior 

detoxification (HR 0.25, 95% CI 0.08, 0.82) (Model 2bii). These two effects were not 

statistically significantly different (p=0.58).

As for death by “other” causes (Model 2ci), exposure to detoxification (HR 0.34, 95% CI 

0.18, 0.64) and MMT (vs. no-treatment) (HR 0.30, 95% CI 0.23, 0.37) was associated with a 

reduction in risk, with detoxification demonstrating a less protective but not statistically 

significant effect than MMT (p=0.68). The greatest reduction in risk was associated with 

MMT with prior detoxification (HR 0.19, 95% CI 0.11, 0.31), followed by detoxification-

only (HR 0.33, 95% CI 0.17, 0.65) and MMT-only (HR 0.34, 95% CI 0.26, 0.44) (Model 
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2cii). Only MMT with prior detoxification had a statistically significantly greater effect than 

MMT-only (p=0.03).

Finally, our sensitivity analyses indicated that the significance pattern of most treatment 

effects described above remained the same after the clustering of individuals within 

treatment programs was considered. As the single exception, for drug-related mortality, 

detoxification-only was associated with a significantly greater reduction in risk than MMT-

only (p=0.04).

Discussion

We examined over 32,000 opioid treatment entrants across a statewide public treatment 

system for whom admissions and exits were tracked over time. Exposure to detoxification 

and maintenance treatment (versus being out-of-treatment) was associated with a lower all-

cause and cause-specific mortality risk. While the instantaneous effects of detoxification and 

maintenance treatment were not statistically significantly different, extended exposure to 

treatment in a non-time-limited treatment program can reduce mortality substantially, and 

should be prioritized. Additionally, most deaths occurred during out-of-treatment time-

periods, and mortality risk was greatest immediately following treatment entry and exit.

Taken together, findings indicate that to optimize the life-saving effects of pharmacological 

treatment for opioid dependence, it should be offered without time constraints to maximize 

its protective effects against mortality; and supplemented by interventions that target risk 

factors for mortality occurring immediately following treatment entry and exit. These might 

include proactive efforts to support individuals during vulnerable periods [36], such as 

checking-up on the well-being of individuals and re-engaging them in treatment when 

needed.

In addition, the large sample size and the era in which data were collected enabled 

examination of overall and cause-specific mortality in relation to certain patient 

characteristics that are of particular salience given recent changes in the nature of opioid 

addiction. Compared with daily heroin use, non-daily prescription opioid use was associated 

with a reduced risk of drug-related death. Findings are most likely explained by differences 

in addiction severity, with non-daily prescription opioid use posing a less severe threat to 

health than daily heroin use. It may also be the case that treated prescription opioid patients 

have curtailed behaviors that increase overdose risk, such as use of certain prescription 

drugs; multiple prescriptions, providers, and pharmacies; and high daily doses [37].

Finally, most individuals (∼45%) initiated treatment 10 or more years after first heroin use. 

Other studies report few individuals with addiction receive any treatment in their first 

decade of use [25,38,39], even though treatment can facilitate abstinence [25,38,39] 

particularly if it is received soon after drug use onset [25]. In the present study, longer time 

from first use to first treatment was not associated with mortality risk. However, given that 

prolonged opioid use careers increase exposure to injection drug use and other risky health 

behaviors, more concerted efforts are needed to encourage individuals to initiate treatment 

for opioid dependence sooner after first use.
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Limitations

Our analysis had several limitations. First, some misclassification is inherent in using 

administrative databases for research purposes. We implemented several rules and used 

previously-implemented algorithms to minimize linkage and data management errors [24]. 

Second, factors that have been associated with longer MMT durations including medication 

dosage and other treatment aspects (e.g., counseling services) were unobserved. Also, we 

only captured treatment provided at publicly-funded facilities in California. Therefore, we 

did not measure the effects of treatment provided in other settings (e.g., office-based 

buprenorphine treatment, Veterans Health Administration-based opioid treatment programs). 

Also, selection into detoxification or maintenance treatment may have been influenced by 

unmeasured factors. We expect that MMT individuals had greater addiction severity and co-

morbidity; if measured incompletely and effects are as hypothesized, instantaneous MMT 

effects were likely understated. Finally, the median observation time was 2.6 years and 

instantaneous effects during treatment were measured. Three or more treatments distributed 

over many years before sustaining abstinence is typical [26,27], heroin abstinence for 5 or 

more years substantially increases the likelihood of continued abstinence [26], and 

individuals receive MMT much longer than detoxification. Therefore, if observed over a 

longer time horizon the cumulative protective effect of MMT on mortality may be greater 

than demonstrated by the present study. Study strengths include the large and ethnically 

diverse sample, inclusion of all public opioid treatment programs statewide, a 

comprehensive set of patient- and treatment-related risk and protective factors, and 

measurement of several variables as time-dynamic, thereby permitting more accurate 

measurement.

Prior research has examined the extent to which the addiction treatment career impacts 

abstinence and criminal activity [3,25,26,38]. Whether and how opioid treatment careers 

affect mortality risk is less understood. Findings extend knowledge of the extent to which 

maintenance and detoxification treatments impact mortality risk among opioid users, 

particularly within the current changing environment of opioid addiction in the United 

States.
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Appendix 1. Causes of Mortality, by ICD-10 Codes

Raw category ICD-10 Codes Coded category N % of total

Poisoning by drugs or 
alcohol-accidental and 
intent not determined X40, X41, X42, X44, x45, Y11, Y12, Y14 Drug-related 394 38%

Drug-related
F10.1, F10.2, F11.1, F11.2, F11.9, F14.1, 
F15.1, F19.1, F19.2, F19.9, X61, X62, X64, Drug-related 56 5%

Viral hepatitis B16.9, B18.1, B18.2, B94.2 Hepatitis 43 4%

HIV-related
B20.1, B20.3, B20.6, B20.7, B20.8, B21.0, 
B21.2, B21.3, B22.2, B22.7, B24 HIV-related 14 1%
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Raw category ICD-10 Codes Coded category N % of total

Cardiovascular

I10, I11.0, I11.9, I12.0, I13.1, I21.9, I25.0, 
I25.1, I25.5, I25.8, I25.9, I26.9, I28.1, I33.0, 
I35.0, I35.1, I35.9, I38, I42.0, I42.2, I42.9, 
I49.0, I49.9, I50.0, I51.4, I51.6, I51.7, I51.8, 
I51.9, I60.8, I61.9, I62.9, I64, I67.7, I69.8, 
I71.0, I73.9, I80.2, Q23.1 Other 147 14%

Suicide X67, X70, X72, X73, X74, X78, X81, X83 Other 39 4%

Unintentional injury

V03.0, V03.1, V04.1, V05.9, V09.2, V13.4, 
V27.4, V43.5, V44.6, V47.5, V48.5, V57.5, 
V87.7, V89.2, V89.9, V94.3, W10, W18, 
W19, W65, W70, W80, X00, Y30, Y350, 
Y86 Other-trauma 47 5%

Homicide X93, X94, X95, X99, Y08, Y09 Other-trauma 18 2%

Cancer

C02.9, C10.9, C16.9, C18.9, C21.0, C22.0, 
C22.1, C22.9, C25.9, C34.9, C43.9, C44.6, 
C50.9, C53.9, C55, C56, C61, C62.9, C64, 
C67.9, C71.9, C76.0, C78.6, C79.8, C85.1, 
C85.9, C91.1, C92.0 Other-trauma 80 8%

Respiratory
J15.4, J18.0, J18.1, J18.9, J43.9, J44.0, 
J44.9, J45.9, J46, J69.0, J82, J84.1, J84.9 Other 54 5%

Liver-related
K70.0, K70.1, K70.3, K70.4, K70.9, K72.1, 
K72.9, K74.6, K75.9, K76.6, K76.9 Other 49 5%

Other

D57.0, D68.9, D84.9, F01.1, F32.9, F54, 
L02.4, L89, M19.9, M32.1, M80.9, R56.8, 
R99, X47, X59.9 Other 28 3%

Diabetes E10.1, E11.2, E11.9, E14.1, E14.5, E14.9 Other 13 1%

Infection & parasitic
A16.9, A19.9, A40.0, A41.9, A86, B94.8, 
B99 Other 12 1%

Endocrine, nutritional & 
metabolic E03.9, E46, E66.8, E66.9, E78.5, E87.2 Other 10 1%

Digestive
K22.9, K55.9, K56.5, K59.0, K65.0, K81.0, 
K92.9 Other 7 1%

Renal N03.9, N17.9, N18.0, N18.9, N39.0 Other 7 1%

Central nervous system
G00.2, G12.2, G35, G40.9, G47.3, G93.1, 
G96.9 Other 7 1%

Not found in ICD-10 
codebook K85.9, M72.6 Other 6 1%

Total 1031 100%

Appendix 2. Mortality, by cause according to episode type

Total Death occurred during time-period when patient was…

In-treatment Out-of-treatment

n % CMR 95% CI n % CMR 95% CI n % CMR 95% CI

Drug-relatedˆ 450 43.6 5.9 5.4 6.4 65 35.5 2.3 1.8 2.9 385 45.4 8.0 7.2 8.8

Hepatitis or HIV-related 57 5.5 0.7 0.6 1.0 10 5.5 0.4 0.2 0.7 47 5.5 1.0 0.7 1.3

 Hepatitis 43 4.2 0.6 0.4 0.8 7 3.8 0.2 0.1 0.5 36 4.2 0.7 0.5 1.0

 HIV-related 14 1.4 0.2 0.1 0.3 3 1.6 0.1 0.0 0.3 11 1.3 0.2 0.1 0.4

Other 524 50.8 6.8 6.3 7.4 108 59.0 3.8 3.1 4.6 416 49.1 8.6 7.9 9.5
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Total Death occurred during time-period when patient was…

In-treatment Out-of-treatment

n % CMR 95% CI n % CMR 95% CI n % CMR 95% CI

 Cardiovascular 147 14.3 1.9 1.6 2.3 38 20.8 1.3 1.0 1.8 109 12.9 2.3 1.9 2.7

 Trauma+ 104 10.1 1.4 1.1 1.6 22 12.0 0.8 0.5 1.2 82 9.7 1.7 1.4 2.1

All other causes# 273 26.5 3.6 3.2 4.0 48 26.2 1.7 1.3 2.2 225 26.5 4.7 4.1 5.3

Total 1,031 -- 13.4 12.7 14.3 183 17.7 6.4 5.5 7.4 848 82.3 17.6 16.5 18.8

ˆ
overdose (accidental poisoning by alcohol or other drugs), other drug-related (harmful alcohol or drug use or dependence)

+
suicide (intentional self-harm or self-poisoning), homicide, injury (accidental injury, traffic accidents)

#
cancer, respiratory disease, liver disease, diabetes, infections/parasites, endometriosis, digestive disease, renal disease, 

central nervous system, other, and unknown

See Appendix 1 for ICD-10 codes included in each category of mortality
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Figure 1. Crude mortality rates by cause of death according to in-treatment and out-of-
treatment periods
ˆ overdose (accidental poisoning by alcohol or other drugs), other drug-related (harmful 

alcohol or drug use or dependence)

+ suicide (intentional self-harm or self-poisoning), homicide, injury (accidental injury, 

traffic accidents)

# cancer, respiratory disease, liver disease, diabetes, infections/parasites, endometriosis, 

digestive disease, renal disease, central nervous system, other, and unknown

See Appendix 1 for ICD-10 codes incldued in each category of mortality.
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Table 1
Patient characteristics at first treatment admission

Died (n=1,031) Did not die (n=31,291) Total (n=32,322)

Mean (SD) / % Mean (SD) / % Mean (SD) / %

Age in years at admission*** 43.3 (12.9) 35.0 (12.3) 35.3 (12.4)

Female*** 25.1 36.1 35.8

Race/ethnicity: Hispanic 23.5 24.3 24.2

 White 60.8 61.1 61.1

 African American* 9.6 7.8 7.8

 Other 6.1 6.9 6.9

Education: < High School 31.1 29.9 30.0

 > High School/equivalent 68.9 70.1 70.1

Labor force participation*** 21.2 30.7 30.4

Legal status 14.8 14.6 14.6

Age at first use: <16*** 16.1 15.7 15.7

 16-21 35.3 40.6 40.5

 21-30 22.9 26.5 26.3

 >30 25.6 17.3 17.5

Injection drug user*** 67.1 54.8 55.2

Primary drug type: Heroin*** 70.7 63.1 63.4

 Other drugs 29.3 36.9 36.7

Primary drug use frequency: < Daily 21.9 22.1 22.1

 Daily 78.1 77.9 77.9

Secondary drug type: Heroin*** 2.1 2.0 2.0

 Prescription opioids 12.1 14.8 14.8

 Methamphetamine/cocaine 18.5 15.2 15.3

 Marijuana 4.4 6.6 6.6

 Alcohol 7.2 4.6 4.6

 None 55.7 56.8 56.8

Years from 1st primary drug use to 1st treatment episode is <5 years*** 21.3 33.9 33.5

 >= 5 and <10 years 14.4 20.9 20.7

 >=10 years 64.4 45.2 45.8

Mental illness*** 30.3 22.8 23.1

Medical problems, past 30 days*** 28.0 18.7 19.0

Has a disability*** 30.4 15.3 15.8

Diagnosed with HCV*** 24.5 12.2 12.6

Diagnosed with tuberculosis*** 4.1 2.1 2.1

Tested for HIV*** 73.1 65.1 65.4

Medi-Cal Beneficiary*** 36.1 26.8 27.1
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Note: There were missing responses on years from first primary drug use to first treatment episode (N=11) and age at first use (N=11); figures 
indicate known status.

*
p <0.05;

**
p <0.01;

***
p <0.001
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Table 4
Factors associated with mortality among individuals accessing pharmacological treatment 
for opioid dependence in California, 2006-2010

(n=90,509 episodes as experienced by 32,222 individuals, of whom 1,031 died)

All-cause (n=1,031) Cause-specific

Drug-related (n=450) HCV/HIV (n=57) Other causes (n=524)

Model 1a 2ai 2bi 2ci

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Episode type (ref. out-of-treatment)ˆ

 Detoxification 0.22 (0.13, 0.36) 0.12 (0.05, 0.28) 0.28 (0.04, 2.24) 0.34 (0.18, 0.64)

 Maintenance treatment 0.27 (0.23, 0.32) 0.24 (0.18, 0.33) 0.19 (0.09, 0.40) 0.30 (0.23, 0.37)

Primary drug (ref. daily heroin)ˆ

 Daily prescription opioids 1.02 (0.86, 1.22) 0.84 (0.65, 1.09) 1.11 (0.48, 2.56) 1.23 (0.96, 1.58)

 Non-daily prescription opioids 0.78 (0.62, 0.99) 0.57 (0.39, 0.82) na 1.13 (0.82, 1.55)

 Non-daily heroin 1.14 (0.97, 1.35) 0.95 (0.74, 1.22) 1.28 (0.68, 2.39) 1.34 (1.07, 1.67)

Model 1b 2aii 2bii 2cii

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Episode type (ref. out-of-treatment)ˆ

 Detoxification with no prior maintenance 
treatment 0.21 (0.13, 0.35) 0.11 (0.05, 0.27)

0.28# (0.03, 2.22)
0.33 (0.17, 0.65)

 Detoxification with prior maintenance 
treatment 0.63 (0.16, 2.53) 0.62 (0.09, 4.45) 0.69 (0.10, 4.91)

 Maintenance treatment with no prior 
detoxification 0.30 (0.25, 0.37) 0.26 (0.18, 0.36) 0.17 (0.07, 0.41) 0.34 (0.26, 0.44)

 Maintenance treatment with prior 
detoxification 0.20 (0.14, 0.28) 0.21 (0.12, 0.35) 0.25 (0.08, 0.82) 0.19 (0.11, 0.31)

Primary drug (ref. daily heroin)ˆ

 Daily prescription opioids 1.02 (0.86, 1.22) 0.84 (0.65, 1.09) 1.11 (0.48, 2.56) 1.24 (0.96, 1.58)

 Non-daily prescription opioids 0.79 (0.62, 1.01) 0.57 (0.39, 0.83) na 1.15 (0.84, 1.59)

 Non-daily heroin 1.15 (0.98, 1.35) 0.95 (0.74, 1.23) 1.28 (0.68, 2.38) 1.34 (1.07, 1.68)

ˆ
time-varying variable. HR= Hazard Ratio; 95% CI = 95% confidence interval. Bolded values are statistically significant.

24 observations were deleted due to missingness.

Other variables included in each model and statistically significant but not shown above include: age, gender, race/ethnicity, has a disability,ˆ labor 

force status,ˆ Medi-Cal beneficiary,ˆ mentally ill,ˆ has hepatitis C,ˆ has tuberculosis,ˆ hospital stay in past 30 days,ˆ been tested for HIV.ˆ

Other variables included in each model but not statistically significant and not shown above include: educational attainment, years from 1st primary 

drug use to 1st treatment episode,ˆ criminal justice system involved,ˆ and secondary drug type.ˆ

#
Due to the relatively few HCV/HIV-related deaths, detoxification with and without prior MMT were collapsed into one category when treatment 

experiences were examined (Model 2bii).
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