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Objective: The authors examined associations between medi-
cations for alcohol and opioid use disorders (acamprosate,
naltrexone, methadone, and buprenorphine) and suicidal be-
havior, accidental overdoses, and crime.

Method: In this total population cohort study, 21,281 indi-
viduals who received treatment with at least one of the four
medicationsbetween2005and2013were identified.Dataon
medication use and outcomes were collected from Swedish
population-based registers. A within-individual design (using
stratified Cox proportional hazards regression models) was
used to compare rates of suicidal behavior, accidental over-
doses, and crime for the same individuals during the period
when they were receiving the medication compared with the
period when they were not.

Results: No significant associations with any of the primary
outcomeswere found for acamprosate. Fornaltrexone, there

was a reduction in the hazard ratio for accidental overdoses
during periods when individuals received treatment com-
pared with periods when they did not (hazard ratio=0.82,
95% CI=0.70, 0.96). Buprenorphine was associated with
reduced arrest rates for all crime categories (i.e., violent, non-
violent, and substance-related) as well as reduction in acci-
dental overdoses (hazard ratio=0.75, 95%CI=0.60, 0.93). For
methadone, there were significant reductions in the rate of
suicidal behaviors (hazard ratio=0.60, 95%CI=0.40–0.88) as
well as reductions in all crime categories. However, there was
an increased risk for accidental overdoses among individuals
taking methadone (hazard ratio=1.25, 95% CI=1.13, 1.38).

Conclusions: Medications currently used to treat alcohol
and opioid use disorders also appear to reduce suicidality
and crime during treatment.

Am J Psychiatry 2018; 175:970–978; doi: 10.1176/appi.ajp.2018.17101112

Public health consequences of substance use disorders in-
clude premature mortality, infectious diseases, and chronic
health problems (1) as well as criminality (2). In particular,
deaths from overdoses of prescription and illicit opioids have
increased in many countries, contributing to substantially
reduced life expectancy (3). Additionally, nonfatal overdoses
are common. Studies have shown that 30%280% of persons
who use illicit drugs regularly, by injection or by other
methods of consumption, have experienced at least one non-
fatal overdose (4). Furthermore, the nonmedical use of pre-
scription opioids has increased (5) and has been suggested as
a risk factor for heroin use (6).

The most commonly prescribed medications to treat al-
cohol usedisorder are acamprosate andnaltrexone (7),which
are associated with reductions in alcohol consumption (8).
For opioid use disorder, the most commonly prescribed
medications are naltrexone, buprenorphine, and methadone
(9). The efficacy of these medications in reducing illicit drug

use has been shown to be stronger than the efficacy of psy-
chological treatments (10). Additionally, these medications
improve psychosocial functioning (11). However, their effect
on other adverse outcomes, such as suicidal behavior and
crime, is uncertain. This is due in part to trials not having
sufficient size or follow-up time to examine rare outcomes
(10, 12). Furthermore, many randomized controlled trials
have limited generalizability to real-world practice, because
they often exclude patients who have comorbid psychiatric
disorders (13).

Here, we used a large population-based cohort of indi-
viduals who received prescriptions for medications for an
alcohol or opioid use disorder (i.e., acamprosate, naltrexone,
methadone, and buprenorphine), and we investigated the
association of these medications with suicidal behavior, ac-
cidental overdoses, and crime. We used a within-individual
design that compared rates of suicidal behavior, accidental
overdoses, and crimes for the same individuals during the
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period when they were taking these medications with the
period when they were not. This design accounts for time-
invariant factors, such as early environment and genetics,
and confounding by indication—namely, that individuals who
receive prescriptions for these medications may have back-
ground risks that differ from those of persons who do not.

METHOD

Participants
We examined data for individuals in Sweden who were
treated with a medication for an alcohol or opioid use disor-
der (acamprosate, naltrexone, methadone, or buprenorphine)
during the period 2005–2013.

Study Design
Awithin-individual design (a variant of self-controlled case
series), with stratifiedCox proportional hazards regression
models, was used to examine associations between medi-
cations and outcomes, with each individual entered as a
separate stratum in the analysis and serving as his or her
own control. Therefore, the obtained hazard ratio was
adjusted for (i.e., stratified on) all potential time-invariant
confounders for each individual (e.g., genes, all factors be-
fore the start of the follow-up period, and all factors that
did not change during follow-up). In this design, only
individuals who changedmedication status during the follow-
up period contributed directly to the estimate. All other in-
dividuals contributed indirectly to the estimate through the
effects of other covariates (e.g., age) on the estimate. Conse-
quently, all individuals were included in the analyses and
contributed either directly (i.e., individuals who experienced
the outcome) or indirectly (i.e., the remaining individuals in
the cohort) to the estimate. Because the covariates in this
design are time-varying, we did not test for the proportional
hazards assumption. This design is increasingly used in
pharmacoepidemiological studies in psychiatry (14), and
further details are provided elsewhere (15).

Measures
Register linkage. Data on all individuals were collected from
Swedish population-based registers with national coverage and
linked through each individual’s unique identification number.

Medications. We extracted information on medications
approved in Sweden for treating alcohol use disorder
(acamprosate: Anatomical Therapeutic Chemical [ATC]
classification system code N07BB03 and oral naltrexone:
ATC code N07BB04) and for treating opioid use disorder,
mainly heroin use (methadone [ATC code N07BC02], bupre-
norphine [ATC code N07BC01] and buprenorphine-naloxone
combination [ATCcodeN07BC51]). Informationwas extracted
from the Swedish Prescribed Drug Register, which iden-
tifies prescriptions collected (i.e., “dispensed”) from all phar-
macies and addiction treatment centers in Sweden since
July 2005 (for further details, see the online supplement).

Suicidal behavior. Suicidal behavior was defined as suicide
attempts or deaths by suicide (ICD-10 codes X60–X84).
Information on suicide attempts was collected from the
Swedish National Patient Register, which includes all ad-
missions to all hospitals as well as outpatient contacts with
specialized secondary care. Information on deaths by sui-
cide was collected from the Swedish Cause of Death Register
(for further details, see the Methods section in the online
supplement).

Accidental overdoses. Information on emergency department
visits or deaths due to accidental overdoses (ICD-10 codes
T36–T50, X40–X49, F10.0–F19.0) was collected from the
Swedish National Patient Register and Cause of Death
Register, respectively. This included accidental poisoning
and acute intoxication by alcohol, by illicit drugs, by medi-
cations, or by biological substances and excluded inten-
tional self-poisoning (ICD-10 codes X60–X69).

Crime. Information on arrests was extracted from the
Swedish Register of Persons Suspected of Offenses, which
includes all individuals arrested for a crime after a com-
plete investigation by police, the customs authority, or the
prosecution service (16). Information on convictions was
extracted from the Swedish National Crime Register, in-
cluding all convictions in Swedish district courts (for
further details, see the Methods section in the online
supplement).

Other measures. Detailed information pertaining to other
measures is summarized in theMethods section in the online
supplement.

Treatment Periods
Reflecting clinical prescribing practice (17, 18), treatment
periods with acamprosate and naltrexone were defined as a
series of collected prescriptions with no more than 15 days
between two collected prescriptions. A treatment period
started on the date of the first collected (i.e., dispensed)
medication and ended on the same date as the last collected
prescription in that series (i.e., the last collected prescrip-
tion that was within 15 days of a previous prescription). If
a prescription was collected more than 15 days after the
previous prescription, a nontreatment periodwas considered
to have started on the day after the last collected prescription.
A new treatment period was considered to have started again
on thedayof thenext collectedprescription.Defining the end
of a treatment period as the day of the last collected pres-
cription allows for a more conservative estimate of medica-
tion exposure, which could result in lower sensitivity (i.e.,
individuals are classified as nonmedicated when theymay be
taking a medication) and underestimation of associations.

For methadone and buprenorphine, treatment periods
were defined in the same manner but with no more
than 8 days between two collected prescriptions. For all
medications, single prescriptions were excluded due to
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uncertainty of medication adherence (for further details, see
the Methods section in the online supplement).

We followed the Strengthening the Reporting of Obser-
vational studies in Epidemiology guidelines (see the online
supplement).

The study was approved by the Regional Ethical Review
Board in Stockholm.

Statistical Analyses
Follow-up started on September 1, 2005, or on the date of
migration to Sweden, the first day of release from prison, the
first day of secure residential homes for juveniles, or the first
day of hospitalization. Observations were censored on De-
cember 31, 2013, or in the event of death or permanent mi-
gration from Sweden. Follow-up was divided into periods of
treatment and nontreatment. To account for time at risk, we
excluded time spent in prison, secure residential homes for
juveniles, hospitals, or interimmigration. First, we examined
the four primary outcomes: suicidal behavior, accidental
overdoses, any arrests, and arrests for violent crimes. Second,
we examined arrests for other crime categories: substance-
related and nonviolent crimes. Third, we investigated con-
victions (rather than arrests). We adjusted for age by coding
age as a categorical time-varying covariate, with one cate-
gory for each whole year. Additionally, we used a quadratic
function for age to allow for nonlinear effects.

Sensitivity analyses. To account for the possibility of reverse
causality (i.e., that an individual was prescribed medication
because of one of the examined outcomes), we performed

sensitivity analyses excluding individuals who initiated a
treatment period within 3 months after experiencing the
studied outcome (e.g., individuals who initiated a naltrexone
treatment period within 3 months after being treated for an
accidental overdose).

To further examine associations with suicidal behavior,
we conducted analyses using the method of suicidal behav-
ior (poisoning or other methods) as outcome. Additionally,
we adjusted for concurrent exposure to antidepressants
(ATC code N06A) and benzodiazepines (ATC codes N05B
and N05C), separately, as time-varying covariates. We then
excluded all medication periods with concurrent antide-
pressant or benzodiazepine treatment (e.g., co-occurring
acamprosate and antidepressant treatment). Furthermore,
we examined the hazard of suicidal behavior in each co-
hort by using benzodiazepines as an exposure and suicidal
behavior as an outcome in within-individual analyses (for
further details, see the Methods section in the online
supplement).

To exclude the possibility of polypharmacologic inter-
actions among individuals treated with methadone or
buprenorphine, we performed within-individual analyses in
which we excluded individuals who were also treated with
acamprosate during follow-up assessment (naltrexone was
not excluded, because it is contraindicated for concurrent
use with opioid medications).

We tested for nonspecific treatment effects (e.g., contact
with medical services) by using penicillin (ATC code JC01)
and adrenergic inhalants (e.g., albuterol/salbutamol [ATC
code R03A]), respectively, as alternative exposures in the

TABLE 1. Baseline Characteristics of Participants Treated for Alcohol or Opioid Use Disorder by Medication Prescribed (2005)

Characteristic

Acamprosate Cohort
(N=10,309)

Naltrexone Cohort
(N=4,389)

Buprenorphine Cohort
(N=3,320)

Methadone Cohort
(N=5,449)

N % N % N % N %

Sex
Women 3,304 32.1 1,585 36.1 885 26.7 2,123 39.0
Men 7,005 67.9 2,804 63.9 2,435 73.3 3,326 61.0

Age (years)
,20 295 2.9 230 5.2 216 6.5 113 2.1
20–29 748 7.3 456 10.4 1,253 37.7 802 14.7
30–39 1,651 16.0 792 18.1 983 29.6 1,110 20.4
40–49 2,817 27.3 1,161 26.5 675 20.3 1,441 26.5
50–59 2,859 27.7 1,019 23.2 169 5.1 946 17.4
60–69 1,613 15.6 595 13.6 21 0.6 946 10.7
.69 326 3.2 136 3.1 3 0.1 453 8.3

Sociodemographic variables
Unmarried or divorced 6,469 62.8 3,015 68.7 2,862 89.5 3,575 69.9
Employed 5,313 51.5 1,782 40.6 639 19.8 1,202 22.5
Receiving social welfare 1,441 14.0 825 18.8 1,961 60.9 1,825 34.1
Receiving disability pension 2,674 25.9 1,406 32.0 650 20.2 2,076 38.8

Lifetime psychiatric and substance use
disorder diagnoses
Alcohol use disorder 7,685 74.6 3,426 78.5 1,146 34.5 1,251 23.0
Substance use disordera 2,359 22.9 1,478 33.7 3,293 99.2 3,343 61.4
Psychotic disorders 966 9.4 745 17.0 330 9.9 334 6.1
Bipolar disorder 896 8.7 583 13.3 160 4.8 188 3.5

a In this category, we report substance use disorders other than alcohol use disorder.
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methadone and buprenor-
phine cohorts. The choice of
these alternative medica-
tions was determined on the
basis of theoretical reasons
for not being associated with
the tested outcomes (for
further details, see the Meth-
ods section in the online
supplement).

RESULTS

In the total population of
Sweden, we identified 21,281
individualswhowere treated
with medications for alco-
hol or opioid use disorder
between 2005 and 2013. Of
these, 10,309 individuals were
treated with acamprosate,
4,389 with naltrexone, 3,320
with buprenorphine, and
5,449 with methadone. Be-
tween 61% and 73% of these subgroups were men. The
demographic characteristics of the study population are
summarized in Table 1. The mean follow-up time for
participants was 7.6 years (SD=1.9).

During the follow-up period, 14.3% (N=1,472) of individuals
in the acamprosate cohort, 21.0% (N=916) in the naltrexone
cohort, 19.3% (N=639) in the buprenorphine cohort, and 11.6%
(N=629) in the methadone cohort were treated for or died as
a result of suicidal behavior. Furthermore, 29.3% (N=3,025)
of individuals in the acamprosate cohort, 37.1% (N=1,626) in
the naltrexone cohort, 40.5% (N=1,343) in the buprenorphine
cohort, and 28.2% (N=1,536) in themethadone cohort received
treatment for or died as a result of an accidental overdose.
Additionally, 37.3% (N=3,848) of individuals in the acampro-
sate cohort, 43.3% (N=1,900) in the naltrexone cohort, 82.5%
(N=2,739) in the buprenorphine cohort, and 45.9% (N=2,504)
in the methadone cohort were arrested at least once during
the follow-up period (Figure 1).

Associations With Primary Outcomes (Suicidal
Behavior, Accidental Overdoses, Any Arrests, and
Arrests for Violent Crime)
Acamprosate. No associations of statistical significance were
observed with any of the primary outcomes for acamprosate
(Table 2, Figure 2).

Naltrexone. Among individuals who received prescriptions for
naltrexone, thehazard ratio for accidental overdoseswas reduced
during periods when they were taking the medication com-
paredwith periodswhentheywerenot (hazardratio=0.82,95%
CI=0.70, 0.96). No other significant associations were found
for this medication (Table 2, Figure 2).

Buprenorphine. Significant reductions were found for
overall arrest rates with use of buprenorphine (hazard
ratio=0.77, 95% CI=0.72, 0.84) as well as for arrests for
violent crime (hazard ratio=0.65, 95% CI=0.50, 0.84). A
decreased hazard ratio was associated with accidental
overdoses (hazard ratio=0.75, 95%CI=0.60, 0.93) (Table 2,
Figure 2).

Methadone. Among individuals who received prescrip-
tions for methadone, there was a 40% reduction in sui-
cidal behavior during periods when they were taking the
medication compared with when they were not (hazard
ratio=0.60, 95% CI=0.40, 0.88). Additionally, significant
reductions were associated with overall arrest rates (haz-
ard ratio=0.87, 95% CI=0.83, 0.91) as well as arrest rates for
violent crime (hazard ratio=0.84, 95% CI=0.73, 0.96). A
significant increased hazard of 25% was associated with
accidental overdoses (hazard ratio=1.25, 95% CI=1.13, 1.38)
(Table 2, Figure 2).

Associations With Secondary Outcomes (Arrests
for Nonviolent and Substance-Related Crime
and Convictions)
Acamprosate. Acamprosate was associated with reductions
in substance-related convictions (hazard ratio=0.69, 95%
CI=0.48, 0.99) but not with other secondary outcomes
(Table 3).

Naltrexone. Prescriptions for naltrexone were associated
with reductions in substance-related convictions (hazard
ratio=0.51, 95% CI=0.30, 0.86) (Table 3).

FIGURE 1. Percentage of Individuals Who Experienced an Adverse Outcome During Follow-Up by
Medication Cohort (2005–2013)a
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a The mean follow-up time was 7.6 years (SD=1.9).
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Buprenorphine. Buprenorphine was associated with reduc-
tions in arrests for nonviolent and substance-related crimes
as well as convictions for all crime categories (Table 3).

Methadone. Methadone was associated with reduced rates
of arrests for nonviolent and substance-related crimes and
with lower conviction rates for any crime and for substance-
related crime (Table 3).

Sensitivity analyses. To account for the possibility of reverse
causality, we excluded individuals who started taking their
prescribed medication within 3 months after experiencing
the studied outcome. When we excluded individuals who
were treated with acamprosate within 3 months after ex-
periencing an accidental overdose, we observed a significant
decreased hazard ratio (hazard ratio=0.88, 95% CI=0.80,
0.99). In these subanalyses, naltrexone was associated with a
significant decrease in suicidal behaviors (hazard ratio=0.80,
95% CI=0.67, 0.95) and overall arrests (hazard ratio=0.85,
95% CI=0.74, 0.97). For buprenorphine, results in the sen-
sitivity analyseswere similar to those in the primary analyses.
For methadone, the increased risks of accidental overdoses
were no longer statistically significant (for further details,
see Table S1 in the online supplement).

When examining suicidal behavior further, we first ad-
justed for concurrent use of antidepressants and then excluded
all medication periods with co-occurring antidepressant
treatment.Associations remainedsimilar to thoseobserved in
the main analyses. When examining the method of suicidal
behavior (i.e., poisoning or other) separately, reductions in
suicidal behavior remained significant for methadone (for
further details, see Table S2 in the online supplement).

We then excluded individuals who were prescribed
acamprosate in order to account for the possibility of poly-
pharmacologic interactions among individuals taking me-
thadone or buprenorphine. Results remained similar to those
of the overall main analyses (for further details, see Table S3
in the online supplement).

We used penicillin and adrenergic inhalants as negative
controls to test for nonspecific treatment effects. No signif-
icant associations were found for penicillin. For adrenergic
inhalants, significant reductions were associated with any
crime that resulted in an arrest (hazard ratio=0.71, 95%
CI=0.65, 0.78) (for further details, see Table S4 in the online
supplement).

We adjusted for concurrent benzodiazepine treatment.
Associations remained similar to those observed in the
main analyses—that is, methadone treatment was associ-
ated with significant reductions, and no other significant
associations were found. When all medication periods
with co-occurring benzodiazepine treatment were ex-
cluded, reduced hazard ratios were no longer significant
for methadone treatment, and no other significant asso-
ciations were observed. We also examined the risk of
suicidal behavior in each cohort by using benzodiazepines
as exposure and suicidal behavior as outcome. Results showed
increased hazard ratios for suicidal behavior among indi-
viduals in the acamprosate and naltrexone cohorts who
were taking benzodiazepines (acamprosate cohort, hazard
ratio=1.54, 95% CI=1.34, 1.76; naltrexone cohort, hazard
ratio=1.45, 95% CI=1.28, 1.64). Individuals in the methadone
and buprenorphine cohorts showed no significant asso-
ciations (for further details, see Table S5 in the online
supplement).

TABLE 2. Hazard Ratios and Incidence Rates of the Primary Outcomes for Treatment Periods ComparedWith Nontreatment Periods for
the Same Persona

Medication and Outcome Hazard Ratio 95% CI p Number of Events
Incidence (Per 1,000

Person-Years)

Acamprosate
Suicidal behavior 1.02 0.85, 1.22 0.826 3,940 48.5
Accidental overdoses 0.94 0.83, 1.06 0.290 11,010 135.5
Any arrest 0.98 0.88, 1.10 0.750 15,486 190.5
Arrests for violent crime 0.84 0.61, 1.15 0.278 2,609 32.1

Naltrexone
Suicidal behavior 0.87 0.73, 1.03 0.094 3,425 99.8
Accidental overdoses 0.82 0.70, 0.96 0.011 6,724 195.9
Any arrest 0.91 0.80, 1.05 0.202 9,182 267.5
Arrests for violent crime 0.85 0.59, 1.21 0.365 1,529 44.5

Buprenorphine
Suicidal behavior 0.60 0.29, 1.23 0.161 829 45.3
Accidental overdoses 0.75 0.60, 0.93 0.009 2,869 156.9
Any arrest 0.77 0.72, 0.84 ,0.001 25,834 1412.8
Arrests for violent crime 0.65 0.50, 0.84 0.001 3,923 214.5

Methadone
Suicidal behavior 0.60 0.40, 0.88 0.009 882 27.9
Accidental overdoses 1.25 1.13, 1.38 ,0.001 4,305 135.9
Any arrest 0.87 0.83, 0.91 ,0.001 24,866 785.2
Arrests for violent crime 0.84 0.73, 0.96 0.013 3,787 119.6

a The primary outcomes are suicidal behavior, accidental overdoses, overall arrests, and arrests for violent crime.
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DISCUSSION

In this population-based
study of 21,281 individuals
who were prescribed med-
ications for an alcohol or
opioid use disorder, we found
heterogeneity with regard
to the effect of these medica-
tions on suicidal behavior, acci-
dental overdoses, and crime.
Using a within-individual de-
sign that accounted for fac-
tors that remain constant for
an individual (e.g., genetic
risks and early environment),
we found significant reduc-
tions in the rate of suicidal
behavior when individuals
were dispensed methadone
compared with when they
were not. Additionally, we
observed reductions in ar-
rests in the methadone and
buprenorphine cohorts, and
a similar pattern was found
for violent and substance-
related arrests. No signifi-
cant reductions in suicidal
behavior or arrests were found
in the acamprosate and nal-
trexone cohorts. When in-
vestigating accidental overdoses, we found that naltrexone
and buprenorphine were associated with reduced rates; how-
ever, there was an increased risk associated with meth-
adone treatment.

The reductions in a wide range of adverse outcomes as-
sociated with several of the medications could be seen as a
proxy for their overall effectiveness in treating substance
use disorders. There are three principal implications of
these findings. First, they support the potential role of
methadone in reducing suicidal behavior among individ-
uals with opioid use disorder. Deaths by suicide and self-
harming behavior are a public health priority, and the efficacy
of various pharmacological approaches to address these
concerns remains uncertain (19). However, our findings
here, which are consistent with a small body of trial evi-
dence regarding the use of naltrexone and buprenorphine
(20, 21), suggest enhancing the timely and appropriate
prescription of opioid medications as an important strat-
egy to reduce adverse outcomes related to opioid use
disorder.

The second implication is the potential for use of such
medications to reduce crime. There is a lack of consistency in
the availability and policies regarding how these medi-
cations are used in the criminal justice system (22), even

though opioid therapies have demonstrated clear reductions
in reincarceration risk (23) and violent reoffending risk
among individuals released from prison (24).

The third implication lies in the heterogeneity of the
findings in relation to accidental overdoses, which may be
explained by differences in the mechanisms of the medica-
tions. We found increased hazard ratios for methadone,
which is a full opioid agonist with no ceiling to its effects on
respiratory depression and sedation. Furthermore, metha-
done blocks the opioid receptors that bind other opioids
(25). However, lower doses may not be sufficient to prevent
withdrawal symptoms and cravings, which could result in the
use of supplementary illicit drugs, thus increasing the risk
of accidental overdoses. It has been proposed that patients
receiving lower methadone doses are at heightened risk for
relapse (25) and that mortality is higher in the early phases
of methadone treatment (26). We found reduced associa-
tions with accidental overdoses in the buprenorphine and
naltrexone cohorts. Buprenorphine is a partial agonist with
high affinity to the opioid receptor butweaker opioid effects
compared with methadone, and it has a plateau of effect
at increased doses and a lower risk of overdose (27). Nal-
trexone is an opioid antagonist that blocks opioid activity
and thus could decrease the risk of accidental overdoses

FIGURE 2. Risk Hazard Ratios of Adverse Primary Outcomes for Treatment Periods Compared With
Nontreatment Periods for the Same PersonDispensedMedication for Alcohol or Opioid Use Disordera

Suicidal behavior

Acamprosate

Naltrexone
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0.65 (0.50, 0.84)

0.84 (0.73, 0.96)

Hazard Ratio (95% CI)

0.4 0.6 0.8 1 1.25 1.5

a The primary outcomes are suicidal behavior, accidental overdoses, overall arrests, and arrests for violent crime.
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from opioids. However, case reports have suggested an
increased risk of opioid overdoses among patients who
“break through” naltrexone’s opioid blockwith large doses
of opioids (28).

In terms of clinical implications, the possible implica-
tions above need to be interpreted in the context of the
potential risks of these medications, such as accidental
overdoses with methadone. For naltrexone, there is a
potential risk of reduced tolerance in opioid users. This
could increase the risk of opioid overdose among in-
dividuals who discontinue naltrexone treatment and
restart opioid use (29). However, the evidence is incon-
sistent (28, 30). Other clinical implications are the need to
ensure that individuals are taking the correct dose of
methadone and the importance of screening and treating
co-occurring substance use disorders. Among individu-
als at high risk of accidental overdose, buprenorphine
could be considered as a first-line treatment (31). How-
ever, methadone has been shown to be superior to bu-
prenorphine in retaining patients in treatment (32),
and replications of our reported finding of increased
accidental overdose risk associated with methadone
are required before changes to routine practice are
recommended.

Strengths and Limitations
The strengths of this observa-
tional study include its large
sample size, testing across
multiple adverse outcomes,
and a within-individual
design that accounted for
confounding by indication
and other time-invariant
confounders. A traditional
Cox model (i.e., a between-
individual design) would
have been liable to con-
founding, particularly con-
founding by indication (15),
even when adjusting for mea-
sured confounders.

A number of important
limitations need to be con-
sidered. The findings are
associations, and causal
inferences should not be
drawn. It was not possible
to exclude the potential ef-
fect of contact with medical
services, such as psychoso-
cial interventions provided
at the same time the medi-
cations were taken. This
may beparticularly relevant
in relation to lower rates
of suicidal behavior in the

methadone cohort, since Swedish guidelines recommend
monthly nursing appointments for opioid medications.
However, the heterogeneity of the findings across dif-
ferent medications and outcomes would argue against
health care contact entirely explaining these findings.
Swedish guidelines recommend supervision for suicidal
behavior for patients treated with acamprosate, yet we
found no association between acamprosate and suicidal
behavior. Additionally, we found no significant associa-
tions for suicidal behavior or accidental overdoses when
we used penicillin and adrenergic inhalants as negative
controls. However, there were reductions associated with
any crime with adrenergic inhalants, which could suggest
nonspecific treatment effects for this outcome.

Differences in service provision may affect the gener-
alizability of our findings. The rates of illicit opioid use are
similar across the United States and Sweden (1.5% of the
population in the United States, and 1.8% in Sweden) (33,
34).However, only 15%220%of individualswith opioid use
disorder are estimated to receive opioid treatment in the
UnitedStates (35) comparedwithmore than 70% inSweden
(36). Results could be affected by a potential bias toward
the null due to misclassification of exposures or outcomes.
On the other hand, this should reduce the hazard ratios

TABLE3. HazardRatios of theSecondaryCrimeOutcomes for theTreatmentPeriodsComparedWith
the Nontreatment Periods for the Same Person

Medication and Outcome Hazard Ratio 95% CI p Number of Events

Acamprosate
Arrests for nonviolent crime 0.99 0.87, 1.13 0.878 11,458
Arrests for substance-related crime 0.79 0.58, 1.07 0.126 4,165
Conviction for any crime 0.93 0.80, 1.08 0.367 9,247
Conviction for violent crime 1.05 0.69, 1.60 0.811 1,615
Conviction for nonviolent crime 1.03 0.85, 1.24 0.767 5,468
Conviction for substance-related

crime
0.69 0.48, 0.99 0.041 3,467

Naltrexone
Arrests for nonviolent crime 0.90 0.76, 1.05 0.153 6,917
Arrests for substance-related crime 0.69 0.47, 1.01 0.057 2,221
Conviction for any crime 0.86 0.70, 1.07 0.174 5,325
Conviction for violent crime 0.70 0.39, 1.26 0.234 986
Conviction for nonviolent crime 0.88 0.67, 1.16 0.364 3,273
Conviction for substance-related

crime
0.51 0.30, 0.86 0.011 1,754

Buprenorphine
Arrests for nonviolent crime 0.78 0.71, 0.86 ,0.001 18,548
Arrests for substance-related crime 0.71 0.62, 0.83 ,0.001 9,789
Conviction for any crime 0.74 0.67, 0.81 ,0.001 18,562
Conviction for violent crime 0.44 0.23, 0.83 0.012 1,106
Conviction for nonviolent crime 0.75 0.66, 0.84 ,0.001 11,820
Conviction for substance-related

crime
0.61 0.52, 0.72 ,0.001 8,470

Methadone
Arrests for nonviolent crime 0.89 0.47, 0.94 ,0.001 18,070
Arrests for substance-related crime 0.77 0.70, 0.84 ,0.001 8,812
Conviction for any crime 0.89 0.84, 0.94 ,0.001 17,716
Conviction for violent crime 1.05 0.75, 1.48 0.764 1,026
Conviction for nonviolent crime 0.99 0.93, 1.06 0.791 11,832
Conviction for substance-related

crime
0.67 0.61, 0.74 ,0.001 7,359
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reported and would suggest that our estimates are under-
estimates. Furthermore, the hazard ratio takes into account
the timing of an event rather than the number of events over
time.

Even though we applied a more conservative estimate
of medication exposure (defining periods of more than 8
or 15 days between collected prescriptions as nontreatment
periods),wedid not have data onmedication adherence. This
problem is similar to nonadherence in clinical trials, and
thus the within-individual estimate is comparable to an
intention-to-treat analysis. However, individuals who take
opioid medication receive their daily dose under medical
supervision for at least the first 6 months of treatment, en-
suring adherence. Furthermore, distinguishing suicidal be-
havior from accidental overdoses is challenging (37), and
some deaths by suicidemay have been classified as accidental
overdoses due to uncertain evidence, overlapping risk fac-
tors, or stigma (37). Thus, suicidal behavior could be under-
estimated, while accidental overdoses may be overestimated.

Suicide risks in the naltrexone cohort may have been
diluted because our data did not distinguish whether the in-
dication for treatment was alcohol or opioid use disorder. In
Sweden, naltrexone is only approved for treating alcohol use
disorder, although a proportion may have been prescribed
off-label. Moreover, benzodiazepines are often prescribed to
treat alcohol use disorder and are associated with an increased
risk of suicidal behavior in epidemiological studies (38). In our
study, adjustment for the concurrent use of benzodiaze-
pines did not change associations between medications
and suicidal behavior. Benzodiazepines, however, were in-
dependently associated with increased hazard ratios for sui-
cidal behavior in the acamprosate and naltrexone cohorts.
These findings require further examination in other settings,
because we did not have information on the indication (e.g.,
alcohol use disorder or anxiety) for the prescription. Finally,
the use of official registers may have led to underestimation
of true outcome rates and possibly involved selection effects.

CONCLUSIONS

In this study of individuals prescribed medications for al-
cohol or opioid use disorder in Sweden, we found potentially
important associations with reduced suicidal behavior and
criminality. If validated using other designs, evidence-based
pharmacologic treatment has the potential to reduce the
substantial burden of morbidity among individuals with sub-
stance use disorders.
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