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ABSTRACT 

Substance use disorders are a substantial health and social burden, and 

increase the risk of premature death. The treatment of substance use 

disorders can be remarkably improved with pharmacotherapy; however, 

pharmacological treatments are underused, partly due to insufficient 

knowledge about the comparative effectiveness of different medications. 

Health authorities have approved medications for the treatment of alcohol 

use disorder (AUD) and opioid use disorder (OUD), while no officially 

accepted pharmacotherapy for (meth)amphetamine use disorders (MAUD) 

is currently available. Studies concerning the efficacy of medications used 

to treat substance use disorders are generally limited due to small and 

highly specific patient populations, along with low rates of treatment 

adherence or completion. As such, real-world studies on the effectiveness 

of these medications which would involve large cohorts and long follow-up 

periods are rare or do not exist. 

The research underlying this dissertation aimed to investigate the real-

world effectiveness of pharmacotherapies for persons with AUD, OUD and 
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MAUD based on long-term outcomes, such as hospitalisation and death. 

The data were gathered prospectively between July 1, 2006 and December 

31, 2016 from Swedish nationwide registers, such as the National Patient 

Register (NPR), Causes of Death Register, LISA Register (The Longitudinal 

Integration Database for Health Insurance and Labor Market Studies), 

MiDAS Register (Micro Data for Analyses of Social Insurance), and 

Prescribed Drug Register (PDR). The data present in different registers can 

be linked through a unique personal identification number. All Swedish 

residents aged 16–64 with a diagnosis of either AUD or MAUD (Studies I 

and III), or who had purchased medication for OUD (Study II) were included 

in the research. In the case of Study III, the follow-up time was extended 

until December 31, 2018. Recurrent outcomes, such as hospitalisation, 

were analysed via within-individual models to eliminate selection bias. In 

this model, individual acts as his or her own control and only factors which 

vary over time (e.g., temporal order of treatments, concomitant use of 

medications and time since cohort entry) need to be adjusted for. In 

addition to the within-individual approach, the main outcomes were also 

analysed using a between-individual model to ensure that the results 

represent all members of the study cohort. One-time-events, such as 

death, were also analysed using the between-individual approach. 

The results of Study I showed that only 25% of patients diagnosed with 

AUD used any type of AUD medication during the follow-up period. The 

use of naltrexone, either alone or combined with acamprosate or 

disulfiram, was associated with a reduced risk of hospitalization due to 

AUD (a reduction of 11%, 26% and 24%, respectively) when compared with 

no use of AUD medications. Furthermore, the concomitant use of different 

AUD medications or the use of disulfiram were associated with a reduced 

risk of alcohol-related hospitalisation (reductions of 69% and 39%, 

respectively). The results of Study II revealed that the use of 

buprenorphine or methadone was associated with reduced risk of 

hospitalisation due to OUD (reductions of 27% and 26%, respectively), all-

cause mortality (reductions of 55% and 49%, respectively), and death due 

to external causes (reductions of 61% and 60%, respectively), compared 
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with no use of OUD medications. The longer duration of treatment was 

associated with better outcomes. Study III reported that 

lisdexamphetamine, known as medication for attention deficit 

hyperactivity disorder (ADHD), was consistently associated with the best 

comparative effectiveness among generally used medications in persons 

with MAUD. The use of lisdexamphetamine was associated with 18% 

reduced risk of hospitalisation due to substance use, 14% reduced risk of 

any hospitalisation or death and 57% reduced risk of all-cause mortality, 

compared with no use of ADHD medications. The results of Studies I and III 

revealed that the use of benzodiazepines was associated with an increased 

risk of hospitalisation and death among persons with AUD and MAUD. All 

of the aforementioned results were statistically significant.  

The results of studies included in this dissertation demonstrate that safe 

and effective medications for treatment of AUD and OUD do exist, and 

could thus be included in treatment protocols. Unfortunately, the use of 

pharmacotherapies for the treatment of AUD remains low, although the 

results of Study I clearly demonstrated that naltrexone use, alone and in 

combination with disulfiram and acamprosate, was associated with 

favorable treatment outcomes. The consistent results obtained from the 

large dataset can be generalised to the general population, and highlight 

the need to prescribe effective treatments to individuals with AUD. Prior 

research has shown that opioid agonists are effective in the treatment of 

OUD, with the results of Study II confirming this view. The consistent 

beneficial findings concerning the use of lidsexamphetamine in Study III 

pave a way for future research using randomized controlled designs. 

 

Keywords: Amphetamine Related Disorders; Alcohol Use Disorder; Cohort 

Studies; Hospitalisation; Mortality; Opioid Use Disorder; Pharmacotherapy; 

Sweden 
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TIIVISTELMÄ 

Maailmanlaajuisesti yleistyvät päihdeongelmat aiheuttavat terveydellisiä ja 

sosiaalisia haittoja ja lisäävät ennenaikaisen kuoleman riskiä. 

Päihdeongelmien lääkehoidolla hoitotuloksia voitaisiin merkittävästi 

parantaa, mutta lääkehoito on alikäytettyä. Lääkkeiden määräämistä 

päihdeongelmaisille voi vähentää lääkehoitojen vaikuttavuutta vertailevien 

tutkimusten puute. Alkoholiriippuvuuteen ja opioidiriippuvuuteen on 

olemassa viranomaisten hyväksymiä lääkkeitä, kun taas 

amfetamiiniriippuvuuden hoitoon ei virallisesti hyväksyttyä lääkehoitoa 

ole. Päihderiippuvuuksissa lääkehoitojen tehokkuutta koskevat 

tutkimukset ovat usein pieniä, koskevat valikoitunutta joukkoa ja 

keskeytyvät usein. Tosielämän vaikuttavuutta selvittävät, laajoilla joukoilla 

ja pitkällä seuranta-ajalla totetutetut tutkimukset ovat harvinaisia tai niitä 

ei ole. 

Tässä väitöskirjassa selvitettiin alkoholi-, opioidi- ja 

amfetamiiniongelmaisilla käytössä olevien lääkehoitojen tosielämän 

vaikuttavuutta pitkän ajan päätetapahtumiin, kuten sairaalaan joutuminen 

tai kuolema. Tutkimusaineisto kerättiin 1.7.2006–31.12.2016 väliseltä ajalta 
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ruotsalaisiin kansallisiin rekistereihin ja niistä saatuja tietoja voitiin 

yksilöidyn tunnistusnumeron avulla yhdistää. Kolmanteen osajulkaisuun 

mennessä seuranta-aika pidentyi 31.12.2018 asti. Tutkimusaineisto koostui 

työikäisistä ruotsalaisista, joilla oli diagnosoitu alkoholi- tai 

amfetamiiniongelma (tutkimukset I ja III) tai jotka olivat ostaneet apteekista 

opioidiriippuvuuteen käytettyjä lääkkeitä (tutkimus II). Valikoitumisharhan 

eliminoimiseksi toistuvat päätetapahtumat, kuten sairaalahoidot, 

analysoitiin tilastollisesti käyttämällä within-individual-menetelmää. 

Menetelmässä jokainen tutkittava henkilö toimii omana verrokkinaan, 

jolloin vain ajasta riippuvaiset muuttujat (kuten hoitojen ajallinen järjestys, 

muiden lääkkeiden samanaikainen käyttö ja sairauden kesto) tarvitsee 

vakioida. Pääasialliset päätetapahtumat analysoitiin within-individual-

menetelmän lisäksi myös between-individual-menetelmällä, jotta tulokset 

edustaisivat koko tutkimuskohorttia. Between-individual-menetelmällä 

analysoitiin myös päätetapahtumat, jotka voivat tapahtua vain kerran 

(kuten kuolema). 

Alkoholiongelmaisia koskevassa osajulkaisussa (tutkimus I) havaittiin, 

että vain noin 25 % tutkituista käytti jotain alkoholiongelmaan tarkoitettua 

lääkehoitoa. Naltreksonin käyttö yksin ja yhdessä akamprosaatin tai 

disulfiraamin kanssa oli yhteydessä pienentyneeseen riskiin joutua 

sairaalahoitoon alkoholiongelman vuoksi (riski väheni 11 %, 26 % ja 24 %, 

tässä järjestyksessä). Eri lääkkeiden yhteiskäyttö sekä disulfiraami 

puolestaan olivat yhteydessä vähentyneeseen riskiin joutua sairaalaan 

alkoholinkäyttöön liittyvien somaattisten syiden vuoksi (riski pieneni 69 % 

ja 39 %, tässä järjestyksessä), verrattuna siihen, ettei yksilö käyttänyt 

alkoholiongelmaan tarkoitettua lääkettä. Toisessa, opioidiagonistien 

käyttöön liittyvässä osajulkaisussa havaittiin buprenorfiinin ja metadonin 

käytön olevan yhteydessä pienentyneeseen riskiin joutua sairaalaan 

opioidiriippuvuuden vuoksi (buprenorfiinin käytön aikana 27 % pienempi 

riski, metadonin käytön aikana 26 % pienempi riski) tai kuolla mistä 

tahansa syystä (buprenorfiinin käytön aikana 55 % pienempi riski, 

metadonin käytön aikana 49 % pienempi riski) verrattuna siihen, ettei 

henkilö käyttänyt kumpaakaan lääkettä. Buprenorfiinin käyttöön liittyi 
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myös 61 % ja metadoniin 60 % pienempi riski kuolla ulkoisesta syystä, 

verrattuna siihen, ettei yksilö käyttänyt kumpaakaan tutkittua lääkettä. 

Lääkehoidon pidempi kesto näytti parantavan ennustetta. Kolmannessa, 

amfetamiiniongelmaisten käyttämiä lääkehoitoja tutkivassa osajulkaisussa 

aktiivisuuden ja tarkkaavuuden häiriön (ADHD) lääkkeenä tunnettu 

lisdexamfetamiini oli yhteydessä kaikkiin tutkittuihin päätetapahtumiin 

suotuisasti. Lisdexamfetamiinin käyttö oli yhteydessä 18 % 

pienentyneeseen riskiin joutua päihdeongelman vuoksi sairaalaan, 14 % 

pienentyneeseen riskiin joutua sairaalaan tai kuolla, sekä 57 % 

pienentyneeseen riskiin kuolla, verrattuna ajanjaksoihin, jolloin henkilö ei 

käyttänyt mitään ADHD-lääkettä. Bentsodiatsepiinien käyttö oli 

osajulkaisuissa I ja III yhteydessä lisääntyneeseen riskiin joutua sairaalaan 

tai kuolla. Kaikki mainitut tulokset olivat tilastollisesti merkitseviä. 

Tutkimustulokset osoittivat, että opioidi- ja alkoholiongelmiin on 

olemassa turvallisia ja tehokkaita lääkehoitoja, joita voisi useammin liittää 

osaksi hoitoprotokollaa. Etenkin alkoholiongelmien hoidossa lääkkeiden 

määrääminen on edelleen vähäistä, vaikka ensimmäisen osajulkaisun 

mukaan naltreksonin käyttö yksin ja yhdessä disulfiraamin ja 

akamprosaatin kanssa oli yhteydessä suotuisiin päätetapahtumiin. 

Suuresta aineistosta saadut yhteneväiset tulokset ovat yleistettävissä koko 

väestöön rohkaisten lääkkeiden määräämiseen ja alkoholiongelman 

hoidon tehostamiseen. Opioidiriippuvuuden hoito opioidiagonisteilla on 

aiemmissa tutkimuksissa osoitettu tehokkaaksi ja toinen osajulkaisu 

vahvisti tätä käsitystä. Kolmannen osajulkaisun yksiselitteisen positiiviset 

löydökset koskien lisdexamfetamiinin käyttöä, rohkaisevat 

jatkotutkimusten tekemiseen satunnaistetuissa kontrolloiduissa 

tutkimusasetelmissa. 

 

Avainsanat: Amfetamiiniin Liittyvät Häiriöt; Alkoholiongelma; 

Kohorttitutkimus; Kuolleisuus; Lääkehoito; Opioidiriippuvuus; Ruotsi; 

Sairaalahoito 
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1 INTRODUCTION 

Substance use disorders (SUDs) represent a global health burden which 

significantly impacts individuals, family members, and society at large. 

These disorders are characterised by the compulsive and harmful use of 

substances, and contribute to a range of adverse consequences, such as 

physical and mental health problems, increased mortality, social 

disruption, and economic burden. Hence, the prognosis for SUDs without 

treatment is unfavourable. The treatment of SUDs includes psychosocial 

interventions, but the effectiveness of treatment strategies could be 

significantly improved with the inclusion of pharmacological treatment. 

However, medications that have been approved by the relevant health 

authorities are limited to the treatment of nicotine, opioid and alcohol use 

disorders. As such, no officially approved medications for the treatment of 

stimulant use disorders, such as amphetamine use disorder, are currently 

available. Furthermore, pharmacotherapy for alcohol and opioid use 

disorders remain largely underused, potentially due to insufficient 

knowledge of the comparative effectiveness of medications and the stigma 

associated with SUDs. (1,2) 

Studies concerning the pharmacotherapies available for SUDs are often 

constrained by limited sample sizes, which describe highly spesific 

populations, and by low rates of treatment adherence or completion. The 

effectiveness of medications for alcohol use disorder (AUD) and 

amphetamine use disorders (MAUD) have mainly been investigated 

through randomized controlled trials, and observational studies with large 

cohorts and long follow-up periods are rare. The maintenance treatment of 

opioid use disorder (OUD) is quite well established and associated with a 

better prognosis (3–5). However, there is still a clear lack of real-world 

evidence concerning the outcomes of different SUDs, such as 

hospitalisation and death (especially among persons with AUD and MAUD). 

The continuously increasing prevalence of SUDs means, that it is 
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imperative to deepen our understanding of effective treatment strategies 

to prevent the substantial harm and costs caused by SUDs to both 

individuals and society. It is important to state that real-world studies with 

large, unselected cohorts and extensive follow-up periods, would provide 

comprehensive and generalisable information on the effectiveness of 

various medications and provide valuable guidance for further studies. 

(1,6) 

AUD, OUD and MAUD represent the majority of the health burden 

caused by SUDs and were therefore selected as the disorders for 

investigation in the papers appended to this dissertation. The research 

underlying this dissertation utilised nationwide Swedish registers to 

investigate the real-world effectiveness of different medications used to 

treat these disorders. The main aim of the research presented in this 

dissertation was to investigate, whether different medications approved 

for the treatment of SUDs, or otherwise generally used among persons 

with SUD, were associated with hard outcomes, such as hospitalisation or 

death. This type of evidence, when considered in the light of the elevated 

relapse rates and consequential health and social challenges linked with 

SUDs, could enhance our understanding of the effectiveness of different 

pharmacological treatments for individuals with AUD, OUD and MAUD. 

This could be pivotal in improving clinical outcomes for this population as 

well as mitigating the harm linked to these disorders. 
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2 REVIEW OF THE LITERATURE 

2.1 SUBSTANCE USE DISORDERS 

Substance use disorders (SUDs) are psychiatric disorders characterised by 

the continuous and compulsive use of a substance despite physical, 

psychological and/or social harm (1). The most severe form of these 

disorders is dependence (i.e.,”addiction”), which is defined as an inability to 

control the compulsive use of substance and physiological withdrawal 

symptoms when the use of the substance ceases or decreases. (7) The 

development of any SUD is a complex, multifactorial process, and several 

biological and social factors (i.e., male sex, genetics, initiation of substance 

use at a young age, childhood trauma, and psychiatric comorbidities) have 

been associated with the increased risk of development of SUDs (1,7). 

SUDs are now known to form as a consequence of repeated activation of 

reward systems within the brain following the use of a specific substance. 

The main component of the reward system is the dopamine pathway, 

which projects from the midbrain to the nucleus accumbens, where 

addictive substances directly or indirectly increase levels of the 

neurotransmitter dopamine. Dopamine is generally associated with 

feelings of pleasure and reward, along with the avoidance of negative 

stimuli; as such, this neurotransmitter plays a key role in reward and 

reinforcement mechanisms. (1,8) Various drug classes elevate dopamine 

levels through unique molecular targets and mechanisms. Hence, various 

substances show differential magnitudes and velocities of dopamine 

increase, which, in turn, contribute to the potential for addiction to a 

specific substance (1). During prolonged substance use, the functional 

control of the frontal lobe decreases, which makes the stress systems of 

the brain more sensitive. The repeated use of a substance induces 

neuroplastic alterations in the glutamatergic connections to the striatum 

and midbrain dopamine neurons. This mechanism amplifies the 

responsiveness of the brain to drug-related stimuli, diminishes sensitivity 
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to non-drug rewards, impairs self-control (which predisposes an individual 

to relapses in substance abuse), and heightens sensitivity to stress and 

negative emotional states, especially when access to the substance is 

limited. As such, chronic exposure of to a certain substance has been 

associated with reduced levels of dopamine 2-receptors in the striatum, 

which could explain impulsive behaviour and compulsive use of a 

substance despite negative consequences. (8,9) Thus, different addictive 

substances cause both rewarding effects and adaptation in the brain over 

repeated consumption, which culminates persistent alterations in brain 

networks and functioning underlying the development of substance 

dependence. (1,7,8,10–12) 

The clinical diagnosis of a SUD is based on two main classification 

systems: the ICD-11, developed by the World Health Organization (WHO), 

with the most recent update in 2022 (13); and the DSM-5 (14), generated by 

the American Psychiatric Association. In European countries, the diagnostic 

criteria for SUDs are mainly based on the ICD-coding. The newest version, 

ICD-11, is not yet implemented in all countries, with the tenth edition (ICD-

10) still widely used (15). Both the DSM-5 and ICD-10/11 include diagnoses 

for SUDs, albeit with slight variations in the diagnostic criteria. Depending 

on diagnostic tool used to define SUD, it consists of substance dependence 

and substance abuse or substance dependence and harmful use of 

substance. ICD-10 includes distinct diagnoses for different types of 

substance use-related conditions, i.e., harmful use and acute intoxication. 

In ICD-10, substance use disorders are defined with the codes F10–F19, 

which describe different mental and behavioural disorders due to 

psychoactive substance use. The third digit in the code (0–9) denotes the 

substance involved, while the fourth character indicates the clinical 

condition or state. For example, alcohol dependence is coded as F10.2, 

where “0” means that the substance involved is alcohol and the number “2” 

describes the clinical state, which is dependence. However, the term SUDs 

usually refers to substance dependence and harmful use, which are 

identified with fourth characters in the code. (16) The diagnostic criteria for 

harmful use and dependence used in ICD-10 are presented in Tables 1 and 
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2. In contrast, ICD-11 (the most recent update of the ICD) distinguishes only 

three separate disorders: episode of harmful substance use; harmful 

pattern of substance use; and substance dependence (13). In DSM-5, 

substance abuse and substance dependence classifications are merged 

into a unified condition ranging from mild to severe (17), with addiction 

representing the most severe manifestation of a SUD. In the studies 

presented in this dissertation, substance use problems were defined in a 

comprehensive manner, i.e., using only three characters of the ICD-10, if 

not stated otherwise.  

 

Table 1. The diagnostic criteria for the harmful use of a psychoactive 

substance, in the ICD-10 (F1x.1) 

 

 The utilisation of the substance has clearly led to mental and/or physical 

damage, including compromised judgment or disrupted behaviour that 

could lead to impairments in interpersonal relationships or result in 

adverse consequences within them. 

 The damage caused by the substance must be explicitly specifiable and 

describable. 

 The pattern of harmful use of a substance has persisted for a minimum 

of one month or has recurred consistently over the past twelve months. 

 The diagnostic criteria for another mental or behavioral disorder 

attributed to the same substance are not met concurrently (excluding 

acute intoxication, F1x.0) 

 

The diagnosis of harmful use should not be applied if there is concurrent 

presence of dependence syndrome (F1x.2), psychotic disorder (F1x.5) or another 

defined substance- or alcohol-related disorder. 
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Table 2. The diagnostic criteria for psychoactive substance dependence, 

provided in ICD-10 (F1x.2) 

 

Three or more of the following criteria have been identified simultaneously for a 

minimum of one month, or recurrently over a one-year period, in cases where 

the continuous periods last less than one month:  

 An intensive craving or compulsive urge to consume the psychoactive 

substance. 

 Impaired control over the initiation, cessation, or quantity of substance 

intake, resulting in the consumption of larger quantities or over a longer 

duration than initially intended. The persistent craving for substance use 

remains, and efforts to regulate or diminish substance use fail. 

 Experiencing a physiological withdrawal state upon discontinuation or 

reduction of substance use, manifesting as the typical withdrawal 

syndrome associated with the specific substance. Alternatively, using the 

same substance or a closely related one to alleviate withdrawal 

symptoms. 

 Observable signs of tolerance, where higher doses of the psychoactive 

substance are required to attain effects that were initially achieved with 

lower doses. 

 Progressive neglect of alternative other enjoyable activities due to 

psychoactive substance use. 

 Continued substance use despite clear evidence of harmful mental 

and/or physical consequences. 

 

At present, SUDs are noticeably prevalent in societies around the world 

and significantly contributes to global health issues, mortality rates, as well 

as financial and social burdens (1,2). The most prevalent of the substance 

use disorders is AUD, followed by cannabis dependence and opioid 

dependence. (18) The harmful use of alcohol is a contributing factor to 

more than 5% of the worldwide disease burden and is responsible for 10% 

of all deaths in individuals aged 15–49. In total, around 35 million 

individuals worldwide are thought to be impacted by drug use disorders, 

leading to approximately 0.5 million annual deaths that can be attributed 

to drug use. (19) Among various drug categories, opioids pose the highest 

fatality risk, and are responsible for two-thirds of deaths directly associated 

with drugs; the most common opioid-linked cause of death is overdose 
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(20). The prevalence of amphetamine use disorders is lower than that of 

AUDs or OUDs (18). However, qualitative information suggests that 

amphetamine use noticeably increased in 2020, and that mortality related 

to amphetamine or methamphetamine use is also on the rise (20–22). 

SUDs predispose individuals to adverse health consequences, such as liver 

diseases, infections and cancers. In addition, SUDs are associated with 

negative behavioural changes, including harming oneself and/or others. 

(18) The progression of any SUD can disrupt an individual's self-care 

practices, impact adherence to treatment, or exacerbate pre-existing 

medical conditions, all of which can increase hospitalisation rates and 

mortality (23). SUDs are also associated with personal social and 

economical burden with individuals with SUDs less likely to be employed 

(1).  

Even though SUDs have been repeatedly associated with harm and the 

availability of evidence-based treatments, SUDs remain largely untreated. 

(2). The treatment coverage varies across countries, but still shows a 

worrying low average. (24,25). This dissertation will discuss the 

pharmacological treatments available for SUDs at length. 

 

2.2 ALCOHOL USE DISORDERS 

Alcohol is a psychoactive substance with addictive properties; it has been 

widely used for centuries in many cultures (19). When used at low doses, 

alcohol has anxiolytic and rewarding effects (26). Alcohol consumption 

activates the reward system of the brain, with the dopamine pathway 

(projected from the midbrain to the nucleus accumbens) playing a central 

role. Drinking alcohol increases dopamine level, particularly in the nucleus 

accumbens area, and this mechanism contributes to the rewarding effects 

of alcohol, explaining the initiation and persistence of alcohol use. (26,27) 

Alcohol also interacts with other neurotransmitter systems (e.g., serotonin, 

gamma-aminobutyric acid [GABA], glutamate, acetylcholine, and opioid 

systems); in this way, prolonged alcohol use can disrupt the neural 

networks regulating rewards, motivation, decision-making, stress 
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response, and emotions. (9) The repeated activation of the reward system 

may lead to AUD. Risk factors for the development of AUD include early 

initiation of alcohol use and hazardous drinking during adolescence. 

Furthermore, a family history of AUD, poor family support, potentially 

including low parental monitoring, as well as impulsivity and childhood 

conduct disorders may predispose an individual to developing AUD. (26) 

AUDs cover alcohol dependence, alcohol abuse, and dependence or 

harmful use (27). In AUD, the consumption of alcohol is accompanied by a 

strong craving for more alcohol and the continuation of use despite 

negative consequences (27). 

 

2.2.1  Definition and prevalence 

According to ICD-10, the diagnosis of AUD requires the harmful use of 

alcohol for at least one month or repeatedly over the past twelve months 

(harmful use), or the fulfilment of at least three dependence syndrome 

criteria over the same time-period (28) (Tables 1 and 2). On a global level, 

AUD is the most prevalent substance use disorder (18); according to the 

2018 Global Status Report on Alcohol and Health by the World Health 

Organization, approximately 237 million men and 46 million women are 

estimated to be affected by AUDs (24). The number of people afflicted by 

AUDs has increased substantially since the 1990’s (18). 

In Sweden, the prevalence of AUDs was 14% in males and 7.3% in 

females in 2016 (24). In 2021, around 20% of men and 13% of women were 

estimated to engage in hazardous drinking. Moreover, the prevalence of 

alcohol dependence in Sweden was recently estimated to be between 4% 

and 5%. (29) 

 

2.2.2 Morbidity and mortality 

AUDs represent one of the primary causes of mortality and morbidity 

worldwide. Globally, 5.3% of all deaths can be attributed to harmful alcohol 

use. (24) Previous evidence has shown that mortality among men with AUD 
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is over three-fold higher, and among women with AUD over four-fold 

higher, compared with general population (30). A register-based study that 

focused on the Nordic countries (Denmark, Finland and Sweden) revealed 

that persons with AUD have 24–28 years shorter life expectancy when 

compared with the general population and that AUD is associated with a 

higher risk of mortality due to all causes of death, diseases and medical 

conditions, as well as suicide. (31) The global burden of the disease and 

injuries caused by harmful alcohol use is over 5% when measured in 

disability-adjusted life years (DALYs); this exceeds the burdens caused by 

many other health conditions that are high on the global health agenda. 

(24) Chronic exposure to alcohol exerts significant impacts on various 

systems within the human body and is associated with liver diseases, 

diabetes, gastrointestinal diseases, cancers, cardiovascular diseases, 

tuberculosis and HIV/AIDS. (9,24) AUD significantly affects the nervous 

system, and predisposes an individual to cognitive deficits (such as 

amnesias and difficulties in problem-solving, abstraction and learning) as 

well as peripheral neuropathy (27). Persons with AUD may suffer from 

malnutrition and severe vitamin deficiencies, of which vitamin B1 

deficiency (thiamine deficiency) is the most common. The most severe 

manifestation caused by thiamine deficiency is Wernicke encephalopathy, 

which is potentially fatal. In addition, the harmful use of alcohol plays a 

noticeable role in road injuries, violence, and suicides. Overall, AUD may 

also co-occur with psychiatric disorders (e.g., other substance use 

disorders, major depressive and bipolar disorders, and personality 

disorders). (32) Individuals who consume large quantities of alcohol are 

also more likely to frequently consume other psychoactive substances. The 

simultaneous usage of alcohol and drugs, especially opioids or 

benzodiazepines, frequently plays a role in overdoses and fatalities from 

poisoning. (24) AUDs also exert negative effects on social and economic 

functioning, including work performance (9,33). 
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2.2.3 Treatment 

Currently, several treatments are available for AUD. The cornerstone of 

treatment is psychosocial intervention, e.g., cognitive behavioural therapy 

(CBT), motivational interviewing, support groups, and group therapies. 

(9,34) However, psychosocial treatments, when provided alone, are 

associated with high relapse rates; as such, combining these types of 

interventions with pharmacotherapy can lead to better outcomes (34). 

Various pharmacotherapies are discussed in more detail in Chapter 2.5.1. 

A systematic review and meta-analysis published in 2020 suggests that 

combining CBT with pharmacotherapy enhances treatment adherence and 

retention, and supports patients with AUD before the effects of their 

medication becomes apparent (35). Despite the availability of evidence-

based treatment methods, access to treatment remains an issue and 

varies widely across countries (9,24,25). More specifically, only 

approximately one in six people with AUDs will receive treatment (36). The 

low treatment rate may be explained by the stigma associated with 

addiction and insufficient screening of AUD in health care services (25). In 

addition, financial restrictions as well as limited understanding of 

medications and uncertainties regarding their efficacy can result in a low 

rate of utilisation (9,34,37). Untreated AUD may result in clinical and 

medical consequences, psychosocial dysfunction and functional 

impairments, and adversely affect work performance (9,33). 

 

2.3 OPIOID USE DISORDERS 

Opioids are a class of drugs with analgesic and euphorgenic effects; they 

represent one of the most commonly used group of illicit drugs worldwide 

(18,38,39). Opioids acts as agonists on the mu (μ), delta (Δ), and kappa (Κ) 

opioid receptors within the human body. By engaging the endogenous 

opioid system, these compounds depress breathing, enhance sensations 

of pleasure and inhibit the transmission of pain signals within the nervous 

system. (38,40) The agonist action of opioids (either prescribed 
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medications or illicit drugs) at the mu-receptor is responsible for the 

analgesic and rewarding effects of opioids (41). The development of OUD is 

quite well understood as it is the most intensely studied substance use 

disorder (42). The repeated use of opioids, both in patients receiving pain 

relief and persons misusing these compounds, can rapidly progress to 

physical dependence and may lead to the emergence of acute withdrawal 

symptoms when opioid use is discontinued (43). The misuse of opioids 

disrupts the natural reward mechanism governed by endogenous opioids 

and severely alters reward, brain stress, and pain systems. In contrast to 

many other substances, the probability of developing OUD after using 

opioids is high, due to the complex interplay between structural, 

developmental, social, and behavioral risk factors. (40) Significant 

psychopathology (such as anxiety, depression, and trauma-related 

disorders) often precedes the use of opioids (42). Moreover, genetic 

factors, unfavourable early-life experiences, societal norms, exposure to 

drugs, and accessibility to drugs on the market can impact patterns of drug 

use (40). Roughly 50% of individuals who misuse opioids for non-medical 

reasons will develop OUD within a median period of two years, while more 

than 20% will develop a dependence syndrome (20). After opioid addiction 

has developed, the purpose of opioid use often shifts from seeking 

euphoria to preventing withdrawal symptoms. It is important to state that 

opioid use-related neuroplastic adaptations are long-lasting and can 

persist for years after drug discontinuation (43). 

 

2.3.1 Definition and prevalence 

OUD is characterised by a problematic pattern of opioid use that results in 

notable distress or impairment. Severe OUD arises from neuroplastic 

changes in brain circuits related to rewards and motivation, self-regulation 

and decision-making, as well as mood and stress responsiveness. (43) The 

fifth edition of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-5) has consolidated previous diagnoses of opioid abuse and 

dependence into a unified disorder, OUD, with the severity categorised 
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based on the number of symptoms present. (17) The International 

Classification of Diseases 10th or 11th Revision (ICD10/11) is widely utilised 

in numerous countries, and is particularly popular in Europe. Under this 

classification system, abuse and dependence are still considered distinct 

disorders. Under ICD definitions, a person must show a greater number of 

symptoms to be described as having opioid dependence, which is 

considered more severe than abuse (40). However, OUD is broadly 

characterised as a problematic pattern of opioid use that leads to 

substantial impairment or distress. Individuals with OUD continue to use 

opioids despite experiencing additional physical, mental, social, or legal 

issues, developing tolerance, or having to use opioids to alleviate 

withdrawal symptoms. (40) Craving, which is defined as an intense and 

irresistible urge or compulsion to use a drug that is driven by the memory 

of the pleasurable rewarding effects combined with a negative emotional 

state, is now included in the recently updated ICD-11 definition of opioid 

dependence (44). 

According to the 2016 Global Burden of Disease study, approximately 

26.8 million individuals are suffering from OUD on a global level (18). More 

recent estimates of OUD, performed in 2019, revealed a slight decrease in 

prevalence, to 21.4 million individuals (95%CI=17.4–26.9) (45). However, it is 

difficult to accurately estimate the prevalence of OUD because of 

geographical variation in the availability and quality of OUD data (40). In 

the United States, the prevalence of opioid misuse and OUD has increased 

over the last two decades, culminating in the so-called opioid crisis, which 

represents great public health challenge. This opioid crisis, which can be 

traced back to the misuse of prescription analgesics, is currently 

characterised by the use of heroin and synthetic opioids (such as fentanyl), 

and seems to be expanding to other countries as well. (41) 

 

2.3.2 Morbidity and mortality 

OUD is marked by excessive morbidity, mortality and other negative 

consequences (42). Nevertheless, persons with OUD will keep using opioids 
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and progressively develop a tolerance to the effects of the compound they 

abuse. This will result in withdrawal symptoms (such as piloerection, cold 

sensations, insomnia, diarrhoea, nausea, vomiting and muscle pain) when 

the use of opioids ceases or decreases. People with OUD are at high risk of 

all-cause and overdose-specific mortality, while OUD causes significant 

challenges for the affected individual, their family members, and the 

broader community. (39,40) OUD is associated with severe health 

consequences, such as mental health disorders, bloodborne viruses (such 

as HIV-infection and hepatitis), severe injection-related infections, hepatitis-

related liver cancer and cirrhosis, injuries, suicide, homicide, overdose and 

premature death (20,40,41,46). OUD is also linked to social issues, 

including challenging family environments and criminal activities related to 

drug use (40). The mortality rate among opioid users is approximately 10–

20 times higher than the figures for the general population of the same 

age and gender. Moreover, 25–50% of individuals who used opioids and 

were followed over a 20-year period were deceased by the end of that 

timeframe (20). Of the approximately 600 000 global deaths attributable to 

drug use, close to 80% of those deaths are related to opioid use, and it was 

estimated that 125 000 people died of opioid overdose in 2019 (47). Thus, 

opioids account for a significant share of drug-related deaths , which have 

increased by 41% in the past decade (1). OUD is considered to be chronic 

and relapsing disorder, and poses a heightened risk of serious adverse 

outcomes (e.g., overdose, suicide and injuries) associated with relapses 

even after a period of abstinence (40). 

In Sweden, opioid overdoses contributed to over two-thirds of drug-

related deaths, the rate of which increased from 3.6 to 8.1 per 100 000 

individuals between 2006 and 2014 (48). A study examining fatal 

poisonings in individuals with SUDs in Nordic countries reported that poly-

drug use mainly involved the injection of opioids in combination with 

benzodiazepines, pregabalin, or alcohol. (49) These substances may 

interact synergistically leading to depression of the central nervous system. 

For example, buprenorphine – which exhibits a ceiling-effect – rarely leads 

to fatal poisoning when used in the absence of other drugs. However, the 
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combination of opioids and benzodiazepines can lead to a life-threatening 

situation. (49) A Finnish study conducted in 2011 found that the majority of 

buprenorphine poisonings did not involve opioids other than 

buprenorphine. However, benzodiazepines were discovered in 82% of the 

cases, and alcohol was involved in 58% of the cases. (50) Furthermore, a 

Swedish study of opioid-related deaths in Sweden between 2006–2014 

reported a consistently high percentage of cases which benzodiazepines 

were involved, regardless of the primary drug involved in the fatality. 

Pregabalin was most frequently identified in deaths where buprenorphine 

was the primary drug. Overall, benzodiazepines, pregabalin, and alcohol 

were forensically detected in 61%, 15% and 24%, respectively, of the 2 834 

opioid-related deaths. The presence of another opioid than the main drug 

at death was detected in 17% of the cases. (48) 

 

2.3.3 Treatment 

Several evidence-based treatments for OUD are available. Despite the 

availability of effective treatments, medications are not utilised to the full 

potential, treatment adherence tends to be suboptimal, dropout rates are 

high, and a substantial risk of relapse remains once treatment concludes. 

(40,41,46,51) The treatment of OUD can include acute intervention, 

stabilisation and long-term care (40). Psychosocial interventions, such as 

behavioural therapies, group therapy (e.g., Narcotics Anonymous, NA) and 

residential rehabilitation, lack robust scientific evidence and are mostly 

considered as a potential complementary service to pharmacological 

treatments (40). 

 The Food and Drug Administration (FDA) has approved three 

medications for the treatment of OUD, namely, the opioid agonists 

buprenorphine and methadone, and the opioid antagonist naltrexone; all 

of these compounds are meant to be used for long-term maintenance 

treatment. Pharmacotherapies for opioid addiction also include alpha-2-

adrenergic agonists (lofexidine, clonidine), which serve to detoxify opioids. 
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(40,52) The pharmacotherapies available for OUD are explained further in 

chapter 2.5.2. 

 

2.4 AMPHETAMINE USE DISORDERS 

Amphetamines, including amphetamine sulfate and methamphetamine, 

act on the central nervous system by increasing the levels of dopamine, 

serotonin, noradrenaline, and adrenaline to produce mainly stimulant 

effects (53,54). The use of amphetamines induces heightened alertness, 

increased energy levels, intensified curiosity, reduced fatigue, anorexia and 

an elevated mood. In addition, amphetamines can exert positive effects on 

focus, attention and concentration; for this reason they have been used to 

treat conditions such as attention deficit hyperactivity disorder (ADHD), 

narcolepsy and excessive eating. (54,55) Amphetamines are also used 

recreationally for pleasure, to enhance work performance, or as ”self-

medication” for stressful life events or weight-related issues (53,55). Non-

medical use typically involves higher doses than what is prescribed for oral 

ingestion, with recreational users commonly using routes of administration 

that lead to a more rapid onset, e.g., inhalation, intravenous injection, or 

intra-nasal administration (55). However, amphetamines have high 

addiction potential; as such regular, long-term use may lead to 

(meth)amphetamine use disorder (MAUD), which is characterised by social 

and physiological deterioration, including withdrawal symptoms and the 

development of tolerance (55,56). The main neurobiological mechanism 

involved in amphetamine dependence involves dopamine dysfunction. 

Despite the initial increase in dopamine in the nucleus accumbens during 

amphetamine use, prolonged exposure results in a hypo-dopaminergic 

state. The cessation of amphetamine use and the emergence of withdrawal 

symptoms may be attributed to functional dopamine hypoactivity in the 

striatum. (57) As is the case with many other substance use disorders, 

MAUD is considered a chronic and relapsing condition; in this way, persons 

who do not participate in treatment exhibit five-year remission rates of 

only up to 30%. Of the individuals with MAUD who undergo treatment, 61% 
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will experience a relapse within the initial 12 months, and an additional 

14% will relapse within 2–5 years (53). 

 

2.4.1 Definition and prevalence 

The course of MAUD development is typically marked by recurring phases 

of intense substance use interspersed with periods of sobriety and 

subsequent relapses (53). In ICD-10, amphetamine and methamphetamine 

use disorders are included under the code F15, which covers other 

stimulant related disorders (excluding cocaine), and defined by a pattern of 

amphetamine use that ultimately leads to significant impairment or 

distress, defined by the presence of certain symptoms over a spesific time 

period (28) (Tables 1 and 2). It is noteworthy that the global market for 

amphetamines continues to expand. In 2017, an estimated 29 million 

persons had used amphetamines during the past year, with this number 

rising to 34 million users in 2020. (20,58) A global surveys from 2016 

estimated 4.9 million cases of amphetamine use disorder, with 65% of the 

cases describing males (18). However, the estimate in 2019 increased to 7.3 

million cases (62% of which were males) (59). According to the World Drug 

Report of 2022, seizures of amphetamine-type stimulants show an 

increasing trend; the quantities of seized methamphetamine have grown 

five-fold and the quantities of seized amphetamine four-fold over the 

decade (20). Thus, MAUD seems to be re-emerging as a significant public 

health burden (53). 

 

2.4.2 Morbidity and mortality 

Amphetamine use can cause a range of adverse effects, ranging from heart 

palpitations, sweating, hyperthermia and seizures, headache, tremor, 

paranoia and other symptoms of psychosis to aggressive behavior (60,61). 

Regular and long-term use can lead to mental (e.g., psychosis, depression 

and suicide attempts) and physical (e.g., cardiovascular disease, blood 

borne viruses and infections) health consequences, and the increased 
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prevalence of violent behavior (56,62). The adverse consequences can also 

be fatal, especially among people who regularly use amphetamines, 

especially via the injection route, and have become dependent on them 

(60). The most critical medical issues, and primary cause of death, linked 

with MAUD are cardiovascular and cerebrovascular diseases (53). 

Amphetamine use is considered to be toxic for the heart and blood vessels 

and, as such, increases the risk of myocardial infarction, aortic dissecation, 

acute coronary syndrome, cardiomyopathy and cardiac arrhythmias, all of 

which can be fatal (61,62). Cerebrovascular disease includes stroke, 

aneurysm, and cerebral haemorrhage (60). People who abuse stimulants 

are subjected to six-fold higher risk of mortality relative to the general 

public. In 2017, amphetamine dependence was linked with approximately 

326 000 excess deaths (0.56% of all deaths) on a global level. Overall, 

suicide, overdoses, and fatal cardiovascular disease are the most common 

causes of death for persons who use amphetamines, with accidental 

injuries and homicide also cited as reasons for death among users. (62) 

Persons with MAUD also commonly abuse other substances, which 

increases the risk of combined adverse consequences. The substances 

which are most commonly abused in tandem with amphetamines are 

cannabis, other stimulants, alcohol and opioids. Individuals who use 

stimulants often heavily consume alcohol, which increases the risk of 

cardiotoxic effects and violent behaviour. (62) Possibly the most dangerous 

combination of substances is combining amphetamines with opioids. The 

combined use of amphetamines and opioids increases the risk of 

cardiotoxic effects, and adverse outcomes associated with the central 

nervous system and respiratory system, as well as the risk of fatal 

overdose. Moreover, the concurrent use of amphetamines and opioids 

heightens the risk of exposure to bloodborne viruses, such as HIV and 

hepatitis. This association is linked to users requiring multiple injections 

per day and the reuse of syringes. (62,63) Also, benzodiazepines are often 

combined with stimulants, such as amphetamines, to “come down from” or 

decrease the excitatory effects of these substances (e.g., anxiety, irritation, 

insomnia) (64). 
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2.4.3 Treatment 

Despite the alarming public health impact of MAUD, no pharmacotherapies 

have yet been officially accepted by the relevant health authorities (55). 

While promising candidates do exist, no pharmacotherapy for the 

treatment of MAUD has provided robust and convincing results. Research 

findings are frequently constrained by small sample sizes within specific 

populations, along with low rates of treatment adherence or completion. 

(55,56) Psychosocial interventions, such as cognitive behavioral therapy, 

behavioural activation and contingency management have shown modest 

efficacy. The current evidence base demonstrates mixed results, and the 

positive effect of therapy does not usually persist after termination, nor 

does it seem to help with more severe problems (frequent or long-term 

amphetamine use). (53,55,56,62) The effectiveness of different medications 

generally used among persons with MAUD will be presented further in 

Chapter 2.5.3. 

 

2.5 PHARMACOLOGICAL TREATMENT OF SUBSTANCE USE 
DISORDERS 

The United States Food and Drug Administration (FDA) has only approved 

medications for the treatment of the following SUDs: nicotine, opioid, and 

alcohol use disorders (1). The pharmacological treatment options for 

opioid and alcohol use disorders are reviewed below. At present, no 

approved medications for treating amphetamine use disorders exist. 

However, as the pharmacotherapies used by persons with MAUD were 

studied in third study included in this dissertation, the present knowledge 

concerning pharmacotherapy for MAUD is also presented below. 

 

2.5.1 Pharmacotherapy of AUD 

The FDA has approved three medications for the treatment of alcohol use 

disorder: disulfiram, acamprosate, and naltrexone. In addition to these 



 

41 

three compounds, the European Medicines Agency (EMA) has approved 

nalmefene for the treatment of AUD. (1,65) 

Disulfiram has been used in the treatment of AUDs for decades, since 

being approved in the 1940’s. Instead of reducing an individual’s craving for 

alcohol, disulfiram works mainly by eliciting an aversive reaction when 

used concomitantly with alcohol. This is a result of disulfiram inhibiting the 

metabolism of the toxic metabolite of alcohol, acetaldehyde. The 

accumulation of acetaldehyde causes unpleasant, potentially dangerous 

physical symptoms, such as tachycardia, sweating, flushing, nausea, 

vomiting and hypotension. Thereby, the effectiveness of disulfiram is 

based on the patient’s fear of experiencing uncomfortable symptoms 

rather than direct pharmacological action. Even though the main effect of 

disulfiram is psychological fear, disulfiram has nevertheless been shown to 

increase dopamine concentrations in the brain. Dopamine has a 

remarkable role in rewarding craving. (32,65,66) Due to the aversive 

reaction experienced once drinking alcohol, disulfiram treatment 

necessitates total abstinence. The treatment dosage varies from 125–500 

mg/day, with 200 mg/day the most common dosage. (34,67) The most 

common side effects of disulfiram include headache and drowsiness (67), 

but treatment can also involve severe side effects, including hepatitis, 

psychotic symptoms, neuropathy, and potentially life-threatening 

conditions such as myocardial infarction, congestive heart failure, 

respiratory depression, and rarely, death. Thus, disulfiram should be 

avoided in the case of previous psychosis or renal failure, cardiovascular or 

pulmonary disease or diabetes. In addition, disulfiram is not 

recommended for use in persons over the age of 60 or as a first-line 

treatment of AUD. (68) Numerous clinical studies have been conducted to 

investigate the effectiveness of disulfiram in AUD treatment. However, 

these findings exhibit limited consistency. (69) The largest meta-analysis of 

RCTs concerning disulfiram (Table 3) included 22 RCTs (N=2 414) and 

compared the success rate (various outcome measures, such as 

continuous abstinence, mean days of alcohol use, and time to first relapse) 

of disulfiram and controls (66). This analysis revealed that disulfiram 
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achieves a significant success rate when compared to the controls (Hedges’ 

g=0.58; 95%CI=0.35–0.82), where a Hedges’ g-value of 0.2–0.3 denotes a 

‘‘small’’ effect, value of 0.5 denotes a ‘‘medium’’ effect, and a value over 0.8 

denotes a ‘‘large’’ effect. However, the significant effects were observed 

only in open-label studies, whereas blinded studies showed no significant 

effects. The authors suggest that this discrepancy can be explained by the 

primary action mechanism of disulfiram, i.e., the expectation of an aversive 

reaction. In a blinded study design, these expectations can also be 

expected to affect the placebo group, which may bias the between-group 

differences. In addition, disulfiram was significantly more effective when 

treatment was supervised. (66) A similar phenomenon was observed in, for 

example, a randomized open-label comparative trial of disulfiram, 

naltrexone and acamprosate. Treatment with all of the studied 

medications, when combined with brief manual-based cognitive 

behavioural therapy, significantly reduced alcohol consumption; however, 

it is notable that the supervised use of disulfiram was most effective, 

particularly throughout the continuous medication period. (70) The results 

including effect sizes are presented in Table 3. 

Acamprosate is the calcium salt of N-acetyl-homotaurine and modulates 

glutamatergic and GABA-ergic neurotransmission, with potential effects on 

calcium-channels (65,67,68). In 2004, the FDA approved acamprosate to 

help maintain abstinence in persons with AUD who are abstaining from 

alcohol at treatment initiation (32,65). Acamprosate is usually well 

tolerated. The typical dose of acamprosate is 666 mg, taken three 

times/day. (34) The exact mechanism through which acamprosate works 

remains unclear, although it appears to be effective in diminishing alcohol 

craving and lowering the risk of relapse (68,71). A meta-analysis of 16 RCTs 

concluded that treatment with acamprosate, when compared to the 

placebo, significantly decreases the risk of drinking among abstinent 

patients, although this form of treatment did not show a reduction in the 

likelihood of binge drinking (72). Another meta-analysis also found 

acamprosate to be effective in reducing relapses when compared to a 

placebo (73). Moreover, Bahji et al. found acamprosate to be effective in 
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both improving abstinence and reducing heavy drinking in a meta-analysis 

conducted in 2022 (74). More details about these meta-analyses are 

provided in Table 3. 

Naltrexone has been used in AUD treatment since the 1990’s. It is an 

opioid receptor antagonist, and has also been used for the treatment of 

OUD. Naltrexone blocks the mu-opioid-receptor and – by modulating the 

dopaminergic mesolimbic pathway – dampens the euphoric effect of 

alcohol and reduces cravings. (34,71) The common side effects reported for 

naltrexone include gastrointestinal issues (e.g., nausea, vomiting, 

abdominal pain, and diminished appetite), dizziness, and drowsiness (32), 

but these usually ease with time. Naltrexone treatment also involves a low 

risk for hepatoxicity and should thus be avoided in persons with acute 

hepatitis or liver failure (1). However, a recent retrospective cohort study 

(N=9 131) found that use of acamprosate or naltrexone in persons with 

alcohol-associated cirrhosis and high-risk alcohol use behavior is linked 

with a 20% improvement in survival compared with the case that no 

pharmacotherapy is used; this indicates that naltrexone can be considered 

safe among persons with liver-disease (75). As an opioid antagonist, 

naltrexone is contraindicated in patients using opioids. The dosage on oral 

naltrexone is usually 50 mg/day, although treatment can be started with 25 

mg/day. (34,67) An extended-release injection formulation of naltrexone, 

which is administered as a monthly injection, has been approved by the 

FDA in the United States (76). In Europe, the extended-release naltrexone 

injection has been approved in France, Germany, Greece, Ireland, and the 

United Kingdom. (77) Multiple meta-analyses of RCTs have provided strong 

support for the efficacy of naltrexone in treating AUD, especially in terms 

of reducing heavy drinking and cravings (72–74,78); more details are 

presented in Table 3. The use of naltrexone, either the oral or extended-

release injection formulation, has been shown to decrease the amount of 

drinking days (76,79,80), and reduce the consumption of alcohol based on 

the reduction of rewarding effects (81). However, it is only moderately 

effective in reducing relapses, as reported in a meta-analysis of 53 RCTs 

(72). 
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Nalmefene, like naltrexone, is an opioid antagonist that targets the mu 

and delta opioid receptors. However, unlike naltrexone, nalmefene also 

acts as a partial agonist at the kappa-opioid receptor. (82) Nalmefene was 

approved in Europe in 2013 for the reduction of alcohol consumption 

among adult patients with alcohol dependence and who exhibit a highly 

risky drinking behaviour (defined as alcohol consumption exceeding 60 

g/day for men and 40 g/day for women). This recommendation is 

applicable to individuals without physical withdrawal symptoms and who 

do not require immediate detoxification (83). The approved dosage for 

nalmefene in Europe is 18 mg/day and is usually well tolerated, with 

adverse effects similar to what has been observed for naltrexone. (32,71) 

However, nalmefene therapy has not been linked to serum hepatic enzyme 

elevations or acute liver injury and does not appear to exacerbate chronic 

liver diseases, such as alcohol liver disease or hepatitis (84). Nalmefene 

exhibits a similar effect as naltrexone, with the advantages of greater 

bioavailability and an extended effect. (1,34) Nalmefene have shown 

limited efficacy in reducing alcohol consumption, especially heavy drinking 

days (72,85,86). A systematic review and meta-analysis from 2017 found 

that nalmefene exhibited a limited impact on overall alcohol consumption 

and the number of drinks per drinking day when compared to a placebo. 

However, the evidence was not considered to be robust. (87) Also, the 

studies that led to the European approval of nalmefene were met with 

criticism due to limitations in the evidence of efficacy, more specifically a 

retrospective definition of a subgroup of patients, the absence of an a 

priori definition for outcome measures and sensitivity analyses, and 

comparisons of nalmefene with a placebo instead of appropriate 

comparators. (32) More recent research has found nalmefene therapy to 

be associated with high dropout rates (74,88). The studies regarding 

nalmefene pharmacotherapy are presented in detail in Table 3. 

It should be noted that persons with AUD face a risk of alcohol 

withdrawal symptoms when they substantially reduce alcohol 

consumption following an extended period of heavy drinking. Withdrawal 

symptoms can include nausea or vomiting, hyperactivity of the autonomic 
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nervous system, inability to sleep, increased anxiety, tremor and seizures. 

(89) Benzodiazepines are generally used to reduce alcohol withdrawal 

symptoms and decrease the risk of seizures (90). These compounds act as 

agonists at GABA-receptors and decrease the severity and length of 

withdrawal symptoms, along with the frequency of seizures and risk of 

delirium (89). Furthermore, diazepam is widely used to treat withdrawal 

symptoms because it is characterised by rapid onset and longer duration 

of action. Depending on the severity of symptoms, patients receive either a 

5 or 10 mg oral or intravenous formulation of diazepam, with repeated 

doses until sedation is achieved. After the stabilisation of withdrawal 

symptoms, benzodiazepine treatment will be gradually tapered off within a 

few days. (91,92) It should be noted that the use of benzodiazepines after 

detoxification among patients with AUD is not accepted (93). 

To summarise, the latest available meta-analyses and systematic 

reviews of RCTs (presented in Table 3), have provided sufficient evidence 

for the efficacy of disulfiram, acamprosate, naltrexone and nalmefene in 

treating AUD based on comparisons with a placebo (71). However, 

knowledge about the overall health outcomes (e.g., risks of hospitalisation 

and mortality) associated with these treatment alternatives in real-world 

circumstances remains scarce. For instance, no previous experimental 

studies have been designed to measure and compare the risks of all‐cause 

hospitalisation or death for these AUD medications. The only real-world 

study that investigated whether AUD medications are associated with 

hospitalisations and death focused on how baclofen use compares with 

acamprosate, naltrexone and nalmefene treatment. The study (N=165 334) 

concluded that treatment with baclofen for AUD is associated with a 13% 

increased risk of hospitalisation and a 31% increased risk of death 

compared to treatment with the other, approved drugs (94). Another real-

world study (N=61 904) investigated prescription patterns of AUD-

medications (naltrexone and acamprosate) in Australia and found that only 

15–25% of participants received the recommended alcohol 

pharmacotherapy for a minimum period of three months (95). This finding 
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is in line with previous knowledge of the underutilisation of AUD 

pharmacotherapies (34,37,72). 

In Sweden, the Swedish Medical Products Agency has approved these 

four pharmacotherapies (disulfiram, acamprosate, naltrexone and 

nalmefene) for the treatment of AUD. Moreover, the Swedish National 

Board of Health and Welfare has given their highest recommendation to 

acamprosate, disulfiram and naltrexone, which means that every person 

diagnosed with AUD who is seeking treatment should be offered these 

therapies. Nalmefene has received a lower recommendation, which means 

that it can be offered when treating AUD. (96) In Sweden, naltrexone is only 

available as an oral formulation (tablet) (97). 
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2.5.2 Pharmacotherapy of OUD 

The most effective treatment approach for preventing overdose mortality 

and improving outcomes among individuals with OUD is 

pharmacotherapy. The FDA has approved three medications for the 

treatment of OUD, namely, methadone, buprenorphine, and naltrexone. 

Opioid agonist therapy (OAT) includes the use of the full-agonist 

methadone or the partial agonist buprenorphine and represents the main 

type of pharmacotherapy available for OUD. (1,98,99) OAT is also referred 

to as opioid substitution treatment, opioid replacement therapy or 

methadone/buprenorphine maintenance treatment (40). The less 

commonly-used heroin-assisted therapy would also belong to this category 

(40,100). In addition to OAT, opioid agonists can be used in decreasing 

doses for the supervised cessation of opioid use (101). The opioid 

antagonist naltrexone has been used to maintain abstinence, reduce 

relapses, and improve treatment adherence (particularly the extended-

release formulation), which are crucial factors for reducing overdose 

deaths. (1,40,52,99) Several studies have demonstrated that these FDA-

approved medications are cost-effective and linked to a decreased risk of 

death due to overdose, relapses, somatic complications such as infections, 

and criminal behaviour (40,41,46,98). OAT has received the most robust 

scientific evidence for the treatment of OUD. According to a wide range of 

studies, OAT can reduce both overdoses and all-cause mortality among 

people with OUD (3–5). Medications for OUD also improve treatment 

retention and remission (46). 

Methadone is a long-acting synthetic mu-opioid receptor agonist and 

has been available the longest. It has the largest evidence base of all 

pharmacotherapies for OUD regarding efficacy. (52,102) As a full agonist of 

the mu-receptor, methadone has no ceiling effect. This may be a risk factor 

for overdoses, especially when used at doses above a person’s tolerance or 

combined with other sedatives, such as alcohol, benzodiazepines or other 

opioids. (52) When initiating maintenance therapy, the starting dose for 

methadone is generally 15–30 mg/day. The dose can be adjusted every 3–5 
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days as needed, controlling possible side effects and withdrawal 

symptoms. Methadone is administered daily as an oral solution and the 

maintenance dose reaches typically 80–100 mg/day. (102) There is some 

evidence that higher methadone doses (up to 100 mg/day) are associated 

with better outcomes than lower doses (103). Methadone is generally used 

in patients with severe tolerance. As methadone can prolong the QT-

interval, it should be carefully considered for patients with a history of 

cardiac arrhythmias. (43,102) 

Buprenoprhine is a partial mu-opioid receptor agonist (and a kappa-

opioid antagonist) that was approved by the FDA in 2002 for the treatment 

of OUD. Buprenorphine has a long half-life (mean of 37 hours), which 

allows for sublingual administration every other day in addition to daily 

dosing. (1,43,98) Buprenorphine is administered through the mucous 

membranes, either as a sublingual or buccal formulation (for immediate 

release of buprenorphine) mainly on a daily basis, or as an injection or 

implant (which represent extended-release buprenorphine) that is typically 

administered on a weekly or monthly basis (101). Daily doses of 

buprenorphine typically range between 8–24 mg, with a target daily dose 

of 16 mg. (1) Buprenorphine has very high affinity for the mu-opioid 

receptor and is able to displace many full opioid receptor agonists. This can 

lead to opioid withdrawal when buprenorphine is administrated to persons 

who have actively used opioids. Unlike methadone, buprenorphine has a 

ceiling effect and higher doses do not cause respiratory depression or 

euphoria. However, this protective mechanism, which stems from partial 

agonism, does not apply to cases where a person concomitantly uses 

alcohol, benzodiazepines or other sedatives. (1,102) 

Naltrexone is an opioid antagonist that is used to block the effects of 

opioids. Naltrexone can be administered either orally, as an immediate-

release formulation, or as an extended-release injection. Oral naltrexone is 

rarely prescribed due to poor adherence to treatment. (40) Treating OUD 

with naltrexone requires an individual to have a week-long abstinence of 

opioids to avoid precipitation of withdrawal symptoms. A period of 

abstinence this long can be highly challenging or even impossible for many 
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OUD patients, which explains the poor adherence to naltrexone treatment. 

(1,43) The goal of OUD treatment with naltrexone is supporting abstinence 

and maintaining a lifestyle that does not involve repeated opioid use. 

Naltrexone does not induce positive opioid effects, which can lead to 

challenges in adherence, early discontinuation, and an elevated risk of fatal 

overdose after treatment cessation. This risk arises from a decrease in 

opioid tolerance and the rapid unblocking of mu-opioid receptors following 

the discontinuation of treatment; as such, an individual who then relapses 

and uses opioids can experience an overdose. (98,104) However, there is 

also evidence that treatment with extended-release naltrexone results in 

significant improvements in terms of treatment retention and prevention 

of premature mortality (1,99). 

Abrupt opioid discontinuation leads to withdrawal symptoms, which can 

be treated with medications. Acute withdrawal, for example, what occurs 

during medically-supervised withdrawal, can be treated with opioid agonist 

(decreasing doses of methadone or buprenorphine) and the goal is usually 

abstinence. (40) The intensity of withdrawal symptoms can also be relieved 

with alfa-adrenergic agonists, such as lofexidine and clonidine. (98) 

Naloxone, an opioid antagonist, is used to reverse opioid-induced 

overdose. For this reason, naloxone is usually administered intravenously 

or intramuscularly in emergency rooms and ambulance settings. However, 

a concentrated naloxone nasal sprays, i.e., a ”take-home naloxone-kit”, is 

also available on the market. (98) There has been global tendency to 

reduce overdose deaths by providing and training the use of naloxone to 

people likely to witness an opioid overdose (47). In Sweden, the National 

Board of Health and Welfare, together with Medical Products Agency, 

updated regulations in 2019 to increase accessibility to naloxone. As such, 

nurses have been authorised to prescribe naloxone, prescribers are 

authorised to provide patients with an opioid prescription with naloxone, 

and ambulance and rescue services personnel are now authorised to 

administer naloxone. There is also publicly-available information available 

on how to save life if someone close to you experiences an overdose. (105) 
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OUD is the most intensely studied SUD; as such, in addition to RCTs, 

plenty of observational studies have investigated the effectiveness of 

buprenorphine, methadone, and naltrexone ((3,4), Table 4). The efficacy of 

an OUD treatment is usually measured based on the reduction in opioid 

use (drug-free urine screens), overdose, all-cause mortality, and treatment 

retention (106). However, RCTs that focus on the comparative effectiveness 

of OUD pharmacotherapies are often constrained by small sample sizes, 

which results in low statistical power for identifying between-group 

differences. Observational studies, which usually demonstrate large 

sample sizes and sufficient statistical power, may be negatively affected by 

the high likelihood of selection bias and possible differences between the 

studied individuals (6). There is robust evidence that OAT is effective 

especially in reducing opioid use (107), all-cause and overdose mortality (3), 

and the risk of blood-borne viruses (5). A systematic review of 19 cohort 

studies found that during OAT, overdose and all-cause mortality were 

reduced among people with opioid dependence, compared with being out 

of OAT. The pooled all-cause mortality rates were 11.3 per 1000 person 

years for methadone treatment and 36.1 per 1000 person years when 

methadone was not used, and 4.3 and 9.5 per 1000 person years for those 

with and without, respectively, buprenorphine treatment. Similar results 

were found for overdose mortality; more specifically pooled overdose 

mortality rates of 2.6 and 12.7 per 1000 person years with and without, 

respectively, methadone treatment and 1.4 and 4.6 per 1000 person years 

with and without, respectively, buprenorphine treatment. (3) In addition, 

the same review reported that the highest risk of all-cause and overdose 

mortality occurs within the initial four weeks after treatment 

discontinuation; there is also an elevated risk during the first four weeks of 

OAT compared with the remainder of OAT. (3) Furthermore, a systematic 

review and meta-analysis of 15 RCTs (N=3 852) and 36 primary cohort 

studies (N=749 634) found that rate of all-cause mortality during OAT was 

53% of the rate observed when OAT was not used (risk ratio: 0.47; 95% 

confidence interval: 0.42–0.53) across the included cohort studies. 

Moreover, the rates of all-cause mortality and drug-related poisoning were 



 

56 

nearly twice as high during the initial four weeks of methadone treatment 

when compared to rates observed at other time points of OAT. However, 

this pattern was not observed for buprenorphine. There were suggestions 

that the included RCTs did not show sufficient statistical power to make 

reliable assessments of mortality risk. (4) 

There is far less evidence about how effective these treatments are 

among non-selected patient populations in real-world treatment settings 

when considering long-term outcomes (such as hospitalisation). Wakeman 

et al. retrospectively investigated the comparative effectiveness of different 

treatment pathways (N=40 885), and found that treatment with 

buprenorphine or methadone is associated with reductions in overdose 

(reductions of 76% and 59% at the 3- and 12-month follow-up points, 

respectively) and serious opioid-related acute care use (reductions of 32% 

and 26% in the 3- and 12-month follow-up points, respectively) compared 

with other treatments, such as naltrexone, inpatient detoxification or 

residential services, intensive or non-intensive behavioral health, or no 

treatment ((46), Table 4). A reduction in overdose deaths was also 

observed in the register-based study by Molero et al. (N=21 281). However, 

only buprenorphine showed a reduction in accidental overdoses when 

comparing periods of pharmacotherapy and periods without 

pharmacotherapy, whereas methadone use was associated with an 

increased risk of accidental overdose when comparing these periods. 

Overall, both buprenorphine and methadone were associated with 

reductions in criminal behaviour, when compared with no-use of 

medications. ((108),Table 4) 

In summary, there is ample evidence that buprenorphine and 

methadone are effective in the treatment of OUD, especially in the 

reduction of overdoses, all-cause mortality, criminality, and serious opioid-

related acute care use. However, the studies which have evaluated the 

efficacy of these medications are mainly RCTs or studies with a somewhat 

short follow-up period. As such, no prospective cohort studies have 

investigated the long-term health outcomes (such as hospitalisations due 

to OUD and mortality due to all, external and natural causes) associated 
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with the use of buprenorphine and methadone in real-world 

circumstances. 

In Sweden, the National Guidelines published by the National Board of 

Social Affairs and Health, primarily recommends opioid detoxification for 

persons addicted to opioid analgesics. In the case of opioid addiction, 

tapering means that the patient's dose of opioids is gradually reduced, in 

agreement with the patient, and adapted to any withdrawal symptoms. 

Tapering the dose can take place over a varying length of time, from a few 

days to several months. Although there are certain exceptions, this 

tapering is often performed with the same opioid that the patient used, 

but can also be carried out with buprenorphine or a combination of 

buprenorphine and naloxone. (105) Medication-assisted treatment for 

OUD aims, among other things, to prevent relapses, improve social 

functioning and reduce medical complications, the spread of infection, and 

mortality. In Sweden, OUD treatment is generally accessible to all citizens 

without significant costs. In 2016, an individual was eligible to receive 

maintenance treatment for OUD if they had a diagnosis of OUD that was at 

least 12 months old and a minimum age of 20 years (with exceptions made 

for special reasons) (109). Services that offer medication-assisted 

treatment, are regulated by the National Board of Health and Welfare. 

Maintenance treatment with opioid agonists must also involve 

psychological or psychosocial treatment or social support efforts. Swedish 

national guidelines recommend the combination of buprenorphine and 

naloxone, or methadone alone, for the treatment of OUD. In exceptional 

cases, health care and social services can offer long-acting naltrexone for 

the treatment of OUD. However, in Sweden, extended-release naltrexone 

is available only on requisition, while oral formulation of naltrexone is not 

recommended in the treatment of OUD. (105) At the time of the data 

analysis described in Study II, extended-release naltrexone was not 

available in Sweden. Swedish national guidelines also recommends that 

naloxone is kept available for cases in which an individual is at risk of 

overdose (105). 
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2.5.3 Pharmacotherapy of MAUD 

Although (meth)amphetamine use disorder is recognised as major public 

health problem that severely affects both individuals and society, neither 

the FDA nor EMA has approved any pharmacotherapies for the treament 

of MAUD (55,56,110). The consumption of amphetamines initiates a 

cascading release of norepinephrine, dopamine and serotonin within the 

central nervous system and most of the medications that have been 

studied for the treatment of MAUD have similar effects (58,111). A few 

pharmacotherapy candidates have shown some weak positive signals in 

the treatment of MAUD. However, robust scientific evidence for these 

therapies is still lacking. At present, the studies which have investigated 

pharmacotherapies for MAUD include small samples and noticeable bias; 

as such, it is difficult to determine whether any observed effect on the 

selected primary outcome is linked to the pharmacotherapy regime (see 

Table 5). In addition, a low share of the participants generally complete the 

study protocol, which adversely affect the statistical power of results. (55) 

The most relevant studies are presented in details in Table 5. 

The most consistently positive findings have been observed for 

stimulant agonist treatments (e.g., dexamphetamine and 

methylphenidate), the opioid antagonist naltrexone, and the 

anticonvulsant topiramate (Table 5). The antidepressants bupropion and 

mirtazapine have shown some, albeit rather inconsistent, benefits, while 

antidepressants in general (such as selective serotonin reuptake inhibitors, 

SSRIs, or tricyclic antidepressants, TCAs) have not been found to be 

effective at reducing amphetamine use (55). Treatment with agonist-like 

medications has shown efficacy in other SUDs, such as opioid use disorder 

and nicotine use disorder. The effectiveness of agonist treatment is 

assumed to be explained by similar pharmacological and behavioural 

effects as the drug that was being abused. Thus, agonist treatment 

provides an individual with relief from cravings and withdrawal symptoms, 

which usually are the factors maintaining the drug use and exposing to 

relapse after abstinence. (58) 
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Dexamphetamine is a functional agonist of methamphetamine that has 

a similar structure as noradrenaline, dopamine and serotonine. It is 

clinically used for the treatment of ADHD and narcolepsy. (111) The use of 

dexamphetamine in the treatment of MAUD has shown some positive 

effects in reducing the severity of withdrawal symptoms along with craving 

(112,113). However, the studies that have focused on this 

pharmacotherapy are characterised by rather small sample sizes (a few 

dozen participants), which limits the generalisability of the results. It should 

be noted that one study is currently examining the effectiveness of 

lisdexamphetamine, a pro-drug of dexamphetamine, in a randomized, 

double-blind, placebo controlled trial for the treatment of MAUD (114). 

Methylphenidate is a stimulant that increases extracellular monoamine 

levels. It is approved for the treatment of ADHD and it is also considered to 

represent an agonist-like medication. (111) There is some evidence, that 

methylphenidate is effective in reducing the amphetamine use and 

cravings (56,115,116). However, another studies found that there is no 

difference between methylphenidate and placebo in reducing 

amphetamine-positive urine samples or self-reported methamphetamine 

use (115,117). Modafinil is relatively new wakefulness-promoting agent and 

there is scarce evidence that this compound can reduce amphetamine use 

among persons who adhere to their medication regiment (56). 

Naltrexone is an opioid-receptor antagonist that does not lead to any 

psychostimulant effects and which is used to treat AUD and OUD. (55,56) 

Studies that have investigated the use of naltrexone for treating MAUD 

show mixed results, although there is certain degree of evidence which 

suggests that both oral and long-acting formulations of naltrexone may 

reduce amphetamine use (118,119). This compound may also help reduce 

cravings and help individuals to maintain treatment and abstinence (118). 

In addition, treatment with extended-release injectable naltrexone, when 

combined with daily oral extended-release bupropion over a period of 12 

weeks, resulted in a higher response (defined as at least three out of four 

methamphetamine-negative urine samples) than what was observed for 

the placebo group (120). Bupropion is an atypical, non-tricyclic 
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antidepressant that elicits a mild stimulant effect. The effectiveness of 

using bupropion to treat MAUD remains unclear, with a high degree of 

variation in the results from different studies, but it has shown some 

signals in reducing amphetamine use. (56) In addition, there is some 

evidence that the anticonvulsant medication topiramate can reduce 

amphetamine use and the severity of addiction, when compared to 

placebo (55). Use of the antidepressant mirtazapine has also been 

associated with a reduction of amphetamine use. A RCT that focused on 

sexually-active homosexual males revealed that mirtazapine use added to 

substance use counseling decreased methamphetamine use among active 

users (121). Mirtazapine has also been reported to alleviate amphetamine 

withdrawal symptoms. (121) The atypical antipsychotic aripiprazole has 

been previously studied for a potential role in the treatment of MAUD. 

Studies have shown that aripiprazole is not only ineffective in reducing 

methamphetamine use, but may in fact increase consumption of 

methamphetamine (116,122). 

In summary, the current evidence base suggests that several 

medications have some potential in supporting treatment adherence and a 

reduction in drug use among persons with MAUD (see Table 5). However, 

no pharmacotherapy has yet yielded convincing results for the treatment 

of MAUD. (55,56) 

In Sweden, the National Guidelines of substance use disorders, 

published by the National Board of Health and Welfare, states that health 

and social care services ”can offer” naltrexone to people with 

amphetamine addiction. The current deficient knowledge of effective 

treatments of MAUD is recognized in Guidelines and it is mentioned to 

affect prioritization. However, since very few alternative pharmacological 

treatments for MAUD exist, and naltrexone has been associated with 

beneficial effects on amphetamine use and treatment adherence, without 

any notable severe side effects, offering naltrexone is considered valid. 

(105) 
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2.5.4 Summary of the evidence concerning pharmacotherapies of 

AUD, OUD and MAUD 

SUDs are treatable, with medications for OUD and AUD demonstrating 

clinically significant benefits; moreover, behavioural therapies (such as 

cognitive behavioural therapy, motivational therapy and group therapies) 

can be used in the treatment of all SUDs. The approach to SUD treatment 

should be tailored based on the severity of the disorder, with the 

treatment of the associated psychiatric and physical conditions receiving 

simultaneous consideration. (1) The effectiveness of receiving psychosocial 

treatments without pharmacotherapy lacks robust scientific evidence, and 

is commonly associated with higher relapse rates, and thus is not 

beneficial in the treatment of more severe SUD. Thus, the most effective 

way to treat SUDs is the combination of pharmacological and behavioural 

interventions. (34,40,53,55,56) However, for SUDs without any approved 

pharmacotherapy, such as MAUD, the principal treatment approach is 

behavioural treatments, for instance cognitive behavioural therapy (CBT). 

(35) 

A total of four medications have been approved by the relevant 

authorities for treatment of AUD (disulfiram, acamprosate, naltrexone and 

nalmefene). Previous meta-analyses and systematic reviews of RCTs have 

provided evidence that these medications are effective when compared 

with a placebo; more specifically, disulfiram, when administered under 

supervision, can maintain abstinence (66), acamprosate can reduce heavy 

drinking and maintain abstinence (72,74), naltrexone is especially beneficial 

in reducing binge drinking, and nalmefene has been found to reduce total 

alcohol consumption (87). However, these studies often involve rather 

short follow-up periods (a maximum of 365 days), while there is a clear lack 

of observational studies with long-term follow-up periods. 

The pharmacotherapy available for OUD, especially opioid agonist 

treatment, is well established also via observational studies. Notably, there 

is robust evidence that the use of methadone and buprenorphine is 

associated with a reduced use of opioids and the risk of death (3–5). 
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However, the use of methadone has also been associated with an 

increased risk of overdose (127). Nevertheless, the effectiveness of 

treatment in non-selected patient populations in real-world treatment 

settings has been studied far less. A prior real-world study concluded that 

medications for OUD appear to reduce suicidality and crime (127), while a 

comparative effectiveness study of different OUD treatments showed that 

buprenorphine and methadone, when compared with other treatments, 

such as detoxification or behavioural health approaches, are associated 

with a lower risk of overdose and serious opioid-related acute care 

utilisation (46). 

The world’s health authorities have not authorised any 

pharmacotherapies for the treatment of MAUD. There is some promising 

evidence for stimulant agonist treatment (e.g., dexamphetamine and 

methylphenidate), the opioid antagonist naltrexone and the anticonvulsant 

topiramate, as well as the antidepressants bupropion and mirtazapine. 

(Table 5). However, the relevant studies do not provide consistent 

beneficial effects, and the research that has been presented, rarely reaches 

sufficient statistical power to make reliable statements about the efficacy 

of a treatment. 

Even though accepted pharmacotherapies for AUD and OUD exist, and 

some promising medication candidates for the treatment of MAUD have 

been presented, SUDs remain undertreated (128). While SUDs cause a 

remarkable public health burden, there is an emerging need for further 

research of comparative effectiveness of medications. Real-world 

observational studies with large and nationwide cohorts, controlled bias, 

hard outcomes and long follow-up periods would provide pivotal 

information in enhancing the effective treatments for persons with SUDs.  
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3 AIMS OF THE STUDY 

The research presented in this dissertation was conducted with the overall 

aim of investigating the real-world effectiveness of pharmacotherapies of 

alcohol use disorder, opioid use disorder and amphetamine use disorders. 

The study-specific aims were as follows: 

 

1. investigate whether exposure to disulfiram, acamprosate, 

naltrexone or nalmefene is associated with a decreased or 

increased risk of hospitalisation, death or work-related outcomes 

among persons with alcohol use disorder. (Study I) 

 

2. explore whether exposure to buprenorphine or methadone is 

associated with a decreased or increased risk of hospitalisation or 

death in persons with opioid use disorder. (Study II) 

 

3. assess whether exposure to medications generally used by persons 

with amphetamine use disorders is associated with a decreased or 

increased risk of hospitalisation or death in persons with 

amphetamine use disorders. (Study III) 
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4 SUBJECTS AND METHODS 

4.1 STUDY COHORTS 

In Sweden, as well as in other Nordic countries, a wealth of health and 

socio-economic data are collected in nationwide registers. All Swedish 

residents have a unique personal identification number which enables 

linkages between various registers. (129) The registers used in the three 

studies included in this dissertation, were the National Patient Register 

(NPR), the Causes of Death Register, the LISA register (The Longitudinal 

Integration Database for Health Insurance and Labor Market Studies) and 

the MiDAS register (Micro Data for Analyses of Social Insurance) and the 

Prescribed Drug Register (PDR). 

The National Patient Register (NPR) includes data on patients treated in 

public hospitals that have been collected since the 1960s. Initially, the 

register contained information about all psychiatric patients, but only 

about 16% of somatic hospitalisations. At that time, the register covered 

only some of Sweden's county councils. In 1984, the Ministry of Health and 

Welfare required all county councils to participate in the maintenance of 

the register. Since 1987, the NPR has compiled all inpatient information 

throughout Sweden. Since 2001, the register also includes outpatient 

doctor visits. Patient data (e.g., personal registration number, sex, age, 

place of residence), geographical data (e.g., county council, hospital/clinic), 

administrative data (i.e., duration of inpatient stay), and medical data (e.g., 

diagnosis, operations) are stored in the NPR. (130) 

The Causes of Death Register includes all deaths in Sweden since 1952. 

The information stored in the register contains the personal identify 

number, date of death, and underlying cause of death, which is coded in 

accordance with the International Classification of Diseases and Related 

Health Problems (ICD) (recorded according to the current version of ICD). 

The ICD-classification defines the underlying cause of death as follows: ”a) 

the disease or injury which initiated the train of morbid events leading 
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directly to death, or (b) the circumstances of the accident or violence which 

produced the fatal injury” (28). Thus, when reporting death statistics, the 

conditions that directly led to the death must be separated from the 

conditions that contributed to it. (131) 

The LISA register (The Longitudinal Intergation Database for Health 

Insurance and Labor Market Studies), which is maintained by Statistics 

Sweden, contains information on unemployment, income and education 

for all individuals who are over 16 years of age and a registered resident of 

Sweden since 1990. The LISA register also provides information on persons 

age, sex, civil status, emigration and country of birth. (132) The MiDAS 

database, which is maintained by the Swedish Social Insurance Agency, 

contains day-level data on continuous episodes of payment of sickness 

benefits and granted disability pensions (132,133). 

In the research presented in this dissertation, drug use data were 

collected from the PDR (Prescribed Drug Register). The database contains 

information on prescriptions dispensed by pharmacies, such as data about 

the patient, prescriber, drug(s), and pharmacy, since July 2005. (129) In 

terms of drug data, the register includes the trade name, pharmaceutical 

form, strength and package size, number of packages dispensed, the 

Nordic Article number (VNR number), and Anatomical Therapeutic 

Chemical classification (ATC) (134) code, amount in defined daily doses 

(DDD (135)), date of prescription, date of sale and price. Thus, these 

nationwide, electronic data provide a unique potential for cross-national 

record linkages. (129) 

The different cohorts included in the studies underlying this dissertation 

are presented below. In all cohorts, the individuals were chosen based on 

not having a previous diagnosis of any psychotic disorder (schizophrenia or 

bipolar disorder, based on diagnoses recorded in NPR since 1996). The 

main reason that this exclusion criterion was included was that these 

conditions can significantly impact certain outcomes, such as psychiatric 

hospitalisations and the risk of mortality (136,137). In all three studies, 

dates of death were obtained from the Causes of Death Register and 

demographic characteristics for the cohort were obtained from the LISA, 
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NPR, and MiDAS registers. Information regarding employment and source 

of income was also extracted from the LISA register, which is maintained 

by Statistics Sweden. The starting point of the follow-up period in each 

study is specified below, as the starting point varied across the three 

studies. In all studies, the follow-up ended at death, emigration, diagnosis 

of schizophrenia or bipolar disorder, or the end of the follow-up period (31 

December 2016 in Studies I and II, 31 December 2018 in Study III). 

 

4.1.1 AUD cohort (Study I) 

The study cohort was identified using the NPR and MiDAS-registers. The 

NPR includes data on persons treated in inpatient care or specialized 

outpatient care, while the MiDAS-register includes data on persons who 

have had sickness absence or received disability pension. The individuals in 

these registers with a diagnosis of AUD, according to the International 

Classification of Diseases and Related Health Problems, 10th revision (ICD-

10) (16) classification (F10.0–F10.9) were identified. All residents between 

the ages of 16–64 years with AUD, and who had registered treatment 

contact in Sweden between July 1, 2006 and December 31, 2016, were 

included in the cohort. 

The study cohort included 125 556 patients with a diagnosis of AUD. The 

follow-up period started at the first diagnosis of AUD and ended as 

mentioned in the previous Chapter (4.1). 

 

4.1.2 OUD cohort (Study II) 

The second study cohort consisted of all residents of Sweden between the 

ages of 16–64 who had purchased OUD pharmacotherapy (buprenorphine 

or oral methadone) between July 1, 2005, and December 31, 2016. The 

data of purchases were collected from the PDR with the ATC codes 

N07BC01 (buprenorphine), N07BC51 (combination of buprenorphine and 

naloxone) and N07BC02 (methadone); tablet formulations of methadone 

were excluded, as these can be prescribed for other indications, such as 
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cancer pain. A total of 522 (9.1%) of the patients were diagnosed with 

schizophrenia or bipolar disorder after cohort entry and were censored at 

that point. 

The study cohort consisted of 5 757 persons. The follow-up period 

started at the first purchase of buprenorphine (alone or combined with 

naloxone) or methadone. 

4.1.3 MAUD cohort (Study III) 

Data were gathered prospectively from nationwide Swedish registers, 

including the NPR, the Causes of Death register, the LISA register and 

MiDAS register. Drug use data were gathered from the PDR from July 2005 

to December 2018. All Swedish residents between the ages of 16–64 with 

registered treatment contact due to MAUD (ICD-10 F15.0–15.9, other 

stimulant use, including amphetamine and methamphetamine) identified 

from the inpatient, specialized outpatient, sickness absence, and disability 

pension (MiDAS) registers (time period between July 1, 2006, and 

December 31, 2018) were included in this study. 

The cohort consisted of 13 965 individuals and the follow-up period 

started at the first diagnosis of MAUD and ended, as in Studies I and II, 

based on the information provided in Chapter 4.1. 

 

4.2 DRUG EXPOSURES AND DRUG USE MODELING 

In all three studies, information on drug purchases was obtained from the 

PDR, with data dating back to July 2005 (129). All of the studied exposures, 

including the associated ATC-codes, are specified in Table 6. 
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Table 6. The studied exposures, including the associated ATC-codes. 

 

Study Exposure (ATC-code) 

Study I 

(AUD) 

Disulfiram (N07BB01) 

Acamprosate (N07BB03) 

Naltrexone (N07BB04) 

Nalmefene (N07BB05) 

Benzodiazepine and related drug (N05BA, N05CD, N05CF) 

Study II 

(OUD) 

Buprenorphine (N07BC01, N07BC51)  

Methadone (N07BC02) 

Study III 

(MAUD) 

SUD-medications: disulfiram (N07BB01), acamprosate (N07BB03), 

naltrexone (N07BB04), methadone (N07BC02) and buprenorphine 

(N07BC01, N07BC51) 

ADHD-medications (N06BA): more specifically, amphetamine 

(N06BA01), dexamphetamine (N06BA02), modafinil (N06BA07), 

atomoxetine (N06BA09), methylphenidate (N06BA04), and 

lisdexamphetamine (N06BA12) 

Mood stabilizers: carbamazepine (N03AF01), valproic acid (N03AG01), 

lamotrigine (N03AX09), topiramate (N03AX11), and lithium (N05AN01) 

Benzodiazepine and related medications (N05BA, N05CD, N05CF) 

 Antidepressants (N06A)  

Antipsychotics (N05A, excluding lithium) 

 

4.2.1 AUD-medications 

In the first study, the main exposures were disulfiram, acamprosate, 

naltrexone and nalmefene. These medications are approved by the 

authorities for the treatment of AUD in Europe (65). In addition to 

monotherapies with these medications, the following drug combinations 

were also analysed: disulfiram and acamprosate, disulfiram and naltrexone 

and acamprosate and naltrexone. In some secondary analyses, spesific 

drug-combinations were pooled together (as “polytherapy”, i.e., any 

combination of the studied medications) due to low rate of events of these 
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specific combinations. In addition, the risk of main and secondary 

outcomes associated with benzodiazepines and related drugs (N05BA, 

N05CD, N05CF) was analysed. The reference was the non-use of 

medication (i.e., non-use of AUD-medications for AUD-drugs and non-use 

of benzodiazepines and related drugs for that analyses). The risk of the 

main outcome was assessed through sensitivity analyses in a between-

individual model that included the duration of use for disulfiram, 

acamprosate, and naltrexone monotherapies. 

 

4.2.2 OUD-medications 

In the second study, exposure to OUD medications was categorised as 

buprenorphine and methadone. For methadone, the analysis specified that 

only the oral solution constitutes OUD therapy, due to the assumption that 

tablet forms can be used for cancer-related pain. For buprenorphine, the 

analysis also considered combinations of buprenorphine and naloxone. In 

addition to monotherapies, concomitant use of the studied medications 

was also modelled. However, the results of these analyses could not be 

reported due to the low number of events (fewer than five). The result also 

likely represented instances in which an individual switches between 

buprenorphine and methadone use. Exposure to buprenorphine and 

methadone, as well as the non-use of both medications (which served as 

the reference), was followed in time and people could switch between 

treatments and contribute person-time to both exposures. 

 

4.2.3 MAUD-medications 

In the third study, exposure to studied medications was categorized as 

medications for substance use disorders (SUD), medications for attention-

deficit hyperactive disorder (ADHD), mood stabilizers, antidepressants, 

benzodiazepines and related drugs, and antipsychotics. These specific 

drugs were compared with the non-use of each drug class. All specific 

drugs refer to within-class monotherapies and concomitant use of two or 

more medication from the class was defined as combination use (e.g. 
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concomitant use of disulfiram and naltrexone). In addition, we analysed 

the risk of main and secondary outcomes associated with the following 

drug classes: benzodiazepine and related medications, antidepressants 

and antipsychotics. Sensitivity analyses were conducted for specific 

antidepressants, including the ten most common antidepressants: 

mirtazapine, sertraline, venlafaxine, escitalopram, bupropion, citalopram, 

fluoxetine, duloxetine, amitriptyline and paroxetine. All analyses were 

adjusted for the aforementioned drug classes. 
 

4.2.4 Drug use modeling 

The aim of all three studies included in this dissertation was to investigate 

whether the use of studied pharmacotherapies was associated with 

specific outcomes, such as decreased or increased risk of hospitalisation or 

death. However, the raw drug data derived from PDR, cannot be used for 

this purpose without some modifications. To define possible association 

between exposure and outcome, information on the duration of drug use 

and exposure status at a spesific date are needed. Drug use periods were 

constructed with a second-generation mathematical modelling method 

called PRE2DUP (138) (”From Prescriptions to Drug Use Periods”). This 

method creates time periods of exposure and estimates of the dose taken 

during the period by considering the purchased amount in Defined Daily 

Doses (DDDs), recorded in the PDR database. The method corresponds to 

the actual use of drugs (when continuous use of drugs started and ended) 

by using a decision procedure that includes each person’s purchase history 

for each ATC code, processed in chronological order. When calculating the 

periods of drug use, PRE2DUP-method takes into account the frequency 

and regularity of drug purchase, stockpiling of drugs, drug characteristics 

(i.e., pharmaceutical form, frequency of use, whether units such as tablets 

can be halved) and hospitalisation periods when drug use is not recorded 

in the PDR. The periods of use for each drug are formed separately, and it 

is possible to combine overlapping periods of use of the same group of 

drugs, e.g. to derive time periods when any medication has been used. 
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(138) With PRE2DUP-modelled data, exposure is time-varying meaning that 

the same person can have different exposures and unexposed time 

periods during the follow-up. 

In Study III, a specific PRE2DUP dose tool was used for the dose analyses 

of lisdexamphetamine (139). In these analyses, the lisdexamphetamine 

dose was modelled time-dependently in pre-specified dose categories 

(defined daily doses/day translated into milligrams/day dose), which were 

formed around capsule strengths as follows: less than 45 mg/day, 45–≤65 

mg/day, 65–≤85 mg/day, and 85 mg or more/day. 

 

4.3 OUTCOME MEASURES 

The outcome measures included in the research underlying this 

dissertation are shown in Table 7. Data on hospitalisations were derived 

from the National Patient Register and defined as an inpatient stay of at 

least 24 hours. Data on mortality were derived from the Causes of Death 

Register. Only ICD-10-codes were used when describing the outcomes. 
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Table 7. Outcome measures included in the studies presented in this 

dissertation. 

 

Study Main outcome(s) Secondary outcome(s) 

Study I: Real-

world 

effectiveness of 

pharmacological 

treatments of 

alcohol use 

disorders 

Hospitalisation 

due to alcohol use 

disorder (ICD-10: 

F10 as a main 

diagnosis) 

Hospitalisation due to any cause 

Hospitalisation due to alcohol-

related somatic cause (ICD-10 

codes E51.2, E24.4, G31.2, G40.5, 

G62.1, G72.1, I42.6, K29.2, K70, 

K85.2, K86.0, O35.4*) 

All-cause mortality 

Work disability defined as start of 

sickness absence or disability 

pension (regardless of level of 

compensation or diagnoses) 

Study II: Real-

world 

effectiveness of 

pharmacological 

treatments of 

opioid use 

disorder 

Hospitalisation 

due to opioid use 

disorder (ICD-10: 

F11 as a main 

diagnosis) 

Hospitalisation due to any cause 

All-cause mortality 

Death due to natural causes (ICD-

10 codes A00–R99) 

Death due to external causes 

(ICD-10 codes V01–Y98) 

Study III: Real-

world 

effectiveness of 

pharmacological 

treatments in 

amphetamine use 

disorders 

Hospitalisation 

due to substance 

use disorder (ICD-

10 codes F10-F19 

as a main 

diagnosis) 

Hospitalisation 

due to any cause 

or death 

All-cause mortality 

Death due to overdose (ICD-10-

codes X40–X49; X60–X69; Y10–

Y19) 

*Alcohol-related somatic diagnoses: E51.2 Wernickes encephalopathy, E24.4 

Alcohol-induced pseudo-Cushing syndrome, G31.2 Degeneration of nervous 

system due to alcohol, G40.51 Special epileptic syndromes, G62.1 Alcoholic 

polyneuropathy, G72.1 Alcoholic myopathy, I42.6 Alcoholic cardiomyopathy, 

K29.2 Alcoholic gastritis, K70 Alcoholic liver disease, K85.2 Alcohol-induced 

acute pancreatitis, K86.0 Alcohol-induced chronic pancreatitis, O35.4 

Maternal care for (suspected) damage to fetus from alcohol 
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4.4 COVARIATES 

The main analyses of the studies described in this dissertation were made 

using within-individual model (see Chapter 4.5, Statistical analyses). In 

within-individual model, all time-invariant covariates are automatically 

controlled for in the study design, and only time-varying factors (such as 

order of treatment and concomitant use of other drugs) need to be 

adjusted for. A traditional between-individual model was utilised when 

analysing one-time events, such as mortality, as well as for the sensitivity 

analyses of the main outcomes. Also in the between-individual analyses, 

exposure to a medication varied over time, with non-use of the medication 

class serving as the reference. Data concerning covariates were extracted 

from the PDR, NPR and LISA registers.  

 

Table 8. Covariates and their definitions. 

 

Covariate 
Definition  

(ATC / ICD-10 codes) 
Model 

Studies 

using the 

covariate 

Temporal 

order of 

treatments 

Order of treatment continuously updated in 

the models, categorized as no treatment, 1st, 

2nd, 3rd, >3rd 

WM, BM 

Study I 

Study II 

Study III 

Concomitan

t use of 

psychotropi

c drugs 

Antidepressants (N06A), antipsychotics 

(N05A), benzodiazepines and related drugs 

(N05BA, N05CD, N05CF) and mood stabilizers 

(valproate, carbamazepine, lamotrigine, 

lithium) continuously updated in the models 

WM, BM 
Study I 

Study II 

Time since 

cohort entry 

Time since first AUD (F10) diagnosis in years, 

categorized as 0–1, 1–2, 2–3 and >3 years, 

continuously updated in the models 

WM, BM Study I 

Time since first OUD medication purchase in 

years, categorised as 0–1, 1–2, 2–3 and >3 

years, continuously updated in the models 

WM, BM Study II 

Time since first MAUD (F15) diagnosis in years, 

categorised as 0–1, 1–2, 2–3 and >3 years, 

continuously updated in the models 

WM, BM Study III 
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Other 

medication use 

Opioid analgesics (N02A), non-opioid analgesics 

(N02BE01, M01A), cardiovascular medications (C01–

C10, excl. C04, C05), alimentary tract and metabolism 

medications (A02, A04AA, A05, A07, A10), antiepileptic 

drugs (N03A excl. valproate, carbamazepine, 

lamotrigine). 

Defined time-dependently during the follow-up 

(current use vs. no use currently) 

BM 

Study I 

Study II 

Study III 

The number of 

previous 

hospitalisations 

 

Due to AUD (main diagnoses of F10), 

categorised as ≤1, 2–3, >3* 
BM Study I 

Due to OUD (main diagnoses of F11), 

categorised as ≤1, 2–3, >3* 
BM Study II 

Due to MAUD (main diagnoses of F15),  

categorized as ≤1, 2–3, >3* 
BM Study III 

 *updated time-dependently during the follow-up   

Comorbidities: updated continuously in the model as “no” before the first diagnoses and “yes” 

thereafter  

Comorbidities 

(1) 

 

Cardiovascular disease (I00–I99), diabetes (E10–14, or 

antidiabetic use A10), asthma/COPD (J42–44), previous 

cancer (C01–C99), renal disease (N10–N19) and 

previous suicide attempt (X60–84, Y10–34, Z728, Z915). 

Updated continuously in the model as “no” before the 

first diagnoses and “yes” thereafter 

BM 

Study I 

Study II 

Study III 

Comorbidities 

(2) 

Other substance use disorder than OUD (F10, F12–F16, 

F18–F19) 
BM Study II 

Other substance use disorder than MAUD (F10–F14, 

F16, F19) 
BM Study III 

Comorbidities 

(3) 

Depression (F32–33), anxiety disorder (F41), ADHD 

(F90) 
BM Study III 

Age ≤35, 36–55, >55 years at cohort entry BM 

Study I 

Study II 

Study III 

Sex Male or female BM 

Study I 

Study II 

Study III 

Education 

(years) 

Low (<9), medium (10–12), 

high (>12), missing 
BM 

Study I 

Study II 

Study III 

Abbreviations: WM=within-individual model, BM=between-individual model, AUD=alcohol use 

disorder, OUD=opioid use disorder, MAUD=(meth)amphetamine use disorder, ATC=Anatomical 

Therapeutic Chemical classification, ICD=International Statistical Classification of Diseases and 

Related Health Problems, COPD=chronic obstructive pulmonary disease, ADHD=attention 

deficit hyperactive disorder 
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4.5 STATISTICAL ANALYSES 

All of the statistical analyses were performed using SAS statistical software 

(version 9.4, SAS Institute Inc., Cary, North Carolina, USA). 

Cox regression analysis was utilised in all three studies described in this 

dissertation. Cox regression is a survival analysis method that measures 

the risk of an outcome (such as hospitalisation) over time. It allows 

researchers to assess the effect of multiple covariates (such as exposures) 

on the rate of the outcome. (140) In a traditional Cox regression, two 

groups are compared based on a particular covariate. The comparison 

produces hazard ratio, which indicates the probability of an event 

occurring in one of the studied groups over a unit of time. For example, the 

Cox regression model can be used to compare the risk of hospitalisation 

between a group exposed to disulfiram and a group not exposed to 

disulfiram. The comparison produces hazard ratio, which indicates a risk 

for hospitalisation in an exposed group compared to non-exposed group. 

A hazard ratio over 1 means that persons who take disulfiram have an 

elevated risk of hospitalisation compared with persons who do not use 

disulfiram, while a hazard ratio under 1 means that persons who take 

disulfiram have a decreased risk of hospitalisation compared with persons 

who do not use disulfiram. When analyzing one-time events, such as death 

or disability pension, the analyses were conducted as a between-individual 

analysis. This type of analysis compares exposure and non-exposure 

periods of all individuals. However, it should be noted that the between-

individual approach is limited by an inability to take into account potential 

unmeasured time-invariant confounders, such as genetics or personality. 

Thus, there is a risk of selection bias when investigating two different 

groups of people via between-individual analysis. The bias cannot be 

completely adjusted for with covariates, especially in register-based 

studies, because registers do not include sufficient information on all of 

the possible covariates. To reduce this selection bias, the stratified Cox 

regression in within-individual design (141) was used in all three studies 

included in this dissertation. 
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In the within-individual model each individual forms their own stratum, 

meaning that drug use periods are compared to non-use periods within 

the same person. The follow-up time is reset to zero after each outcome 

event to allow comparison of treatment periods within each individual 

(141). The within-individual model can be used when analysing recurrent 

events (which can happen multiple times), such as SUD-linked 

hospitalisation. Thus, only individuals with variation in exposure and those 

who experience an outcome event directly contribute to the within-

individual model whereas the rest of the cohort contributes indirectly. In 

the studies presented in this dissertation, hospitalisations and work 

disability were treated as recurrent events and analysed with the within-

individual Cox regression model. However, in the conducted sensitivity 

analyses, some recurrent events were also analysed using traditional 

between-individual models to investigate the generalisability of results. In 

addition, a between-individual model was utilised for analyses of one-time 

events, such as deaths.  

The results are reported as adjusted hazard ratios (HRs) with 95% 

confidence intervals (CIs). Significance level was set at p<0.05 using the 

Benjamini-Hochberg false discovery rate (FDR) method. 

The validity of the studies included in this dissertation was addressed 

through several means. The validity of research refers to how well the 

results represent actual findings and includes two domains: internal and 

external validity (142). To enhance internal validity, the study design was 

conceptualised to include specific medical diagnoses (Studies I and III) or 

specific medication purchases (Study II). Recurrent outcomes were 

analysed using the within-individual method to reduce selection bias; in 

addition to analyses of one-time events, the between-individual model was 

used to investigate the generalisability of the results from within-

individual-based analyses. The analyses were adjusted with multiple 

covariates to enhance internal validity. Between-individual models, as the 

within-individual models, included time-varying exposure; because data 

may contain multiple observations from the same person, a robust 

variance estimator was used to correct standard errors. Also, several 
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sensitivity analyses were conducted in all three studies included in this 

dissertation, to prevent biases, more specifically, protopathic bias 

(meaning that pharmacological treatments are often discontinued when 

the clinical state has improved, and then started when the clinical state 

deteriorates, which may underestimate the putative beneficial effect of 

treatment). The significance of results was ensured by using the 

Benjamini–Hochberg false discovery rate (FDR) method. The data were 

gathered from comprehensive registers that have been widely used in 

other studies. A real-world study, that involves nationwide register-based 

data, will demonstrate good external validity as it provides information on 

a large, unselected population. 

 

4.5.1 Study I 

Hospitalisations and work disability were treated as recurrent events and 

analysed with the within-individual Cox regression model. Mortality was 

analysed with the traditional multivariate-adjusted Cox regression model 

as between-individual analyses. Between-individual analyses were also 

applied in the sensitivity analyses for the main outcome and for analyses 

on the duration of use and associated risk of AUD hospitalisation. The 

follow-up period started at the first diagnosis of AUD and ended at death, 

emigration, diagnosis of schizophrenia or bipolar disorder or at the end the 

specified follow-up period (31 December 2016). In analyses concerning 

sickness absence, the follow-up period also ended at start of disability 

pension. When analysing sickness absence and disability pension, people 

who were already receiving disability pension at cohort entry, were 

excluded. In addition, analyses were censored when individuals reached an 

age of 65 years, which is typically when senior pension payments begins. 

Subgroup analyses concerning the main outcome were performed by 

tightening the criteria for AUD by two ways: 1) restricting analyses to 

people without any other SUD than AUD, and 2) including only individuals 

diagnosed either with acute alcohol intoxication (F10.0) more than once or 
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other alcohol-related disorders, indicating a more serious alcohol problem 

(F10.1–F10.9) before the start of the follow-up period. 

 

4.5.2 Study II 

As in Study I, hospitalisations were treated as recurrent events and 

analysed using the within-individual Cox regression. Mortality was analysed 

with a traditional multivariate-adjusted Cox regression model as between-

individual analysis. In addition, between-individual analyses were used in 

the sensitivity analyses of the main outcome and for analyses on the 

duration of use and associated risk of OUD hospitalisation and all-cause 

mortality. Only persons who had experienced an event such as 

hospitalisation and variation in exposure status (on-medication/off-

medication) over time contribute directly to the model in within-individual 

analysis, whereas all individuals contribute to the between-individual 

model. The follow-up period started upon the first dispensing of OUD 

pharmacotherapy. As in Study I, the follow-up ended at death, emigration, 

diagnosis of schizophrenia or bipolar disorder, or at the end of the 

specified follow-up period (31 December 2016). 

Subgroup analysis for the main outcome was conducted by tightening 

the inclusion criteria by restricting the analysis to people without any other 

SUD than OUD. The sensitivity analysis for the main outcome was 

performed by including only incident cases (“first-time use”). The reference 

was non-use of buprenorphine and methadone. 

 

4.5.3 Study III 

The main outcomes were treated as recurrent events and analysed with 

the within-individual Cox regression model. The sensitivity analyses, where 

the first 30 days of all exposures (use and non-use) were omitted, and 

analysis on lisdexamphetamine dose categories, also applied a within-

individual model. In analysis on lisdexamphetamine dose categories, 

temporal dose was estimated at each dispensing based on PRE2DUP-

modelled data in within-individual design comparing to non-use of 



 

86 

lisdexamphetamine. Dose estimates were calculated by using two previous 

dispensings and categorised into dose categories (see PRE2DUP, Chapter 

4.2.4). The traditional between-individual model was used for analyses of 

mortality, as well as sensitivity analyses of the main outcomes. Exposure in 

between-individual analyses was similarly time-varying and the reference 

was non-use of the medication class. The follow-up period started at the 

first diagnosis of MAUD and ended at death, emigration, diagnosis of 

schizophrenia or bipolar disorder, or at the end of specified follow-up 

period (December 31, 2018). Exposure to medications was modelled as 

exposure that varies over time and was compared to the non-use of 

medications. 

 

 

4.6 ETHICAL CONSIDERATIONS 

The project was approved by the Regional Ethics Board of Stockholm 

(decision 2007/762–31). No informed consent is required for register-based 

studies using anonymised data. 
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5 RESULTS 

The basic characteristics of the study populations are presented in Table 9. 

Study I included 125 556 persons diagnosed with AUD, while Study II 

included 5 757 persons, who had purchased medications for OUD. Study III 

included 13 965 persons with a diagnosis of MAUD. The study populations 

in all three studies included more men than women.  

 

Table 9. Basic characteristics of the cohorts 

 

 Study I (AUD) Study II (OUD) Study III (MAUD) 

Number of people in a 

cohort 
125 556 5 757 13 965 

Mean age (SD) 38.1 (15.9) 37.7 (10.1) 34.4 (13.0) 

Sex male (%) 78 434 (62.5) 4 136 (71.8) 9 671 (69.3) 

 

The use of pharmacological treatments among the cohorts in the three 

studies are presented in Table 10. 
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Table 11. Statistically significant associations between the studied 

medications and main outcomes in the three studies included in this 

dissertation.  

 

Study I 

Outcome (model) 
Exposure associated with 

decreased risk (HR, 95%CI) 

Exposure associated with 

increased risk (HR, 95%CI) 

AUD hospitalisation 

(WM) 

Naltexone+acamprosate  

HR=0.74, 95%CI=0.61–0.89 

Naltrexone+disulfiram  

HR=0.76, 95%CI=0.60–0.96 

Naltrexone  

HR=0.89, 95%CI=0.81–0.97 

Acamprosate  

HR=1.10, 95%CI=1.04–1.17 

Benzodiazepines  

HR=1.18, 95%CI=1.14–1.22 

 

 

Any hospitalisation  

(WM) 

Naltrexone+disulfiram 

HR=0.77, 95%CI=0.64–0.94 

Naltrexone+acamprosate  

HR=0.80, 95%CI=0.69–0.94 

Naltrexone  

HR=0.89, 95%CI=0.83–0.96 

- 

Alcohol-related 

somatic 

hospitalisation  

(WM) 

Polytherapy 

HR=0.31, 95%CI=0.12–0.83 

Disulfiram  

HR=0.61, 95%CI=0.42–0.89 

- 

All-cause mortality  

(BM) 
- 

Benzodiazepines 

HR=1.11, 95%CI=1.04–1.19 
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Study II 

OUD hospitalisation 

(WM) 

Buprenorphine 

HR=0.73, 95%CI=0.54–0.97 

Methadone 

HR=0.74, 95%CI=0.59–0.93 

-  

All-cause mortality  

(BM) 

Buprenorphine 

HR=0.45, 95%CI=0.34–0.59 

Methadone 

HR=0.51, 95%CI=0.41–0.63 

-  

Mortality, external 

cause (BM) 

Buprenorphine 

HR=0.39, 95%CI=0.27–0.54 

Methadone 

HR=0.40, 95%CI=0.29–0.53 

-  

 

Study III 

SUD hospitalisation 

(WM) 

Lisdexamphetamine 

aHR=0.82, 95%CI=0.72–0.94 

Polytherapy of SUD-

medications 

aHR=0.78, 95%CI=0.66–0.92 

Antidepressants 

aHR=1.07, 95%CI=1.03–1.11 

Benzodiazepines 

aHR=1.17, 95%CI=1.12–1.22 

Any hospitalisation or 

death  

(WM) 

Lisdexamphetamine 

aHR=0.86, 95%CI=0.78–0.95 

Polytherapy of SUD-

medications 

aHR=0.77, 95%CI=0.66–0.90 

Buprenorphine 

aHR=0.89, 95%CI=0.81–0.97 

Antidepressants 

aHR=1.10, 95%CI=1.06–1.14 

Antipsychotics 

aHR=1.06, 95%CI=1.03–1.10 

Benzodiazepines 

aHR=1.20, 95%CI=1.17–1.24 

All-cause mortality 

(BM) 

Lisdexamphetamine 

aHR=0.43, 95%CI=0.24–0.77 

Methylphenidate 

HR=0.56, 95%CI=0.43–0.74 

Benzodiazepines 

aHR=1.39, 95%CI=1.21–1.60 

Abbreviations: WM=within-individual model, BM=between-individual model, 

HR=hazard ratio, aHR=adjusted hazard ratio, CI=confidence interval 
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5.1 EFFECTIVENESS OF PHARMACOTHERAPY OF AUD    
(STUDY I) 

The study cohort included 125 556 persons with a diagnosis of alcohol use 

disorder (AUD), 65.5% of whom were men; the mean age of these 

individuals was 38.1 years. The median follow-up time was 4.6 years. The 

hazard ratios and confidence intervals for statistically significant results 

concerning the main outcomes and analyses are presented in Table 11. 

During the follow-up period, 32 129 (25.6%) of the individuals used any of 

the studied drugs. The number of individuals taking each studied drug are 

specified in Table 10. 

During the follow-up period, 30 044 (23.9%) patients had a main 

outcome event (AUD-hospitalisation). The use of naltrexone alone, as well 

as in combination with acamprosate or disulfiram was associated with a 

significantly lower risk of AUD-hospitalisation in the within-individual 

model (reductions of 11%, 26% and 24%, respectively). The between-

individual model returned similar results (HR=0.77, 95%CI=0.72–0.83; 

HR=0.77, 95%CI=0.66–0.90; HR=0.74, 95%CI=0.61–0.90, respectively). The 

use of acamprosate was associated with 10% increased risk of 

hospitalisation due to AUD. In addition, the use of benzodiazepines and 

related drugs was associated with a statistically significant increase (18%) in 

the risk of hospitalisation due to AUD compared with no use. 

Similar results were found when the outcome was hospitalisation due to 

any cause (Table 11). The use of naltrexone, either as monotherapy or 

together with disulfiram or acamprosate was associated with a decreased 

risk of hospitalisation due to any cause. However, the use of acamprosate 

was not associated with an increased risk of any cause-hospitalisation. 

Altogether, 3 173 (2.5%) of the patients were hospitalised due to alcohol-

related somatic causes during the follow-up period. The use of two or 

more of the studied medications simultaneously was associated with 69% 

decreased risk of hospitalisation due to alcohol-related somatic cause in 

within-analysis model (Table 11). Similar results were found concerning the 

use of disulfiram (the risk of hospitalisation due to alcohol-related somatic 
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cause decreased 39%). The use of benzodiazepines or related drugs had no 

effect on the risk of hospitalisation due to alcohol-related somatic causes. 

Overall, 7 832 (6.2%) of the patients in the total cohort died during the 

follow-up period. None of the studied AUD medications (naltrexone, 

acamprosate, disulfiram, nalmefene) was associated with an increased or 

decreased risk of death (Table 11). However, 2.8% of the persons using 

benzodiazepines died during the follow-up period, and the use 

benzodiazepines and related drugs was associated with an 11% higher 

adjusted risk of all-cause mortality. 

Slightly more than 10% of the total cohort had been diagnosed with an 

additional SUD other than AUD. A sensitivity analysis conducted on this 

subgroup, revealed that none of the studied drugs had a statistically 

significant association with the risk of hospitalisation due to AUD. In 

addition, another sensitivity analysis was performed in a subgroup of 

persons assumed to have a more serious alcohol problem, i.e., one on 

more diagnoses of acute alcohol intoxication or another alcohol-related 

diagnosis before the start of the follow-up period. The results of this 

subgroup analysis, revealed that the combined use of naltrexone and 

acamprosate (HR=0.71, 95%CI=0.58–0.87) is associated with a lower risk of 

hospitalisation due to AUD. Also, naltrexone monotherapy showed a trend 

towards reduced risk of AUD-hospitalisation, but the result was not 

statistically significant after false discovery rate (FDR) correction. The use of 

acamprosate was again associated with an increased risk of AUD 

hospitalisation in this subgroup (HR=1.11, 95%CI=1.04–1.18). 
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5.2 EFFECTIVENESS OF PHARMACOTHERAPY OF OUD    
(STUDY II) 

The cohort of the second study included 5 757 people, who had purchased 

medications (buprenorphine, methadone) used in the treatment of OUD. 

Overall, 71.8% of the persons were men and the mean age of the cohort 

was 37.7 years. The median follow-up time of the study was 7.3 years. 

During this time, 65.4% of the persons used buprenorphine, while 56.4% 

used methadone. 

Altogether, 13.9% of the persons in the total cohort were hospitalised 

due to OUD. Both buprenorphine and methadone use were associated 

with a significantly reduced risk of hospitalisation due to OUD in the within-

analysis model (risk reductions of 27% and 26%, respectively). (Table 11) 

The use of buprenorphine was also associated with a reduced risk of OUD 

hospitalisation in the between-individual model (HR=0.53, 95%CI=0.42–

0.66). 

During the follow-up period, 14.7% of the persons died. The use of both 

studied medications was associated with a significantly lower adjusted risk 

of all-cause mortality (buprenorphine decreased the risk 55%, methadone 

49%) (Table 11). The use of buprenorphine and methadone was also 

associated with a significantly lower (61% and 60%, respectively) risk of 

mortality due to external causes (i.e., suicide and overdoses). However, the 

risk of mortality due to natural causes was not significantly affected by 

buprenorphine or methadone use. 

The between-individual analyses were stratified according to duration of 

use to evaluate the possible effects of retention in OUD treatment, with the 

results presented in Table 12 below. All of the analysed categories of 

duration of use for buprenorphine (less than 30 days, 31–180 days, 181–

365 days and over 365 days) decreased the risk of OUD hospitalisation and 

all-cause mortality. Methadone use throughout the first 30 days of 

treatment was not associated with a decreased risk of OUD hospitalisation 

or all-cause mortality. However, the risk of OUD hospitalisation and all-

cause mortality was significantly lower across all of the other analysed 
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duration of use categories for methadone. The lowest risk of all-cause 

mortality was associated with treatment that lasted 181–365 days, and the 

result was identical for both buprenorphine and methadone. (Table 12) 

Altogether, 38.6% of the patients were diagnosed an additional SUD 

other than OUD. In a subgroup of persons with only OUD, neither 

buprenorphine or methadone was associated with decreased or increased 

risk of OUD hospitalisation. Similar results were found, when only incident 

users of buprenorphine and methadone were included. 

 

Table 12. The risk of OUD-hospitalisation and all-cause mortality for 

various durations of use for buprenorphine and methadone in between-

individual model. 

 

 
Risk of OUD 

hospitalisation 

Risk of all-cause 

mortality 

Duration of medication use (days) HR (95%CI) HR (95%CI) 

Buprenorphine   

≤30 0.55 (0.43–0.71) 0.50 (0.32–0.81) 

31–180 0.46 (0.36–0.58) 0.38 (0.25–0.56) 

181–365 0.38 (0.26–0.57) 0.35 (0.19–0.67) 

>365 0.36 (0.23–0.57) 0.61 (0.37–1.00) 

Methadone   

≤30 0.93 (0.78–1.12) 0.83 (0.62–1.11) 

31–180 0.77 (0.65–0.92) 0.45 (0.33–0.60) 

181–365 0.66 (0.50–0.88) 0.22 (0.13–0.38) 

>365 0.70 (0.51–0.95) 0.48 (0.33–0.69) 
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5.3 EFFECTIVENESS OF PHARMACOTHERAPY OF MAUD 
(STUDY III) 

The cohort in Study III included 13 965 persons with a diagnosis of 

(meth)amphetamine use disorder (MAUD). Altogether, 9671 (69.3%) of the 

individuals were men, and the mean age of the cohort was 34.4 years. The 

median follow-up time in this study was 3.9 years. Data concerning the use 

of different medications during the follow-up period are presented in 

Table 13.  

 

Table 13. The use of medications among persons with MAUD during the 

follow-up period. 

Medication Users (%) Medication Users (%) 

SUD-medications 2 856 (20.5) ADHD-medications 3 941 (28.2) 

Disulfiram 1 115 (8.0) Methylphenidate 3 043 (21.8) 

Naltrexone 873 (6.3) Lisdexamphetamine 1 511 (10.8) 

Buprenorphine 652 (4.7) ≥ 2 ADHD-medications 1 190 (8.5) 

≥ SUD-medications 592 (4.2) Atomoxetine 881 (6.3) 

Acamprosate 579 (4.1) Dexamphetamine 268 (1.9) 

Methadone 368 (2.6) Modafinil 62 (0.4) 

Antidepressants 7 543 (54.0) Amphetamine 19 (0.1) 

SSRI 4 411 (31.6) Mood stabilizers 1 706 (12.2) 

≥ 2 antidepressants 2 800 (20.1) Lamotrigine 642 (4.6) 

Mirtazapin 2 752 (19.7) Carbamazepine 605 (4.3) 

SNRI 1 825 (13.1) Valproic acid 562 (4.0) 

Bupropion 960 (6.9) Topiramate 117 (0.8) 

Tricyclic 700 (5.0) ≥ 2 mood stabilizers 114 (0.8) 

Other antidepressants 505 (3.6) Benzodiazepines 6 101 (43.7) 

  Antipsychotics 5 067 (36.3) 
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The total of 74% of the persons in the total cohort were hospitalised due 

to substance use disorder (SUD hospitalisation). Based on the within-

individual analysis, the use of lisdexamphetamine was associated with a 

18% reduced risk of SUD hospitalisation compared with non-use of ADHD 

medication. In addition, polytherapy with medications indicated for 

substance use disorders, compared with non-use of SUD medications, was 

associated with a statistically significant 22% lower risk of hospitalisation 

due to SUD. The use of benzodiazepines and antidepressants was 

associated with an increased risk of SUD hospitalisation (increases of 17% 

and 7%, respectively). (Table 11) 

According to the between-individual analyses, in addition to the use of 

lisdexamphetamine (aHR=0.75, 95%CI=0.66–0.85), the combination of 

ADHD medications (aHR=0.82; 95%CI=0.70–0.95), as well as 

methylphenidate (aHR=0.90, 95%CI=0.86–0.95) was associated with a 

reduced risk of SUD hospitalisation when compared with non-use of ADHD 

medications. As in the within-individual analyses, the use of 

benzodiazepines (aHR=1.15, 95%CI=1.11–1.19) and antidepressants 

(aHR=1.06, 95%CI=1.02–1.10) was associated with an increased risk of SUD 

hospitalisation. In addition, the use of methadone (aHR=1.25, 95%CI=1.15–

1.36) and antipsychotics (aHR=1.19, 95%CI=1.15–1.23) was found to be 

associated with an increased risk of SUD hospitalisation in between-

individual analyses. The results of omission analyses were in line with the 

results of the main analyses concerning lisdexamphetamine, 

antidepressants and benzodiazepine use. 

Altogether, 82.3% of the persons in the cohort were hospitalised due to 

any cause or died within the follow-up period. Within-individual analyses 

demonstrated that the use of a combination of two or more SUD 

medications, lisdexamphetamine, and buprenorphine was associated with 

lower risk of any hospitalisation or death (reductions of 23%, 14%, and 

11%, respectively) compared with periods when the individual was not 

taking the studied classes of medication (Table 11). The use of 

antidepressants, benzodiazepines and antipsychotics was associated with 

an increased risk of hospitalisation due to any cause or death (risk 
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increased 6–17%) (Table 11). The between-individual analysis results 

revealed that the use of lisdexamphetamine (aHR=0.86, 95%CI=0.78–0.94) 

and methylphenidate (aHR=0.94, 95%CI=0.90–0.99) was associated with a 

lower risk of any hospitalisation or death compared with the non-use of 

ADHD medication. The use of antidepressants, benzodiazepines, 

antipsychotics, methadone and carbamazepine, was associated with an 

increased risk of any hospitalisation or death (the risk increased 6–25%, 

with methadone and benzodiazepines associated with the highest risk). 

The results of omission analyses were in line with the results of the main 

analyses concerning lisdexamphetamine, antidepressants and 

benzodiazepines. 

Overall, 9.5% of the persons died during the follow-up period. The use 

of lisdexamphetamine and methylphenidate was associated with a 

significantly lower risk of death (reductions of 57% and 44%, respectively). 

On the other hand, the use of benzodiazepines was associated with a 39% 

increased risk of death. (Table 11) In addition to all-cause mortality, 

overdose leading to death was included as an analysed outcome. The use 

of lisdexamphetamine (HR=0.34, 95%CI=0.14–0.82), methylphenidate 

(HR=0.60, 95%CI=0.42–0.85), buprenorphine (HR=0.32, 95%CI=0.14–0.73), 

and methadone (HR=0.44, 95%CI=0.21–0.93) was associated with a 

reduced risk of overdose death, while the use of benzodiazepines 

(HR=1.74, 95%CI=1.40–2.17) and antipsychotics (HR=1.29, 95%CI=1.02–1.64) 

was associated with an increased risk of death due to overdose. 

Additional analyses were conducted for lisdexamphetamine to 

determine which dose range is associated with the most pronounced 

benefits. The risks of both, SUD hospitalisation and any hospitalisation or 

death, were significantly lower in the dose categories 45–≤65 mg/d 

(reductions of 30% and 23%, respectively) and 65–≤85 mg/d (reductions of 

25% and 21%, respectively) compared with non-use of lisdexamphetamine. 

A sensitivity analysis of the ten most used antidepressants revealed that 

none of the studied antidepressants are associated with beneficial 

outcomes among persons with MAUD. 
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6 DISCUSSION 

6.1 EFFECTIVENESS OF PHARMACOTHERAPY OF AUD    
(STUDY I) 

Among persons with AUD, the use of naltrexone either alone or combined 

with disulfiram or acamprosate was associated with a reduced risk of 

hospitalisation due to AUD and due to any causes when compared to the 

non-use of AUD medications. Moreover, polytherapy with the studied 

medications and the use of disulfiram were associated with a reduced risk 

of hospitalisation due to alcohol-related somatic causes. These results are 

in line with what has been reported in previous studies, more specifically 

that naltrexone is effective at reducing heavy drinking (72,74). A recent 

meta-analysis of 54 RCTs which focused on naltrexone found a 15% 

improvement in abstinence and a 19% reduction in heavy drinking relative 

to the placebo (74). However, the effectiveness of naltrexone in decreasing 

hospitalisation rates or death has not been assessed before. Another 

meta-analysis reported that naltrexone is the medication that is most often 

combined with other AUD medications. However, the meta-analysis found 

no benefit of drug combinations when compared to naltrexone 

monotherapy. The reliability of this conclusion could be questioned, 

however, as the meta-analysis involved multiple treatment groups with 

small populations, which reduces the statistical power and, thus, the 

generalisability of results (143). In Study I, the main outcome could only be 

analysed for specific combinations of medications, whereas other analyses 

involved pooling these combinations together (as “polytherapy”) due to a 

low rate of events for specific combinations. Polytherapy with AUD 

medications was associated with a reduced risk of alcohol-related 

hospitalisations. There may be multiple possible explanations for this. For 

instance, this could be the result of the increased effectiveness of 

medications when different mechanisms of action are combined. The 

effect may also attributed to a patient’s treatment motivation, i.e., the 
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patient is willing to take multiple different medications to ensure 

abstinence. On the other hand, it is possible that the benefits of 

polytherapy translate to a high risk of the outcome (hospitalisation or 

death) during medication-free periods, in which case the within-individual 

model highlights a beneficial result for the period when a medication is 

used. However, the results from these analyses were similar to what was 

observed in between-individual analyses, where comparisons included the 

total patient population (also those who were never prescribed 

polytherapy), which makes the result more generalisable. 
Previous research has established that disulfiram use under supervised 

settings can maintain abstinence (66). In Study I, disulfiram use was 

associated with a reduced risk of hospitalisation due to alcohol-related 

somatic cause, which may be explained by the abstinence that disulfiram 

use requires. The impact of alcohol consumption on alcohol-related 

somatic complications, such as liver cirrhosis, certain cancers and 

cardiovascular disease, is predominantly determined by the total volume 

of consumed alcohol and the manner in which drinking occurs. (24) Thus, 

heavy drinking significantly predisposes an individual to these acute and 

chronic health outcomes, and the abstinence required by disulfiram use 

may relieve this burden. Disulfiram may cause adverse effects, some of 

which can be severe. (144) The most serious adverse effect of disulfiram is 

toxic hepatitis, which is associated with high mortality (69); this adverse 

event is, fortunately, rare (estimated risk of 1:30000 patients per year) 

(144). Despite the potential, even fatal, adverse effects associated with 

disulfiram use, there was no association between disulfiram use and an 

increased risk of death in Study I. Furthermore, the use of disulfiram had 

no effect on the risk of hospitalisation due to AUD or due to any cause in 

Study I. 

There is not robust previous evidence on the efficacy of nalmefene for 

the treatment of AUD, and the EMA approval of nalmefene for the 

treatment of AUD was met with criticism. (88,145,146) A few European 

countries, including Sweden, have outlined the use of nalmefene as 

secondary in the treatment of AUD in treatment guidelines (88,96), which 
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may reduce the use of nalmefene. In 2013, nalmefene was approved for 

the treatment of AUD by EMA, with the specification that it should be 

administered on ”as needed” basis (147). The follow-up period of Study I 

ended in 2016. Possibly due to these facts, only 0.6% of the cohort in Study 

I had used nalmefene; most analyses concerning nalmefene were 

impossible to conduct due to the low rate of events. However, nalmefene 

monotherapy showed a positive trend in reducing the risk of 

hospitalisation due to AUD and any cause. Nevertheless, this result lacked 

statistical power and was not significant due to wide confidence intervals. 

The results of Study I strengthened the previous conception that AUD 

medications are grossly underused, as only about 25% of the AUD patients 

used some of the studied pharmacotherapies. This is in line with what has 

been reported in previous studies, such as estimates that only 

approximately 10–20% of AUD patients receive prescribed medication 

(32,34,65,148). Existing studies, which are predominantly from the United 

States, suggest that individuals with concurrent comorbidities are more 

likely to receive pharmacological treatment for AUD than those suffering 

solely from AUD. However, the literature concerning the utilisation of AUD 

pharmacotherapy is limited. According to the previous evidence, the 

distribution of treatment is uneven based on various demographic factors; 

for example, older age, lower income, lower education, and co-morbid 

somatic diagnoses are all linked to a lower likelihood of prescription. (96) 

Potential obstacles to the use of pharmacotherapy for AUD involve 

perceptions of low patient demand, inadequate skills or knowledge about 

addiction, and a healthcare professional’s lack of confidence in the 

effectiveness of a medication (149). In 2017, Thompson et al. found, in a 

cohort study spanning 39 980 individuals with newly diagnosed alcohol 

dependence, that merely 11.7% of patients received appropriate 

pharmacotherapy in the year following diagnosis. Additionally, only 9.2% of 

those who did not receive pharmacotherapy received psychosocial 

support. Hence, a substantial majority, or 80.2% (32 048 individuals), did 

not receive either form of treatment. (148) In Study I, the register-based 

data did not provide information about whether psychosocial treatment 
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was combined with the pharmacotherapy. However, as the medications 

investigated in Study I were found to vary largely in terms of effectiveness, 

it can be assumed that psychosocial treatment did not have a sizeable 

impact on the described results on hard outcomes. 

 

6.2 EFFECTIVENESS OF PHARMACOTHERAPY OF OUD    
(STUDY II) 

The results of Study II showed that the use of the opioid agonists 

buprenorhine or methadone was associated with a reduced risk of 

hospitalisation due to OUD (a possible indicator of overdose) and mortality 

due to any-cause and external causes, in comparison to the non-use of 

these medications. These results are in line with previous evidence from 

RCTs and observational studies, which has shown that opioid agonist 

treatment (OAT) with both buprenorphine and methadone reduces 

overdoses and all-cause mortality (3,4). 

In Study II, the use of buprenorphine was associated with a 27% 

reduced risk of hospitalisation due to OUD in the within-individual 

analyses. In comparison, the use of methadone was associated with a 26% 

reduced risk of OUD hospitalisation. This result is in line with what was 

reported in the comparative effectiveness study by Wakeman et al., i.e., 

treatment with buprenorphine or methadone was shown to reduce serious 

opioid-related acute care during both the 3-month (risk reduction of 32%) 

and 12-month (risk reduction of 26%) follow-up intervals. (46) Also, the 

cohort study by Molero et al., which applied the within-individual design, 

showed that the use of buprenorphine is associated with a 25% reduced 

risk of accidental overdose compared with non-use of the medication. 

However, the use of methadone was associated with a 25% increased risk 

of overdose (defined as a visit to an emergency unit or death). (127) This 

could stem from the fact that methadone, unlike buprenorphine, has no 

ceiling effect. As a full agonist opioid, it may increase the risk for overdose 

when used at doses above the patient’s tolerance. (43) Nevertheless, 

Molero et al. found significant reductions (40%) in the rate of suicidal 
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behaviour among persons using methadone. The results of Study II cannot 

fully be comprehensively compared to the results of the study by Molero et 

al., because the outcomes were defined differently. In Study II, the use of 

buprenorphine and methadone was associated with a significantly lower 

(61% and 60%, respectively) risk of mortality due to external causes (i.e., 

suicides and overdoses). However, the risk of mortality due to natural 

causes did not significantly decrease while an individual used either of 

these medications. 

A recent systematic review and meta-analysis of 15 RCTs and 36 cohort 

studies by Santo et al. (2021) found that among cohort studies, OAT 

corresponded to a 53% lower all-cause mortality rate compared with time 

out of OAT. Nevertheless, the researchers found that the RCTs were 

underpowered to assess the mortality risk. (4) These results are in line with 

what was reported in Study II, more specifically both the use of 

buprenorphine and methadone were associated with a significantly lower 

adjusted risk of all-cause mortality (HR=0.45, 95%CI=0.34–0.59, and 

HR=0.51, 95%CI=0.41–0.63, respectively). Another systematic review and 

meta-analysis of cohort studies (N=138 716) reported remarkably higher 

pooled overdose mortality rates for individuals out of methadone 

treatment (12.7 per 1000 person years) or buprenorphine treatment (4.6 

per 1000 person years), than in methadone or buprenorphine treatment 

(2.6 and 1.4 per 1000 person years, respectively). (3) 

In Study II, the risk for all-cause mortality and OUD hospitalisation 

remained reduced when studied between-individual analyses by the 

duration of any OUD treatment (Table 12). The risk of all-cause mortality 

has previously been found to be higher in the first four weeks of 

methadone treatment than in the remainder of it (3). This phenomenon 

has been theorised to be a consequence of methadone accumulation 

exceeding the opioid tolerance level, as opioid tolerance does not 

necessarily completely protect against respiratory depression. (3) In Study 

II, no increased risk of mortality was found for any of the investigated 

categories concerning the duration of treatment with buprenorphine or 

methadone. However, the first 30 days of methadone treatment was not 
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associated with a reduced or increased risk of mortality. All of the other 

studied duration categories (31–180, 181–365 and >365 days) were 

associated with a reduced risk of all-cause mortality and hospitalisation 

due to OUD. (Table 12) 

In study II, 14.7% of the cohort died during the follow-up period (median 

7.3 years). This mortality rate seems higher than what has been reported in 

other studies regarding mortality among patients receiving OAT, with the 

proportion of all-cause mortality usually varying between 5–10% (4,150–

152). However, it should be stated that previous studies have mainly been 

randomized controlled studies and other studies with mostly significantly 

shorter follow-up times, which may explain the lower mortality rate 

compared with Study II results. 

Altogether, results of Study II suggest that the use of both 

buprenorphine and methadone for OUD is safe and effective, when 

considering the associations with reduced risk of OUD hospitalisation and 

death. In addition, the lack of any association between the studied 

medications and all-cause hospitalisation reported in Study II, may be 

indicative of the lack of severe adverse effects. 

 

6.3 EFFECTIVENESS OF PHARMACOTHERAPY USED AMONG 
PERSONS WITH MAUD (STUDY III) 

Study III investigated the effectiveness of 18 different medications or 

medication classes that are commonly used among persons with MAUD. 

The results showed that the ADHD medication lisdexamphetamine was the 

only medication that was significantly associated with a decreased risk for 

three studied outcomes, more specifically, a 18% lower risk of SUD 

hospitalisation, a 14% lower risk of any hospitalisation or death, and a 57% 

lower risk of all-cause mortality compared to the non-use of ADHD 

medication. Lisdexamphetamine is a pro-drug stimulant that has been 

approved for the treatment of ADHD. Lisdexamphetamine is biologically-

inactive molecule which – following oral administration – enters the 

bloodstream almost entirely unchanged and then later converts into the 



 

105 

amino acid lysine and d-amphetamine (active drug) in the body. 

Lisdexamphetamine is long-acting and attempts to accelerate the 

conversion to the biologically active d-amphetamine by either intravenous 

injection or crushing for intranasal administration have been found to be 

unsuccessful, which reduces the attractiveness for abuse. (153,154) In 

addition to lisdexamphetamine, the use of the ADHD medication 

methylphenidate was associated with 44% lower all-cause mortality in 

Study III. 

There is some previous evidence that treating MAUD with medications 

that exert similar effects to substance being abused (amphetamines) could 

be effective (58). This also involves some parallels, more specifically, the 

treatment of OUD with opioid agonists, or nicotine use disorder with 

nicotine replacement therapy; hence, psychostimulant substitution therapy 

for the treatment of MAUD may hold promise. The use of agonist-like 

medications in treatment of SUDs is based on the idea that using 

medications with similar properties to the abused drug, yet a lower abuse 

liability, will normalize an individual’s neurochemistry and thus stabilise 

their behaviour to reduce drug use. (111) However, the results of previous 

studies that have investigated these ”agonist-therapies” for MAUD have 

shown mixed results, and robust evidence is still lacking, partly due to 

small trials. The studies investigating agonist therapy of MAUD are mainly 

RCTs that include from a few dozen to up to a few hundred participants. In 

this way, observational cohort studies have mainly not been conducted. An 

RCT that included 53 patients showed that persons receiving 

methylphenidate had a significantly decreased risk of amphetamine-

positive urine sample compared with placebo treatment (odds ratio 0.46). 

(116) Dexamphetamine, on the other hand, was associated with 

significantly lower amphetamine withdrawal symptoms and craving scores 

compared with placebo treatment in an RCT of 60 patients. (112) 

Moreover, a recent systematic review and meta-analysis of 10 RCTs 

(N=561) concluded that the prescription psychostimulants, such as 

methylphenidate and dextroamphetamine, may be more effective than the 
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tested placebo in diminishing amphetamine use, increasing retention in 

treatment and decreasing craving among individuals with MAUD. (155) 

When considering the use of non-stimulants, naltrexone has been 

observed to reduce amphetamine use when taken as either oral or long-

acting formulations (118,119). According to additional research, it may also 

have potential in reducing craving for amphetamines and improving 

retention (118). In their RCT of 403 patients, Trivedi et al. concluded that 

treatment with the extended-release injectable naltrexone, when 

combined with daily oral extended-release bupropion, over a period of 12 

weeks resulted in a higher response (defined as at least three out of four 

methamphetamine-negative urine samples) than the placebo (120). In 

Study III, naltrexone showed no association with the outcomes of interest. 

As extended-release naltrexone was not available in Sweden during the 

study period, the results of Study III only concerned oral naltrexone. 

Furthermore, the use of bupropion was not associated with any of the 

outcomes of interest in Study III. Mirtazapine, when provided in 

combination with substance use counseling, was shown to decrease 

methamphetamine use in one RCT published in 2011 (121) and a replicated 

trial from 2020 (126). In Study III, the use of specific antidepressants 

(including mirtazapine) was not associated with a lower risk of 

hospitalisations or death. In fact, the use of antidepressants, when studied 

as a group, was shown to be associated with a statistically significant 

increase in the risk of hospitalisation due to SUD and any hospitalisation or 

death. The use of antipsychotics was also associated with an increased risk 

of hospitalisation and mortality. A previous study, in which aripiprazole, 

methylphenidate and a placebo were compared in the treatment of 

amphetamine dependence, found aripiprazole to not only be ineffective in 

reducing amphetamine use, but actually increased it (116). The poor 

results regarding antipsychotics reported in Study III, could be partly 

related to protopathic bias. In other words, the initiation of antipsychotics 

is a consequence of worsened clinical state, which is the actual reason for 

hospitalisation or death, rather than the medication. Nevertheless, it is 

important to state that the results remained unchanged when the analysis 
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omitted the 30 first days after medication was initiated to control 

protopathic bias. In Study III, the combination of different SUD medications 

was associated with a lower risk of SUD hospitalisation and all-cause 

hospitalisation or death. People affected by SUDs are more likely to have 

comorbidities to other SUDs (156), and treating different disorders with 

different medications may lead to better outcomes, which may explain the 

positive results in Study III. Despite previous, although scarce, evidence 

that topiramate could be effective in reducing methamphetamine use, 

Study III found no association between the use of any mood stabiliser and 

the outcomes. 

It is possible that the beneficial effects associated with using 

lisdexamphetamine to treat MAUD reported in Study III are due to 

adequate treatment of undiagnosed ADHD, which is potentially the 

underlying reason for the use of amphetamines; this is plausible, as ADHD 

is highly comorbid with MAUD (157). A systematic review and meta-analysis 

by Tardelli et al., conducted in 2020, assessed, whether persons with 

stimulant use disorder and comorbid ADHD show a different response to 

prescribed psychostimulants, and found a significant benefit of 

psychostimulants in trials that did not report an ADHD diagnosis, whereas 

no benefit was observed in trials including persons with co-occuring ADHD 

(58). Furthermore, there is some evidence that particularly 

lisdexamphetamine is effective in the treatment of MAUD due to high 

efficacy and lower abuse potential than faster-acting stimulants (154,158). 

The most beneficial outcome in Study III was observed for doses ranging 

from 45–85 mg/day. When used to treat ADHD, the dosage of 

lisdexamphetamine usually ranges from 30–70 mg/day (158). However, 

there is some evidence that people with longterm, high-dose exposure to 

amphetamines may require higher doses of psychostimulants to generate 

a sufficient agonist effect to reduce amphetamine use (58,155). According 

to recent pilot study by Ezard et al., lisdexamphetamine – at a dose of up to 

250 mg/day – is safe and well tolerated among patients with MAUD (158). 

Altogether, there is limited evidence regarding the safe and effective 

pharmacological treatment of MAUD. However, the positive findings 
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concerning the use of lisdexamphetamine among persons with MAUD, 

offers encouragement for further RCT investigations regarding the efficacy 

of lisdexamphetamine. Currently, at least one trial concerning 

lisdexamphetamine in the treatment of methamphetamine use disorder is 

ongoing (114). 

 

6.4 THE USE OF BENZODIAZEPINES AND RELATED DRUGS 

The use of benzodiazepines and related drugs was associated with poor 

outcomes, such as increased mortality, in two of the studies included in 

this dissertation (Study I and Study III). Benzodiazepines are depressants of 

the central nervous system which mainly influence gamma-aminobutyric 

(GABA) A-receptors, an important part of the main inhibitory system of the 

brain. Benzodiazepine-related drugs, refered to as the called “z-drugs” 

(zolpidem, zopiclone and zaleplon), are predominantly prescribed as 

hypnotics. (159) Benzodiazepines reached the clinical practice in 1960s and 

are nowadays one of the most prescribed drugs on the market. The 

proportion of patients who have been prescribed benzodiazepines in 

primary care has slightly declined from 3.5% in 2000 to 2.6% in 2016. 

However, at the same time, the prescribing of z-drugs has increased. (160) 

Despite recommendations that benzodiazepines and related drugs are 

only appropriate for short-term use, typically a maximum of four weeks, 

the long-term use of benzodiazepines remains common, with an estimated 

prevalence rate of about 3% among the general population; the relative 

proportion of long-term users among adults ranging from 6% to 76% 

(mean value of 24%) (161). Benzodiazepines are used for example to 

relieve insomnia, anxiety and various withdrawal symptoms. All of these 

symptoms may occur during SUD and people with SUD are more likely to 

misuse benzodiazepines. The use of benzodiazepines is particularly 

common in persons with AUD, OUD (for the alleviation of withdrawal 

symptoms) and MAUD (for the reduction/termination of stimulatory 

effects). (159,162) This was also seen in the studies included in this 

dissertation, as 34.0% of persons with AUD and 43.7% of persons with 
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MAUD used these medications during the follow-up period. As sedative 

medications, benzodiazepines enhance the sedative effects of alcohol and 

potentiate the respiratory depressive effects of opioids, which increases 

the risk of death due to overdose. (163) 

According to the results presented in Study I, the use of 

benzodiazepines is associated with an increased risk of hospitalisation due 

to AUD and all-cause mortality. In Study II, the use of benzodiazepines and 

related drugs were not analysed. Based on the results of Study III, the use 

of benzodiazepines and related drugs is associated with an increased risk 

of hospitalisation due to SUD and any cause and mortality in persons with 

MAUD. It is possible that the association between benzodiazepines and the 

increased risk of adverse outcomes could be affected by protopathic bias, 

meaning that the initiation of benzodiazepines is a consequence of a 

deterioration in the clinical state and benzodiazepines have been 

prescribed and initiated to relieve e.g., anxiety. In Study III, a sensitivity 

analysis which omitted the first 30 days of benzodiazepine use was 

performed to control for protopathic bias. The results of this analysis 

agreed with the findings of the main analysis. In fact, the risk of 

hospitalisations and death was even higher in omission-analysis compared 

to main analysis, indicating that increased risk of unfavourable outcomes 

associated with benzodiazepines cannot be explained by poor clinical state 

(e.g. anxiety), but rather the long-term use of benzodiazepines. 

Furthermore, the use of benzodiazepines was associated with poor 

outcomes in both the within- and between-individual models, which makes 

the results more generalisable. Thus, according to the results of the studies 

included in this dissertation, benzodiazepines are not associated with any 

beneficial outcomes in persons with SUD, but – on the contrary – can lead 

to highly detrimental consequences. The risks of benzodiazepine use 

among persons with SUD, have also been previously identified. (164) More 

specifically, benzodiazepine use may pose a risk for dependence, as well as 

overdose, and benzodiazepines are more likely to be misused among 

persons with SUD than the general population. (64,164) Moreover, 

benzodiazepines are not indicated in treatment of any SUD. If 



 

110 

benzodiazepines are used, this should be limited to situations that fall 

under the proper indication (such as the treatment of withdrawal 

symptoms) and last only until symptoms improve, after which 

benzodiazepine use should be tapered off (159,162,164). 

 

6.5 METHODOLOGICAL CONSIDERATIONS 

The strenghts of the studies presented in this dissertation include large, 

comprehensive and nationwide study cohorts and multiple years of follow 

up-time. With personal identification number information from different 

registers could be linked, and thus a broad array of outcomes could be 

studied. For these reasons, the results of the presented studies are 

generalisable to real-world patients with SUDs also in countries other than 

Sweden, which have relatively similar health-care systems. The majority of 

previous studies concerning pharmacotherapies of SUDs are randomized 

controlled studies (RCTs) that have assessed the effectiveness of a 

particular medication. However, RCTs are often characterized by the small 

and selected samples, along with rather short follow-up periods (usually 2–

12 months) (35,57,66,72,74); as such, the results are not generalisable to 

the wider population (165). As register-based data often cover years or 

potentially decades of follow-up information, these resources enable the 

assessment of long-term events (such as mortality and hospitalisation), as 

thousands of patients, along with multiple years of follow-up, are needed 

to reach the statistical power necessary to compare these relatively rare 

outcomes across multiple medications. Hence, observational, register-

based studies are pivotal to estimating the effects of interventions that 

cannot be tested using randomized designs. (166,167) However, 

observational studies bear the risk of being influenced by different biases. 

(166) In all three studies included in this dissertation, the selection bias has 

been strived to minimize with using within-individual analysis and 

conducting sensitivity analyses of the outcomes. 

Thus, one of the main strengths of the research underlying this 

dissertation is the utilisation of within-individual models in statistical 



 

111 

analyses (141,168), as this approach minimises selection bias and thereby 

enhances the reliability and validity of the findings. The within-individual 

approach dictates, that each individual acts as his or her own control 

enabling automatical controlling of time-invariant covariates. In this way, 

the selection bias related to characteristics of individual, such as sex, 

genetics and initial severity of SUD, can be eliminated, and only time-

varying factors (e.g., the temporal order of treatments, concomitant use of 

medications) need to be adjusted for. In addition to the within- individual 

design, analyses for the main outcomes were also conducted in between-

individual design. Within-individual model directly considers persons who 

have experienced the outcome and have variation in exposure status (time 

periods with and without medication). The use of between-individual 

analyses ensured that the results represent all members of the study 

cohort. Between-individual model was also used in mortality analyses, as 

within-individual models can only be utilised for outcomes which can 

happen multiple times for the same individual. The results from the 

between-individual analyses were in line with the results of within-

individual models; this increases the reliability and generalisability of the 

results. As register data on prescriptions dispensed are only available for 

outpatient care, periods of hospital care were excluded from the analyses. 

Data derived from the Prescribed Drug Register was modelled into drug 

use periods (i.e., when drug use started and ended) by using a PRE2DUP-

method. This method relies on calculating sliding averages of daily doses 

(measured in DDDs), the purchased amounts of medications, and 

individual patterns of medication use. As such, this approach considers 

variations in purchase histories due to events like stockpiling and periods 

of hospital care when drugs are supplied by the healthcare unit but not 

documented in the prescription register. (169) The PRE2DUP-method has 

demonstrated strong utility in generating precise estimates of drug use 

periods. The method describes drug use as well as data based on 

interviews (170) and has been stated to provide correct estimates of drug 

use periods based on the opinions of experts (171). In addition, PRE2DUP-
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method has been demonstrated to perform relatively well when assessed 

in relation to forensic-toxicologial findings (172). 

The studies presented in this dissertation were also affected by certain 

limitations. The studies, which were register-based and recorded only 

certain variables, were limited in scope regarding clinical information. For 

example, there were no data on the possible increase or decrease of 

substance use within the cohort because no information on possible illicit 

use of substances or levels in urine samples could be extracted. Thus, the 

effectiveness of a medication was evaluated based on secondary 

measures, such as the risk of hospitalisation, death, or work disability. 

However, these outcomes do represent significant and severe 

disadvantages for both the individual and society. In addition, it was 

impossible to know whether persons included in the cohort had received 

some form of psychosocial treatment during the follow-up period. 

Nevertheless, since the comparative effectiveness of the examined 

medications showed differences, the presence of potential psychosocial 

treatment alongside pharmacotherapy does not appear to be essential or 

crucial. Furthermore, there might also be some comorbidities, affecting 

both the use of studied medication and the expression of studied 

substance use disorder, that we are not aware of. For example, we do not 

know in Study III, whether the use of lisdexamphetamine was prescribed to 

treat ADHD or (off-label) MAUD. Furthermore, it is plausible that 

prescribing psychostimulants has required abstinence from substances, 

giving rise to the possibility of reverse causation, meaning that positive 

outcome may be attributed to abstinence rather than medication efficacy. 

However, comparative effectiveness of different psychostimulats showed 

differences and lisdexamphetamine was the only studied psychostimulant 

that was consistently associated with favourable outcomes in all of the 

analyses; this is an encouraging signal for further research. 

Whereas within-individual design effectively eliminates selection bias, 

i.e, patient characteristics driving prescription choices also drive the 

outcomes, there is also a risk of protophatic bias in observational studies, 

possibly affecting the interpretation of results. Protopathic bias is defined 



 

113 

as a phenomenon, where medications are often discontinued once the 

clinical state has improved, and then started again when the clinical state 

gets worse. This kind of phenomenon may underestimate the putative 

beneficial effect of the studied treatment. Protopathic bias can be 

diminished by omitting initial days from exposure-analyses. (166) In studies 

included in this dissertation, we utilised 30 days omission, and the results 

remained similar. 
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7 CONCLUSIONS 

1. Pharmacotherapies of AUD are underused. 

 

2. The risk of alcohol-related hospitalisations is lower when 

patients with AUD are treated with naltrexone or with 

combinations including naltrexone, disulfiram or acamprosate 

compared to time periods when these medications are not 

used. Naltrexone and drug-combinations in particular could be 

effective in the treatment of AUD and are recommended to be 

used as part of treatment protocol. 

 

3. Prescription benzodiazepine use was associated with poor 

outcomes in persons with AUD and MAUD indicating the 

increased risk of worsening of clinical state (e.g., possibly 

increased mental health issues or suicidality) when 

benzodiazepines are used. The use of benzodiazepines should 

be avoided other than in treatment of withdrawal symptoms. If 

benzodiazepines are used with proper indication, should 

treatment be short-term and gradually tapered. 

 

4. Buprenorphine and methadone were both associated with a 

lower risk of OUD-hospitalisation and death due to all and 

external causes, when compared with no use of OUD-

medication. Therefore, opioid agonists should be used in the 

treatment of OUD. The effectiveness of opioid agonist 

treatment appears to manifest within the first month of 

initiation and remains consistent during prolonged treatment, 

suggesting the possibility to continue treatment safely as long 

as needed. 
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5. Use of lisdexamphetamine was consistently associated with 

improved outcomes in persons with MAUD. As there are no 

pharmacotherapies approved by authorities for the treatment 

of MAUD due to scarce evidence, the result is encouraging. As a 

long-acting stimulant with minimal abuse potential, 

lisdexamphetamine could also be applicable to persons with 

SUD. However, further research in randomized controlled trials 

is needed to evaluate the efficacy of lisdexamphetamine in the 

treatment of MAUD. 



 

117 

REFERENCES 

1.  Volkow ND, Blanco C. Substance use disorders: a comprehensive 

update of classification, epidemiology, neurobiology, clinical aspects, 

treatment and prevention. World Psychiatry. 2023; 22:203–29. 

2.  Connery HS, McHugh RK, Reilly M, Shin S, Greenfield SF. Substance 

Use Disorders in Global Mental Health Delivery: Epidemiology, 

Treatment Gap, and Implementation of Evidence-Based Treatments. 

Harv Rev Psychiatry. 2020;28(5):316–27. 

3.  Sordo L, Barrio G, Bravo MJ, Indave BI, Degenhardt L, Wiessing L, et 

al. Mortality risk during and after opioid substitution treatment: 

systematic review and meta-analysis of cohort studies. BMJ. 

2017;357:j1550. 

4.  Santo T, Clark B, Hickman M, Grebely J, Campbell G, Sordo L, et al. 

Association of Opioid Agonist Treatment with All-Cause Mortality and 

Specific Causes of Death among People with Opioid Dependence: A 

Systematic Review and Meta-analysis. JAMA Psychiatry. 

2021;78(9):979–93. 

5.  Connery HS. Medication-assisted treatment of opioid use disorder: 

Review of the evidence and future directions. Harv Rev Psychiatry. 

2015;23(2):63–75. 

6.  Degenhardt L, Clark B, Macpherson G, Leppan O, Nielsen S, Zahra E, 

et al. Buprenorphine versus methadone for the treatment of opioid 

dependence: systematic review and meta-analysis of randomised 

and observational studies. The Lancet Psychiatry. 2023;10(6):386–

402. 

7.  Volkow ND, Boyle M. Neuroscience of addiction: Relevance to 

prevention and treatment. Am J Psychiatry. 2018;175(8):729–40. 

8.  Volkow ND, Morales M. The Brain on Drugs: From Reward to 

Addiction. Cell. 2015;162(4):712–25. 

9.  Yang W, Singla R, Maheshwari O, Fontaine CJ, Gil-Mohapel J. Alcohol 

Use Disorder: Neurobiology and Therapeutics. Biomedicines. 

2022;10(5):1–25. 

10.  Nutt DJ, Lingford-Hughes A, Erritzoe D, Stokes PRA. The dopamine 

theory of addiction: 40 years of highs and lows. Nat Rev Neurosci. 

2015;16(5):305–12. 



 

118 

11.  Koob GF, Volkow ND. Neurobiology of addiction: a neurocircuitry 

analysis. The Lancet Psychiatry. 2016;3(8):760–73. 

12.  Tzschentke TM, Schmidt WJ. Glutamatergic mechanisms in addiction. 

Mol Psychiatry. 2003;8(4):373–82. 

13.  World Health Organisation 2023. ICD-11 International Classification 

of Diseases 11th Revision. 

14.  American Psychiatric Association 2013. Diagnostic and statistical 

manual of mental disorders (5th ed.). 

15.  World Health Organisation 2023. WHO News - ICD-11 2023 release is 

here. Available at: https://www.who.int/news/item/14-02-2023-icd-

11-2023-release-is-here. Retrieved 16 May 2023. 

16.  World Health Organization 2010. ICD-10 classification of mental and 

behavioural disorders.  

17.  Hasin DS, O’Brien C, Auriacombe M, Borges G, Bucholz K, Budney A, 

et al. DSM-5 Criteria for Substance Use Disorders: Recommendations 

and Rationale. Am J Psychiatry. 2013;170(8):834–51. 

18.  Degenhardt L, Charlson F, Ferrari A, Santomauro D, Erskine H, 

Mantilla-Herrara A, et al. The global burden of disease attributable to 

alcohol and drug use in 195 countries and territories, 1990–2016: A 

systematic analysis for the Global Burden of Disease Study 2016. 

Lancet. 2018;5:987–1012. 

19.  World Health Organisation 2022. Health topics. Drugs (psychoactive). 

20.  UNODC United Nations Office on Drugs and Crime. World Drug 

Report 2022. 

21.  Han B, Compton WM, Jones CM, Einstein EB, Volkow ND. 

Methamphetamine Use, Methamphetamine Use Disorder, and 

Associated Overdose Deaths among US Adults. JAMA Psychiatry. 

2021;78(12):1329–42. 

22.  Kariisa M, Seth P, Scholl L, Wilson N, Davis NL. Drug overdose deaths 

involving cocaine and psychostimulants with abuse potential among 

racial and ethnic groups – United States, 2004–2019. Drug Alcohol 

Depend. 2021;227. 

23.  Wu LT, Zhu H, Ghitza UE. Multicomorbidity of chronic diseases and 

substance use disorders and their association with hospitalization: 

Results from electronic health records data. Drug Alcohol Depend. 

2018;192:316–23. 

  



 

119 

24.  World Health Organisation 2018. Global status report on alcohol and 

health 2018. Geneva. 

25.  Degenhardt L, Glantz M, Evans-Lacko S, Sadikova E, Sampson N, 

Thornicroft G, et al. Estimating treatment coverage for people with 

substance use disorders: an analysis of data from the World Mental 

Health Surveys. World Psychiatry. 2017 Oct;16(3):299–307. 

26.  Connor JP, Haber PS, Hall WD. Alcohol use disorders. Lancet. 

2016(387). 

27.  Schuckit MA. Alcohol-use disorders. Lancet. 2009;373(9662):492–501. 

28.  World Health Organisation 2019. International Statistical 

Classification of Diseases and Related Health Problems 10th Revision 

(ICD-10) WHO version of 2019; covid-expanded. 

29.  Hyland K, Hammarberg A, Andreasson S, Jirwe M. Treatment of 

alcohol dependence in Swedish primary care: perceptions among 

general practitioners. Scand J Prim Health Care. 2021;39(2):247–56. 

30.  Roerecke M, Rehm J. Alcohol use disorders and mortality: A 

systematic review and meta-analysis. Addiction. 2013;108(9):1562–

78. 

31.  Westman J, Wahlbeck K, Laursen TM, Gissler M, Nordentoft M, 

Hällgren J, et al. Mortality and life expectancy of people with alcohol 

use disorder in Denmark, Finland and Sweden. Acta Psychiatr Scand. 

2015;131(4):297–306. 

32.  Kranzler HR, Soyka M. Diagnosis and pharmacotherapy of alcohol 

use disorder a review. JAMA. 2018;320(8):815–24. 

33.  Kendler KS, Ohlsson H, Karriker-Jaffe KJ, Sundquist J, Sundquist K. 

Social and economic consequences of alcohol use disorder: A 

longitudinal cohort and co-relative analysis. Psychol Med. 

2017;47(5):925–35. 

34.  Kim Y, Hack LM, Ahn ES, Kim J. Practical outpatient pharmacotherapy 

for alcohol use disorder. Drugs Context. 2018;7:21238. 

35.  Ray LA, Meredith LR, Kiluk BD, Walthers J, Carroll KM, Magill M. 

Combined pharmacotherapy and cognitive behavioral therapy for 

adults with alcohol or substance use disorders: A systematic review 

and meta-analysis. JAMA Netw Open. 2020;3(6):1–15. 

36.  Mekonen T, Chan GCK, Connor J, Hall W, Hides L, Leung J. Treatment 

rates for alcohol use disorders: a systematic review and meta-

analysis. Addiction. 2021;116(10):2617–34. 



 

120 

37.  Knox J, Hasin DS, Larson FRR, Kranzler HR. Prevention, screening, 

and treatment for heavy drinking and alcohol use disorder. The 

Lancet Psychiatry. 2019;6(12):1054–67. 

38.  United Nations Office on Drugs and Crime, UNODC 2021. World 

Drug Report. Booklet 3. Drug Market Trends: Cannabis and Opioids.  

39.  Bahji A, Cheng B, Gray S, Stuart H. Mortality Among People With 

Opioid Use Disorder: A Systematic Review and Meta-analysis. J Addict 

Med. 2020;14(4):118–32. 

40.  Strang J, Volkow ND, Degenhardt L, Hickman M, Johnson K, Koob GF, 

et al. Opioid use disorder. Nat Rev Dis Prim. 2020;6(1). 

41.  Volkow ND, Jones EB, Einstein EB, Wargo EM. Prevention and 

Treatment of Opioid Misuse and Addiction: A Review. JAMA 

Psychiatry. 2019;76(2):208–16. 

42.  Hser YI, Evans E, Grella C, Ling W, Anglin D. Long-term course of 

opioid addiction. Harv Rev Psychiatry. 2015;23(2):76–89. 

43.  Volkow ND, Blanco C. Medications for opioid use disorders: Clinical 

and pharmacological considerations. J Clin Invest. 2020;130(1):10–3. 

44.  Kakko J, Alho H, Baldacchino A, Molina R, Nava FA, Shaya G. Craving 

in opioid use disorder: From neurobiology to clinical practice. Front 

Psychiatry. 2019;10(AUG):1–12. 

45.  Lancet 2019. Other drug use disorders - Level 4 cause. 2019;4–5. 

Available at: https://www.thelancet.com/gbd/summaries. Retrieved 

30 Nov 2023.  

46.  Wakeman SE, Larochelle MR, Ameli O, Chaisson CE, McPheeters JT, 

Crown WH, et al. Comparative Effectiveness of Different Treatment 

Pathways for Opioid Use Disorder. JAMA Netw open. 2020;3(2). 

47.  World Health Organisation 2020. Opioid overdose. Available at: 

www.who.int. Retrieved 16 May 2022. 

48.  Fugelstad A, Thiblin I, Johansson LA, Ågren G, Sidorchuk A. Opioid-

related deaths and previous care for drug use and pain relief in 

Sweden. Drug Alcohol Depend. 2019;201:253–9. 

49.  Simonsen KW, Edvardsen HME, Thelander G, Ojanperä I, 

Thordardottir S, Andersen L V., et al. Fatal poisoning in drug addicts 

in the Nordic countries in 2012. Forensic Sci Int. 2015;248:172–80. 

50.  Häkkinen M, Launiainen T, Vuori E, Ojanperä I. Benzodiazepines and 

alcohol are associated with cases of fatal buprenorphine poisoning. 

Eur J Clin Pharmacol. 2012;68(3):301–9. 



 

121 

51.  Williams AR, Nunes E V., Bisaga A, Pincus HA, Johnson KA, Campbell 

AN, et al. Developing an opioid use disorder treatment cascade: A 

review of quality measures. J Subst Abuse Treat. 2018;91:57–68. 

52.  Volkow ND, Blanco C. The Changing Opioid Crisis: development, 

challenges and opportunities. Mol Psychiatry. 2021;26(1):218–33. 

53.  Paulus MP, Stewart JL. Methamphetamine Use Disorder : The Next 

Addiction Crisis. JAMA Psychiatry. 2020;77(9):959–66. 

54.  United Nations Office on Drugs and Crime, UNODC 2019. World 

Drug Report 2019. Trade and Foreign Direct Investment in Data 

Services. 2019. 126–148 p. 

55.  Siefried KJ, Acheson LS, Lintzeris N, Ezard N. Pharmacological 

Treatment of Methamphetamine/Amphetamine Dependence: A 

Systematic Review. CNS Drugs. 2020;34(4):337–65. 

56.  Lee NK, Jenner L, Harney A, Cameron J. Pharmacotherapy for 

amphetamine dependence: A systematic review. Drug Alcohol 

Depend. 2018;191:309–37. 

57.  Pérez-Mañá C, Castells X, Torrens M, Capellà D, Farre M. Efficacy of 

psychostimulant drugs for amphetamine abuse or dependence. 

Cochrane Database Syst Rev. 2013;2013(9). 

58.  Tardelli VS, Bisaga A, Arcadepani FB, Gerra G, Levin FR, Fidalgo TM. 

Prescription psychostimulants for the treatment of stimulant use 

disorder: a systematic review and meta-analysis. 

Psychopharmacology (Berl). 2020;237(8):2233–55. 

59.  Lancet 2019. Amphetamine use disorders - Level 4 cause. 2019;4–5. 

60.  Stockings E, Thi Tran L, Santo Jr. T, Peacock A, Larney S, Santomauro 

D, et al. Mortality among people with regular or problematic use of 

amphetamines: a systematic review and meta-analysis. Addiction. 

2019;114(10):1738–50. 

61.  Åhman A, Jerkeman A, Blomé MA, Björkman P, Håkansson A. 

Mortality and causes of death among people who inject 

amphetamine: A long-term follow-up cohort study from a needle 

exchange program in Sweden. Drug Alcohol Depend. 2018;188:274–

80. 

62.  Farrell M, Martin NK, Stockings E, Bórquez A, Cepeda JA, Degenhardt 

L, et al. Responding to global stimulant use: challenges and 

opportunities. Lancet. 2019;394:1652–67. 

  



 

122 

63.  Al-Tayyib A, Koester S, Langegger S, Raville L. Heroin and 

Methamphetamine Injection: An Emerging Drug Use Pattern. Subst 

Use Misuse. 2017;52(8):1051–8. 

64.  Votaw VR, Geyer R, Rieselbach MM, McHugh RK. The epidemiology of 

benzodiazepine misuse: A systematic review. Drug Alcohol Depend. 

2019;200:95–114. 

65.  Antonelli M, Ferrulli A, Sestito L, Vassallo GA, Tarli C, Mosoni C, et al. 

Expert Opinion on Drug Safety Alcohol addiction - the safety of 

available approved treatment options. Expert Opin Drug Saf. 

2018;17(2):169–77. 

66.  Skinner MD, Lahmek P, Pham H loı¨se, Aubin H-J. Disulfiram Efficacy 

in the Treatment of Alcohol Dependence : A Meta-Analysis. 2014;9(2). 

67.  Goh ET, Morgan MY. Review article: pharmacotherapy for alcohol 

dependence – the why, the what and the wherefore. Aliment 

Pharmacol Ther. 2017;45(7):865–82. 

68.  Yahn SL, Lucas R, Olive MF. Substance Abuse : Research and 

Treatment Safety and Efficacy of Acamprosate for the Treatment of 

Alcohol Dependence:1–12. 

69.  Mutschler J, Grosshans M, Soyka M, Meiringen P. Current Findings 

and Mechanisms of Action of Disulfiram in the Treatment of Alcohol 

Dependence. 2016;137–41. 

70.  Laaksonen E, Koski-Jännes A, Salaspuro M, Ahtinen H, Alho H. A 

randomized, multicentre, open-label, comparative trial of disulfiram, 

naltrexone and acamprosate in the treatment of alcohol 

dependence. Alcohol Alcohol. 2008;43(1):53–61. 

71.  Zastrozhin MS, Skryabin VY, Miroshkin SS, Bryun EA, Sychev DA. 

Pharmacogenetics of alcohol addiction : current perspectives. 

2019;131–40. 

72.  Jonas DE, Amick HR, Feltner C, Bobashev G, Thomas K, Wines R, et al. 

Pharmacotherapy for adults with alcohol use disorders in outpatient 

settings: A systematic review and meta-analysis. JAMA. 

2014;311(18):1889–900. 

73.  Donoghue K, Elzerbi C, Saunders R, Whittington C, Pilling S, 

Drummond C. The efficacy of acamprosate and naltrexone in the 

treatment of alcohol dependence, Europe versus the rest of the 

world: A meta-analysis. Addiction. 2015;110(6):920–30. 

  



 

123 

74.  Bahji A, Bach P, Danilewitz M, Crockford D, Devoe DJ, El-Guebaly N, et 

al. Pharmacotherapies for Adults with Alcohol Use Disorders: A 

Systematic Review and Network Meta-analysis. J Addict Med. 

2022;16(6):630–8. 

75.  Rabiee A, Mahmud N, Falker C, Garcia-Tsao G, Taddei T, Kaplan DE. 

Medications for alcohol use disorder improve survival in patients 

with hazardous drinking and alcohol-associated cirrhosis. Hepatol 

Commun. 2023;7(4):1–12. 

76.  Murphy CE, Wang RC, Montoy JC, Whittaker E, Raven M. Effect of 

extended-release naltrexone on alcohol consumption: a systematic 

review and meta-analysis. Addiction. 2022;117(2):271–81. 

77.  Bacardi A, Ghali B, Kishore S. 2022. Application to add naltrexone to 

the WHO Essential Medicines List for adults. Available at: 

https://cdn.who.int/media/docs/default-source/essential-

medicines/2023-eml-expert-committee/applications-for-addition-of-

new-medicines/a26_naltrexone.pdf?sfvrsn=7900e652_2. Retrieved 

25 May 2023. 

78.  Maisel NC, Blodgett JC, Wilbourne PL, Humphreys K, Finney JW. Meta-

analysis of naltrexone and acamprosate for treating alcohol use 

disorders: When are these medications most helpful? Addiction. 

2013;108(2):275–93. 

79.  Kedia SK, Ahuja N, Dillon PJ, Jones A, Kumar S, Satapathy S. Efficacy of 

Extended-Release Injectable Naltrexone on Alcohol Use Disorder 

Treatment: A Systematic Review. J Psychoactive Drugs. 

2022;55(2):233–45. 

80.  Volpicelli J, Alterman A, Hayashida M, O’Brien C. Naltrexone in the 

Treatment of Alcohol Dependence. Arch Gen Psychiatry. 

1992;49:876–80. 

81.  Drobes DJ, Anton RF, Thomas SE, Voronin K. Effects of naltrexone 

and nalmefene on subjective response to alcohol among non-

treatment-seeking alcoholics and social drinkers. Alcohol Clin Exp 

Res. 2004;28(9):1362–70. 

82.  Mann K, Torup L, Sørensen P, Gual A, Swift R, Walker B, et al. 

Nalmefene for the management of alcohol dependence: review on 

its pharmacology, mechanism of action and meta-analysis on its 

clinical efficacy. Eur Neuropsychopharmacol. 2016;26(12). 

  



 

124 

83.  Chick J, Andersohn F, Guillo S, Borchert K, Toussi M, Braun S, et al. 

Safety and Persistence of Nalmefene Treatment for Alcohol 

Dependence. Results from Two Post-authorisation Safety Studies. 

Alcohol Alcohol. 2021;56(5):556–64. 

84.  LiverTox. Clinical and Research Information on Drug Induced Liver 

Injury. Bethesda (MD): National Institute of Diabetes and Digestive 

and Kidney Diseases; 2012-. Nalmefene. Available at: 

https://pubmed.ncbi.nlm.nih.gov/31643176/. Retrieved 25 June 2023. 

85.  Van Den Brink W, Sørensen P, Torup L, Mann K, Gual A. Long-term 

efficacy, tolerability and safety of nalmefene as-needed in patients 

with alcohol dependence: A 1-year, randomised controlled study. J 

Psychopharmacol. 2014;28(8):733–44. 

86.  Karhuvaara S, Simojoki K, Virta A, Rosberg M, Löyttyniemi E, 

Nurminen T, et al. Targeted nalmefene with simple medical 

management in the treatment of heavy drinkers: A randomized 

double-blind placebo-controlled multicenter study. Alcohol Clin Exp 

Res. 2007;31(7):1179–87. 

87.  Palpacuer C, Duprez R, Huneau A, Locher C, Boussageon R, Laviolle 

B, et al. Pharmacologically controlled drinking in the treatment of 

alcohol dependence or alcohol use disorders: A systematic review 

with direct and network meta-analyses on nalmefene, naltrexone, 

acamprosate, baclofen and topiramate. Addiction. 2017;113:220–37. 

88.  Palpacuer C, Laviolle B, Boussageon R, Reymann JM, Bellissant E, 

Naudet F. Risks and Benefits of Nalmefene in the Treatment of Adult 

Alcohol Dependence: A Systematic Literature Review and Meta-

Analysis of Published and Unpublished Double-Blind Randomized 

Controlled Trials. PLoS Med. 2015;12(12):1–17. 

89.  Wolf C, Curry A, Nacht J, Simpson SA. Management of alcohol 

withdrawal in the emergency department: Current perspectives. 

Open Access Emerg Med. 2020;12:53–65. 

90.  Liang J, Olsen RW. Alcohol use disorders and current 

pharmacological therapies: The role of GABAA receptors. Acta 

Pharmacol Sin. 2014;35(8):981–93. 

91.  Mayo-Smith MF, Beecher LH, Fischer TL, Gorelick DA, Guillaume JL, 

Hill A, et al. Management of Alcohol Withdrawal Delirium An 

Evidence-Based Practice Guideline. Arch Intern Med. 

2004;164(13):1405–12. 



 

125 

92.  Kattimani S, Bharadwaj B. Clinical management of alcohol 

withdrawal: A systematic review. Ind Psychiatry J. 2013;22(2):100–8. 

93.  Mueller TI, Pagano ME, Rodriguez BF, Bruce SE, Stout RL, Keller MB. 

Long-term use of benzodiazepines in participants with comorbid 

anxiety and alcohol use disorders. Alcohol Clin Exp Res. 

2005;29(8):1411–8. 

94.  Chaignot C, Zureik M, Coste J, Weill A, Rey G. Risk of hospitalisation 

and death related to baclofen for alcohol use disorders : Comparison 

with nalmefene, acamprosate, and naltrexone in a cohort study of 

165 334 patients between 2009 and 2015 in France. 2018;(July):1239–

48. 

95.  Morley KC, Logge W, Pearson SA, Baillie A, Haber PS. National trends 

in alcohol pharmacotherapy: Findings from an Australian claims 

database. Drug Alcohol Depend. 2016;166:254–7. 

96.  Wallhed Finn S, Lundin A, Sjöqvist H, Danielsson AK. 

Pharmacotherapy for alcohol use disorders – Unequal provision 

across sociodemographic factors and co-morbid conditions. A cohort 

study of the total population in Sweden. Drug Alcohol Depend. 

2021;227. 

97.  Läkemedelsverket. Swedish Medical Product Agency. Available at: 

https://läkemedelsverket.se/en. Retrieved 19 May 2023. 

98.  Bell J, Strang J. Medication Treatment of Opioid Use Disorder. Biol 

Psychiatry. 2020;87(1):82–8. 

99.  Ma J, Bao YP, Wang RJ, Su MF, Liu MX, Li JQ, et al. Effects of 

medication-assisted treatment on mortality among opioids users: A 

systematic review and meta-analysis. Mol Psychiatry. 

2019;24(12):1868–83. 

100.  European Monitoring Centre for Drugs and Drug Addiction 2012. 

New heroin-assisted treatment. 2012. Available at: 

https://www.emcdda.europa.eu/publications/insights/heroin-

assisted-treatment_en. Retrieved 15 Mar 2023. 

101.  Shulman M, Wai JM, Nunes E V. Buprenorphine Treatment for Opioid 

Use Disorder:An Overview. CNS Drugs. 2019;33(6):567–80. 

102.  Toce MS, Chai PR, Burns MM, Boyer EW. Pharmacologic Treatment of 

Opioid Use Disorder: a Review of Pharmacotherapy, Adjuncts, and 

Toxicity. J Med Toxicol. 2018;14(4):306–22. 

  



 

126 

103.  Faggiano F, Vigna-Taglianti F, Versino E, Lemma P. Methadone 

maintenance at different dosages for opioid dependence. Cochrane 

Database Syst Rev. 2003. 

104.  Kelty E, Hulse G. Fatal and non-fatal opioid overdose in opioid 

dependent patients treated with methadone, buprenorphine or 

implant naltrexone. Int J Drug Policy. 2017;46:54–60.  

105.  Socialstyrelsen 2019. Nationella riktlinjer för vård och stöd vid 

missbruk och beroende. Available at: www.socialstyrelsen.se. 

Retrieved 26 Jun 2023. 

106.  Soyka M. Treatment of opioid dependence with buprenorphine: 

current update Introduction: extent of the problem. 2019;1–18.  

107.  Hser Y, Ph D, Evans E, Huang D, Weiss R, Ph D, et al. Long-term 

outcomes after randomization to buprenorphine/naloxone versus 

methadone in a multi-site trial. Addiction. 2017;111(4):695–705. 

108.  Molero Y, Zetterqvist J, Binswanger IA, Hellner C, Larsson H, Fazel S. 

Medications for alcohol and opioid use disorders and risk of suicidal 

behavior, accidental overdoses, and crime. Am J Psychiatry. 

2018;175(10):970–8. 

109.  Gedeon C, Sandell M, Birkemose I, Kakko J, Rúnarsdóttir V, Simojoki 

K, et al. Standards for opioid use disorder care: An assessment of 

Nordic approaches. NAD Nord Stud Alcohol Drugs. 2019;36(3):286–

98. 

110.  Chan B, Freeman M, Kondo K, Ayers C, Montgomery J, Paynter R, et 

al. Pharmacotherapy for methamphetamine/amphetamine use 

disorder – a systematic review and meta-analysis. Addiction. 

2019;114(12):2122–36. 

111.  Herin D V., Rush CR, Grabowski J. Agonist-like pharmacotherapy for 

stimulant dependence: Preclinical, human laboratory, and clinical 

studies. Ann N Y Acad Sci. 2010;1187:76–100. 

112.  Galloway GP, Buscemi R, Coyle JR, Flower K, Siegrist JD, Fiske LA, et al. 

A randomized, placebo-controlled trial of sustained-release 

dextroamphetamine for treatment of methamphetamine addiction. 

Clin Pharmacol Ther. 2011;89(2):276–82. 

113.  Longo M, Wickes W, Smout M, Harrison S, Cahill S, White JM. 

Randomized controlled trial of dexamphetamine maintenance for 

the treatment of methamphetamine dependence. Addiction. 

2010;105(1):146–54. 



 

127 

114.  Ezard N, Dunlop A, Hall M, Ali R, McKetin R, Bruno R, et al. LiMA: A 

study protocol for a randomised, double-blind, placebo controlled 

trial of lisdexamfetamine for the treatment of methamphetamine 

dependence. BMJ Open. 2018;8(7). 

115.  Miles SW, Sheridan J, Russell B, Kydd R, Wheeler A, Walters C, et al. 

Extended-release methylphenidate for treatment of 

amphetamine/methamphetamine dependence: A randomized, 

double-blind, placebo-controlled trial. Addiction. 2013;108(7):1279–

86. 

116.  Tiihonen J, Kuoppasalmi K, Föhr J, Tuomola P, Kuikanmäki O, Vorma 

H, et al. A comparison of aripiprazole, methylphenidate, and placebo 

for amphetamine dependence. Am J Psychiatry. 2007;164(1):160–2. 

117.  Ling W, Chang L, Hillhouse M, Ang A, Striebel J, Jenkins J, et al. 

Sustained-release methylphenidate in a randomized trial of 

treatment of methamphetamine use disorder. Addiction. 

2014;109(9):1489–500. 

118.  Jayaram-Lindström N, Hammarberg A, Beck O, Franck J. Naltrexone 

for the treatment of amphetamine dependence: a randomized, 

placebo-controlled trial. Am J Psychiatry. 2008;165(11):1442–8. 

119.  Tiihonen J, Krupitsky E, Verbitskaya E, Blokhina E, Mamontova O, 

Föhr J, et al. Naltrexone implant for the treatment of polydrug 

dependence: A randomized controlled trial. Am J Psychiatry. 

2012;169(5):531–6. 

120.  Trivedi MH, Walker R, Ling W, dela Cruz A, Sharma G, Carmody T, et 

al. Bupropion and Naltrexone in Methamphetamine Use Disorder. N 

Engl J Med. 2021;384(2):140–53. 

121.  Colfax GN. Mirtazapine to Reduce Methamphetamine Use. Arch Gen 

Psychiatry. 2011;68(11):1168. 

122.  Coffin PO, Santos GM, Das M, Santos DM, Huffaker S, Matheson T, et 

al. Aripiprazole for the treatment of methamphetamine dependence: 

A randomized, double-blind, placebo-controlled trial. Addiction. 

2013;108(4):751–61. 

123.  Rezaei F, Emami M, Zahed S, Morabbi MJ, Farahzadi M, Akhondzadeh 

S. Sustained-release methylphenidate in methamphetamine 

dependence treatment: A double-blind and placebo-controlled trial. 

DARU, J Pharm Sci. 2015;23(1):18–25. 

  



 

128 

124.  Elkashef A, Kahn R, Yu E, Iturriaga E, Li SH, Anderson A, et al. 

Topiramate for the treatment of methamphetamine addiction: A 

multi-center placebo-controlled trial. Addiction. 2012;107(7):1297–

306. 

125.  Rezaei F, Ghaderi E, Mardani R, Hamidi S, Hassanzadeh K. 

Topiramate for the management of methamphetamine dependence: 

A pilot randomized, double-blind, placebo-controlled trial. Fundam 

Clin Pharmacol. 2016;30(3):282–9. 

126.  Coffin PO, Santos GM, Hern J, Vittinghoff E, Walker JE, Matheson T, et 

al. Effects of Mirtazapine for Methamphetamine Use Disorder among 

Cisgender Men and Transgender Women Who Have Sex with Men: A 

Placebo-Controlled Randomized Clinical Trial. JAMA Psychiatry. 

2020;77(3):246–55. 

127.  Molero Y, Zetterqvist J, Binswanger IA, Hellner C, Larsson H, Fazel S. 

Medications for alcohol and opioid use disorders and risk of suicidal 

behavior, accidental overdoses, and crime. Am J Psychiatry. 

2018;175(10):970–8. 

128.  Robinson SM, Adinoff B. The mixed message behind “Medication-

Assisted Treatment” for substance use disorder. Am J Drug Alcohol 

Abuse. 2018;44(2):147–50. 

129.  Furu K, Wettermark B, Andersen M, Martikainen JE, Almarsdottir AB, 

Sørensen HT. The Nordic Countries as a Cohort for 

Pharmacoepidemiological Research. Basic Clin Pharmacol Toxicol. 

2010;106(2):86–94. 

130.  Socialstyrelsen. National Patient Register. 2019. Available at: 

www.socialstyrelsen.se/en/statistics-and-data/registers/national-

patient-register/. Retrieved 15 Dec 2023. 

131.  Brooke HL, Talbäck M, Hörnblad J, Johansson LA, Ludvigsson JF, Druid 

H, et al. The Swedish cause of death register. Eur J Epidemiol. 

2017;32(9):765–73. 

132.  Ludvigsson JF, Svedberg P, Olén O, Bruze G, Neovius M. The 

longitudinal integrated database for health insurance and labour 

market studies (LISA) and its use in medical research. Eur J 

Epidemiol. 2019;34(4):423–37. 

133.  Leijon O, Josephson M, Österlund N. Sick-listing adherence: A 

register study of 1.4 million episodes of sickness benefit 2010-2013 

in Sweden Service organization, utilization, and delivery of care. BMC 



 

129 

Public Health. 2015;15(1):1–14. 

134.  World Health Organisation Collaborating Centre for Drug W. The 

Anatomical Therapeutic Chemical Classification System: structure 

and principles. Available at: 

https://www.whocc.no/atc/structure_and_principles/. Retreived 23 

Sep 2020. 

135.  World Health Organisation Collaborating Centre for Drug W. DDD. 

Definition and general considerations. 2018. Available at: 

https://www.whocc.no/ddd/definition_and_general_co. Retreived 23 

Sep 2020. 

136.  Correll CU, Solmi M, Croatto G, Schneider LK, Rohani-Montez SC, 

Fairley L, et al. Mortality in people with schizophrenia: a systematic 

review and meta-analysis of relative risk and aggravating or 

attenuating factors. World Psychiatry. 2022;21(2):248–71. 

137.  Lähteenvuo M, Paljärvi T, Tanskanen A, Taipale H, Tiihonen J. Real-

world effectiveness of pharmacological treatments for bipolar 

disorder: Register-based national cohort study. Br J Psychiatry. 

2023;456–64. 

138.  Tanskanen A, Taipale H, Koponen M, Tolppanen A-M, Hartikainen S, 

Ahonen R, et al. From prescription drug purchases to drug use 

periods -- a second generation method (PRE2DUP). BMC Med Inform 

Decis Mak. 2015 Nov;15(1):21. 

139.  Taipale H, Tanskanen A, Correll CU, Tiihonen J. Real-world 

effectiveness of antipsychotic doses for relapse prevention in 

patients with first-episode schizophrenia in Finland: a nationwide, 

register-based cohort study. The Lancet Psychiatry. 2022;9(4):271–9. 

140.  Katz MH, Hauck WW. Proportional hazards (Cox) regression. J Gen 

Intern Med. 1993;8(12):702–11. 

141.  Lichtenstein P, Halldner L, Zetterqvist J, Sjölander A, Fazel S, 

Långström N, et al. Supplementary Appendix for the paper 

“Medication for ADHD and Criminality” Table of contents.:1–11. 

142.  Patino C, Ferreira J. Research methods knowledge base: Qualitative 

validity. J Bras Pneumol. 2018;44(3):183. 

143.  Naglich AC, Lin A, Wakhlu S, Adinoff BH. Systematic Review of 

Combined Pharmacotherapy for the Treatment of Alcohol Use 

Disorder in Patients Without Comorbid Conditions. CNS Drugs. 

2018;32(1):13–31. 



 

130 

144.  Chick J. Safety Issues Concerning the Use of Disulfiram in Treating 

Alcohol Dependence. Drug Saf. 1999;20(5):427–35. 

145.  Fitzgerald N, Angus K, Elders A, de Andrade M, Raistrick D, Heather 

N, et al. Weak evidence on nalmefene creates dilemmas for clinicians 

and poses questions for regulators and researchers. Addiction. 

2016;111(8):1477–87. 

146.  Stevenson M, Pandor A, Stevens JW, Rawdin A, Rice P, Thompson J, et 

al. Nalmefene for Reducing Alcohol Consumption in People with 

Alcohol Dependence: An Evidence Review Group Perspective of a 

NICE Single Technology Appraisal. Pharmacoeconomics. 

2015;33(8):833–47. 

147.  Antonelli M, Sestito L, Tarli C, Addolorato G. Perspectives on the 

pharmacological management of alcohol use disorder: Are the 

approved medications effective? Eur J Intern Med. 2022;103:13–22. 

148.  Thompson A, Ashcroft DM, Owens L, Van Staa TP, Pirmohamed M. 

Drug therapy for alcohol dependence in primary care in the UK: A 

Clinical Practice Research Datalink study. PLoS One. 2017;12(3):1–14. 

149.  Carpenter JE, LaPrad D, Dayo Y, DeGrote S, Williamson K. An 

Overview of Pharmacotherapy Options for Alcohol Use Disorder. Fed 

Pract. 2018;35(10):48–58. 

150.  Evans E, Li L, Min J, Huang D, Urada D, Liu L, et al. Mortality among 

individuals accessing pharmacological treatment for opioid 

dependence in California, 2006-10. Addiction. 2015;110(6):996–1005. 

151.  Bech AB, Clausen T, Waal H, Šaltyte Benth J, Skeie I. Mortality and 

causes of death among patients with opioid use disorder receiving 

opioid agonist treatment: A national register study. BMC Health Serv 

Res. 2019;19(1):1–10. 

152.  Abrahamsson T, Berge J, Öjehagen A, Håkansson A. Benzodiazepine, 

z-drug and pregabalin prescriptions and mortality among patients in 

opioid maintenance treatment—A nation-wide register-based open 

cohort study. Drug Alcohol Depend. 2017;174:58–64. 

153.  Hodgkins P, Shaw M, McCarthy S, Sallee FR. The Pharmacology and 

Clinical Outcomes of Amphetamines to Treat ADHD. CNS Drugs. 

2012;26(3):245–68. 

154.  Jasinski DR, Krishnan S. Human pharmacology of intravenous 

lisdexamfetamine dimesylate: Abuse liability in adult stimulant 

abusers. J Psychopharmacol. 2009;23(4):410–8. 



 

131 

155.  Sharafi H, Bakouni H, McAnulty C, Drouin S, Coronado-Montoya S, 

Bahremand A, et al. Prescription psychostimulants for the treatment 

of amphetamine-type stimulant use disorder: A systematic review 

and meta-analysis of randomized placebo-controlled trials. 

Addiction. 2023;(August):1–15. 

156.  Kendler KS, Ohlsson H, Sundquist J, Sundquist K. The 

Interrelationship of the Genetic Risks for Different Forms of 

Substance Use Disorder in a Swedish National Sample: A Top-Down 

Genetic Analysis. J Stud Alcohol Drugs. 2023;84(3):361–7. 

157.  Obermeit LC, Cattie JE, Bolden KA, Marquine MJ, Morgan EE, Franklin 

Jr. DR, et al. Attention-Deficit/Hyperactivity Disorder Among Chronic 

Methamphetamine Users: Frequency, Persistence, and Adverse 

Effects on Everyday Functioning. Addict Behav. 2013;38(12):2874–

2878. 

158.  Ezard N, Clifford B, Dunlop A, Bruno R, Carr A, Liu Z, et al. Safety and 

tolerability of oral lisdexamfetamine in adults with 

methamphetamine dependence: A phase-2 dose-escalation study. 

BMJ Open. 2021;11(5). 

159.  Saunders J, Conigrave K, Latt N, Nutt D, Marshall E, Ling W, et al. 

Addiction Medicine (2 edn). 2nd ed. Oxford University Press; 2016. 

160.  Hayhoe B, Lee-Davey J. Tackling benzodiazepine misuse. BMJ. 

2018;362. 

161.  Kurko TAT, Saastamoinen LK, Tähkäpää S, Tuulio-Henriksson A, 

Taiminen T, Tiihonen J, et al. Long-term use of benzodiazepines: 

Definitions, prevalence and usage patterns - A systematic review of 

register-based studies. Eur Psychiatry. 2015;30(8):1037–47. 

162.  McHugh RK, Votaw VR, Taghian NR, Griffin ML, Weiss RD. 

Benzodiazepine misuse in adults with alcohol use disorder: 

Prevalence, motives and patterns of use. J Subst Abuse Treat. 

2020;117. 

163.  Macleod J, Steer C, Tilling K, Cornish R, Marsden J, Millar T, et al. 

Prescription of benzodiazepines, z-drugs, and gabapentinoids and 

mortality risk in people receiving opioid agonist treatment: 

Observational study based on the UK Clinical Practice Research 

Datalink and Office for National Statistics death records. PLoS Med. 

2019;16(11):1–16. 

  



 

132 

164.  Jessell L, Stanhope V, Manuel JI, Mateu-Gelabert P. Factors associated 

with benzodiazepine prescribing in community mental health 

settings. J Subst Abuse Treat. 2020;109:56–60. 

165.  Sanson-Fisher RW, Bonevski B, Green LW, D’Este C. Limitations of the 

Randomized Controlled Trial in Evaluating Population-Based Health 

Interventions. Am J Prev Med. 2007;33(2):155–61. 

166.  Taipale H, Tiihonen J. Registry-based studies: What they can tell us, 

and what they cannot. Eur Neuropsychopharmacol. 2021;45:35–7. 

167.  Gilmartin-Thomas JFM, Liew D, Hopper I. Observational studies and 

their utility for practice. Aust Prescr. 2018;41(3):82–5. 

168.  Allison PD. Fixed effects regression models. SAGE; 2009. 

169.  Taipale H, Solmi M, Lähteenvuo M, Tanskanen A, Correll CU, Tiihonen 

J. Antipsychotic use and risk of breast cancer in women with 

schizophrenia: a nationwide nested case-control study in Finland. 

The Lancet Psychiatry. 2021;8(10):883–91. 

170.  Taipale H, Tanskanen A, Koponen M, Tolppanen AM, Tiihonen J, 

Hartikainen S. Agreement between PRE2DUP register data modeling 

method and comprehensive drug use interview among older 

persons. Clin Epidemiol. 2016;8:363–71. 

171.  Tanskanen A, Taipale H, Koponen M, Tolppanen AM, Hartikainen S, 

Ahonen R, et al. Drug exposure in register-based research - An 

expert-opinion based evaluation of methods. PLoS One. 

2017;12(9):1–12. 

172.  Forsman J, Taipale H, Masterman T, Tiihonen J, Tanskanen A. 

Comparison of dispensed medications and forensic-toxicological 

findings to assess pharmacotherapy in the Swedish population 2006 

to 2013. Pharmacoepidemiol Drug Saf. 2018;27(10):1112–22.  

 

  



 

133 

 

 

 

 

ORIGINAL PUBLICATIONS (I – III) 



 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

I 

 

 

Real-world effectiveness of pharmacological treatments of alcohol 

use disorders in a Swedish nation-wide cohort of 125 556 patients.  

Heikkinen M, Taipale H, Tanskanen A, Mittendorfer-Rutz E, Lähteenvuo M, 

Tiihonen J  

Addiction, Aug;116(8):1990–1998, 2021 

  



 

 

  



Real-world effectiveness of pharmacological treatments
of alcohol use disorders in a Swedish nation-wide cohort
of 125 556 patients

Milja Heikkinen1,2, Heidi Taipale1,2,3, Antti Tanskanen1,2, Ellenor Mittendorfer-Rutz2,
Markku Lähteenvuo1 & Jari Tiihonen1,4

Department of Forensic Psychiatry, University of Eastern Finland, Niuvanniemi Hospital, Kuopio, Finland,1 Department of Clinical Neuroscience, Division of Insurance
Medicine, Karolinska Institutet, Stockholm, Sweden,2 School of Pharmacy, University of Eastern Finland, Kuopio, Finland3 and Department of Clinical Neuroscience,
Karolinska Institutet and Centre for Psychiatry Research, Stockholm Health Care Services, Region Stockholm, Stockholm, Sweden4

ABSTRACT

Background and aim Pharmacotherapy for alcohol use disorder (AUD) is recommendable, but under-used, possibly due
to deficient knowledge of medications. This study aimed to investigate the real-world effectiveness of approved pharmaco-
logical treatments (disulfiram, acamprosate, naltrexone and nalmefene) of AUD. Design A nation-wide, register-based
cohort study. Setting Sweden. Participants All residents aged 16–64 years living in Sweden with registered
first-time treatment contact due to AUD from July 2006 to December 2016 (n = 125 556, 62.5% men) were identified
from nation-wide registers. Measurements The main outcome was hospitalization due to AUD. The secondary out-
comes were hospitalization due to any cause, alcohol-related somatic causes, as well as work disability (sickness absence
or disability pension), and death. Mortality was analysed with between-individual analysis using a traditional
multivariate-adjusted Cox hazards regression model. Recurrent outcomes, such as hospitalization-based events and work
disability, were analysed with within-individual analyses to eliminate selection bias. Findings Naltrexone combined with
acamprosate [hazard ratio (HR) = 0.74; 95% confidence interval (CI) = 0.61–0.89], combined with disulfiram
(HR = 0.76, 95% CI = 0.60–0.96) and as monotherapy (HR = 0.89, 95% CI = 0.81–0.97) was associated with a signif-
icantly lower risk of AUD-hospitalization compared with no use of AUD medication. Similar results were found for risk of
hospitalization due to any cause. Benzodiazepine use and acamprosate monotherapy were associated with an increased
risk of AUD-hospitalization (HR = 1.18, 95% CI = 1.14–1.22 and HR = 1.10, 95% CI = 1.04–1.17, respectively). No sta-
tistically significant effects were found for work disability or mortality. Conclusions Naltrexone as monotherapy and
when combined with disulfiram and acamprosate appears to be associated with lower risk of hospitalization due to any
and alcohol-related causes, compared with no use of alcohol use disorder (AUD) medication. Acamprosate monotherapy
and benzodiazepine use appear to be associated with increased risk of AUD-associated hospitalization.

Keywords Acamprosate, alcohol use disorder, disulfiram, effectiveness, hospitalization, mortality, nalmefene,
naltrexone, work disability.
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INTRODUCTION

Alcohol use disorders (AUD) cause health problems and are
one of the leading causes of mortality and morbidity
world-wide [1–3]. More than 5% of the global disease bur-
den is caused by harmful use of alcohol, and in 2016more
than 3 million people died due to alcohol-related causes
[1]. The harmful use of alcohol is associated with risk of
mental and behavioral disorders, and regular alcohol abuse

can lead to serious somatic diseases [4]. Alcohol use also
increases the risk of injuries resulting from violence and
accidents [1].

The mainstay of AUD treatment is psychosocial
intervention, but combining psychosocial treatments with
pharmacotherapy can lead to better outcomes [5].
Disulfiram, naltrexone and acamprosate are approved for
the treatment of AUD in the United States and Europe.
Nalmefene is also approved in Europe [2]. According to
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the latest meta-analyses and systematic reviews on
randomized controlled trials (RCTs), these medications
have shown their efficacy in comparison with placebo:
disulfiram under supervision to advance treatment adher-
ence, acamprosate in maintaining abstinence, naltrexone,
especially in reducing binge drinking, and nalmefene in re-
ducing heavy drinking days [6–9]. Despite their potential
to improve clinical outcome for individualswith AUD, these
medications are under-utilized. Deficient knowledge of
thesemedications and possible doubts about their effective-
nessmay lead to the low utilization rate. [5,10]. Benzodiaz-
epines are generally accepted as pharmacotherapy for
managing alcohol withdrawal, but not recommended for
use after detoxification [11]. Nonetheless, benzodiazepine
misuse is common among people with AUD [12]. All men-
tionedmedications can cause some adverse effects [13,14],
disulfiram even fatal ones [15], but very little is known
about overall health outcomes (such as risks of hospitaliza-
tion and mortality) associated with specific treatments in
real-world circumstances. Furthermore, the possible asso-
ciation of specific treatments with work-related outcomes
(such as sickness absences and disability pensions) is less
well established, despite the fact that AUD has a strong
effect on work performance [16]. As patients included in
RCTs are highly selected populations, it is not known how
effective treatments are in non-selected patient population
in real-world treatment settings.

The aim of this study is to investigate the real-world
effectiveness of pharmacological treatments of alcohol
dependence on (1) risk of hospitalization due to AUD as a
main outcome and (2) hospitalization due to any cause,
alcohol-related somatic causes and work disability and
death as secondary outcomes.

METHODS

Nation-wide register-based data were used to conduct a
prospective population-based cohort study of patients
with AUD. The project was approved by the Regional Ethics
Board of Stockholm (decision 2007/762–31). No informed
consent is required for register-based studies using
anonymized data.

Study population

Data were gathered prospectively from nation-wide
Swedish registers. People with a diagnosis of AUD were
identified based on four register sources: inpatient and spe-
cialized outpatient care from the National Patient Register,
disability pension from the MiDAS register (Microdata for
analyses of social insurance) and sickness absence data
from theMiDAS register. Drug use datawere gathered from
the Prescribed Drug Register since July 2005. Dates of
death were obtained from the Causes of Death Register

and demographic characteristics for the cohort were
obtained from the Longitudinal Integration Database for
Health Insurance and Labor Market Studies (LISA)
Register.

All residents aged 16–64 years (at the time of diagnosis)
living in Sweden with registered first-time treatment con-
tact due to AUD between 1 July 2006 and 31 December
2016 were included into this study. All individuals with
a diagnosis of AUD, according to the International
Classification of Diseases and Related Health Problems,
10th revision (ICD-10) classification [17] (F10.0–F10.9)
were identified from inpatient, specialized outpatient, sick-
ness absence and disability pension (MiDAS) registers. Indi-
viduals were chosen based on not having had a previous
diagnosis of schizophrenia or bipolar disorder. All Swedish
residents were assigned a unique personal identification
number which enabled linkage between various registers.

Exposure

Drug use data was gathered from the Prescribed Drug
Register. Drug use information in the register is categorized
according to the anatomical therapeutic chemical (ATC)
classification [18] and recorded as defined daily doses
(DDD), together with information on drug package and
formulation. Exposure to AUDmedicationswas categorized
as follows: disulfiram (ATC N07BB01), acamprosate
(N07BB03), naltrexone (N07BB04) and nalmefene
(N07BB05). In addition to monotherapies of these medica-
tions, drug combinations were also analysed as follows: di-
sulfiram and acamprosate, disulfiram and naltrexone and
acamprosate and naltrexone. In some secondary analyses
(hospitalization due to alcohol-related somatic causes and
work disability) all drug combinations were grouped into
one ‘polytherapy’ category (any combination of studied
medications), because of the low rate of events. In addition,
we analysed the risk ofmain and secondary outcomes asso-
ciated with benzodiazepine and related drug (N05BA,
N05CD, N05CF) use.

Drug use periods (i.e. when drug use started and ended)
were constructed using the prescription drug purchases to
drug use periods—a second-generation method
(PRE2DUP). Themethod is based on the calculation of slid-
ing averages of daily dose (in DDDs), the purchased
amounts of drugs and personal drug use patterns [19].
The method takes into account hospital stays (when drug
use is not recorded in the register) and stockpiling of drugs
when constructing use periods.

Outcomes

The main outcome measure was hospitalization due to al-
cohol use disorder (AUDhospitalization, ICD-10-code F10).
Hospitalizations were derived from the National Patient
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Register and defined as an inpatient stay of at least
24 hours. The secondary outcomes were hospitalization
due to any cause and to alcohol-related somatic causes
(Supporting information, Table S1), all-cause mortality
and work disability, defined as start of sickness absence or
disability pension (regardless of level of compensation or
diagnoses).

Covariates

Within-individual analyses were adjusted for temporal
order of treatments, time since cohort entry (i.e. time
since first AUD diagnosis) and use of psychotrophic
drugs; antidepressants (N06A), benzodiazepines and
related drugs, mood stabilizers (N03AF01, N03AG01,
N03AX09, N05AN01) and anti-psychotics (N05A).
Between-individual analyses were additionally adjusted
for sex, age, educational level, the number of previous
hospitalizations due to AUD, time since first AUD diagnosis,
comorbidities and other medication use (Supporting
information, Table S1).

Statistical analysis

Hospitalizations and work disability were treated as
recurrent events and analysed with the within-individual
Cox regression model [20]. The within-individual model
is a stratified Cox regression model in which each individ-
ual forms his or her own stratum. This reduces selection
bias. The follow-up time is reset to zero after each outcome
event to allow comparison of treatment periods within
each individual. Mortality was analysed with the
traditional multivariate-adjusted Cox regression model as
between-individual analysis, and between-individual
analyses were also used as sensitivity analyses for the main
outcome and for analyses on duration of use and
associated risk of AUD hospitalization. Only individuals
with variation in outcome and exposure contribute to
the model in within-individual analysis, whereas in
between-individual analysis, all individuals contribute to
the model. The follow-up started at the first diagnosis of
AUD and ended at death, emigration, diagnosis of schizo-
phrenia or bipolar disorder and end-of-study follow-up
(31 December 2016). In analyses of sickness absence, the
follow-up also ended at start of disability pension. In analy-
ses of work disability outcomes (sickness absence, disability
pension), people already on disability pension at cohort en-
try were excluded and analyses were censored when they
reached the age of 65 years, when old-age pension typi-
cally starts. Subgroup analyses for the main outcome were
performed by tightening the criteria for AUD first by
restricting analyses to people without any other substance
use disorder than AUD, and secondly by including only in-
dividuals either diagnosed with acute alcohol intoxication

(F10.0) more than once or having other diagnoses of
alcohol-related disorders, indicating a more serious alcohol
problem (F10.1–F10.9) before start of follow-up. Nominal
P-values are displayed throughout the paper. Significance
level was set at 0.05 using the Benjamini–Hochberg false
discovery rate (FDR) method.

The primary research question and analysis plan were
not pre-registered on a publicly available platform; thus,
the results should be considered exploratory.

RESULTS

In the total cohort, including 125 556 patients with a di-
agnosis of AUD, 78 434 individuals (62.5%) were men,
and the mean age was 38.1 [standard deviation
(SD) = 15.9] years. The median follow-up time was 4.6
[interquartile range (IQR) = 2.1–7.2] years. During fol-
low-up, 32 129 (25.6%) of the patients used any of the fol-
lowing drugs: 19 274 (15.4%) patients used disulfiram,
11 432 (9.1%) acamprosate, 10 872 (8.7%) naltrexone,
693 (0.6%) nalmefene and 6398 (5.1%) used two or more
of the above-mentioned medications concomitantly. The
clinical and socio-demographic characteristics of the
cohort are described in Supporting information, Table S2;
Supporting information, Table S3 shows the numbers of
events for each exposure and outcome analysed.

During the follow-up (median = 4.6, IQR =
2.1–7.2 years), 30 044 (23.9%) patients had a main out-
come event (AUD hospitalization). Naltrexone combined
with acamprosate (HR= 0.74; 95%CI = 0.61–0.89), com-
bined with disulfiram (HR = 0.76, 95% CI = 0.60–0.96)
and as monotherapy (HR = 0.89, 95% CI = 0.81–0.97)
was associated with a significantly lower risk of
AUD-hospitalization compared to those time-periods when
the same individual did not use any AUD medication. The
use of acamprosate was associated with a significantly in-
creased risk of hospitalization due to AUD (Fig. 1). The re-
sults were similar in the between-individual model
(Supporting information, Fig. S1), and longer duration of
naltrexone use was associated with lower risk of AUD
hospitalization (Supporting information, Table S4). Similar
results were also found when the outcome was hospitaliza-
tion due to any cause. Naltrexone combined with either
disulfiram or acamprosate and asmonotherapywas associ-
ated with decreased risk of any hospitalization (HR = 0.77,
95% CI = 0.64–0.94; HR = 0.80, 95% CI = 0.69–0.94;
HR = 0.89, 95% CI = 0.83–0.96, respectively) (Fig. 2).
Acamprosate monotherapy was not associated with a
higher risk of hospitalization due to any cause.

During the follow-up, 3173 (2.5%) of the patients were
hospitalized due to alcohol-related somatic causes.
Polytherapy was associated with a significantly decreased
risk of hospitalization due to alcohol-related somatic causes
(HR = 0.31, 95% CI = 0.12–0.83) compared with no use
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of AUD medications (Fig. 3). In addition, disulfiram mono-
therapy was associated with a significantly decreased risk
of hospitalization due to alcohol-related somatic causes
(HR = 0.61, 95% CI = 0.42–0.89).

Altogether, 13 031 (10.4%) of patients with diagnosis
of AUD were also diagnosed with some other substance
use disorder (ICD-10: F11–F16, F18–F19) during the
follow-up. Two or more of the studied medications
used concomitantly (polytherapy) was associated with a

non-significant (when FDR-corrected) trend towards a
lower risk of hospitalization due to AUD in patients diag-
nosed with AUD only (HR = 0.81, 95% CI = 0.71–0.91)
(Supporting information, Fig. S2). As a sensitivity analysis
for risk of AUD-hospitalization, we performed a subgroup
analysis including only individuals diagnosed with acute
alcohol intoxication (F10.0) more than once or having
other alcohol-related diagnoses (F10.1–F10.9) before the
start of follow-up, indicating a more serious alcohol

Figure 1 Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for the risk of hospitalization due to alcohol use disorder (AUD) during
pharmacotherapy compared with no use of medication in within-individual analyses. *Results significant after Benjamini–Hochberg false discovery rate
correction for multiple comparisons at a 0.05 threshold

Figure 2 Risk of hospitalization due to any cause during follow-up. Within-individual model. *Results significant after Benjamini–Hochberg false
discovery rate correction for multiple comparisons at a 0.05 threshold
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problem. In this analysis aswell, naltrexone combinedwith
acamprosate and as monotherapy was associated with
lower risk of hospitalization due to AUD (HR = 0.71, 95%
CI = 0.58–0.87; HR = 0.89, 95% CI = 0.81–0.98, respec-
tively) (Supporting information, Fig. S3).

During the follow-up, 42 678 (34.0%) of patients used
benzodiazepines and related drugs. The use was associated
with a significantly increased risk of hospitalization due to
AUD (HR = 1.18, 95% CI = 1.14–1.22, P < 0.0001)
compared with no use. No significant increase in the risk
of hospitalization due to alcohol-related somatic causes
was detected (HR = 0.99, 95% CI = 0.88–1.12,
P = 0.9036).

Overall, 7832 (6.2%) of the patients died during the
follow-up time. The adjusted risk of all-cause mortality
was not significantly lower with any of the studied medica-
tions (disulfiram, acamprosate, nalmefene, naltrexone)
(Supporting information, Fig. S4). However, 1211 (2.8%)
of patients who used benzodiazepines and related drugs
died, and the adjusted risk of all-cause mortality was signif-
icantly higher with these drugs (HR = 1.11, 95%
CI = 1.04–1.19, P = 0.0034).

Altogether, 4719 (4.2%) of patients had sickness
absence or disability pension during the follow-up time.
The risk of work disability (either sickness absence or
disability pension) did not significantly decrease during
use of any studied drug (Supporting information, Fig. S5).
In fact, use of disulfiram, acamprosate or polytherapy
(two or more studied drugs combined) were associated
with a non-significant trend towards an increased risk of

work disability (HR = 1.37, 95% CI = 1.00–1.86;
HR = 1.59, 95% CI = 1.07–2.37; HR = 1.98, 95%
CI = 1.09–3.61, respectively).

DISCUSSION

To the best of our knowledge, no other prospective cohort
study has studied the real-world effectiveness of pharmaco-
therapy in AUD during a long-term follow-up period. We
found that in comparison to personal no-use periods of
any AUD medication, naltrexone as a monotherapy and
combined with acamprosate and disulfiramwas associated
with a reduced risk of hospitalization due to AUD and any
causes. Polytherapy of the studied medications and
disulfiram monotherapy were associated with lower risk
of hospitalization due to alcohol-related somatic causes.
Benzodiazepines and acamprosate as a monotherapy were
associated with an increased risk of hospitalization due to
AUD and use of benzodiazepines was associated with a
higher mortality rate.

In this study, based on a cohort of more than 125 000
patients diagnosed with AUD, 25.6% of the individuals
used some of the studied AUD drugs during the follow-up.
Previous studies have shown that medications for treating
AUD are under-prescribed and under-utilized and, depend-
ing on the study, only approximately 10–20% of patients
with AUD receive prescribed medication for their AUD
[2,5,6,21]. Even though the proportion of AUDmedication
users was low, 34% of the cohort had used benzodiaze-
pines. Increased use of benzodiazepines has been linked to

Figure 3 Risk of hospitalization due to alcohol-related somatic cause during exposure of studied medications (all drug-combinations grouped into
‘polytherapy’ category because the low rate of events). Nalmefene monotherapy was not analysed due to the small number of events. *Results sig-
nificant after Benjamini–Hochberg false discovery rate correction for multiple comparisons at a 0.05 threshold. Hospitalization due to alcohol-related
somatic diagnoses (ICD-10: E51.2, E24.4, G31.2, G40.51, G62.1, G72.1, I42.6, K29.2, K70, K85.2, K86.00, K86.01, K86.08, O35.4; Supporting
information, Table S1)
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onset of AUD in a naturalistic 12-year follow-up study in
the United States [11], and use of benzodiazepines was
associated with an increased risk of mortality in our study.
The problem is thus not only under-prescription of
medications, but also prescribing the wrong medications.
Naltrexone as monotherapy and combined with disulfiram
and acamprosate was associated with a reduced risk of
hospitalization due to AUD. These results are in line with
previous reviews which have found naltrexone to be effec-
tive in treatment of AUD, especially in reducing binge
drinking [6]. Naglich et al. concluded in their systematic
review in 2018 that naltrexone is the medication most
combined with other AUD drugs. Drug combinations
studied in the review were extremely heterogenous, and
no significant benefit was found for combinations over
monotherapies. However, reviewers assumed that benefit
may be observed when targeting the drug combination
for specific symptoms or subpopulations [22]. Naltrexone
is also used in other substance use disorders, such as opioid
dependence. In subgroup analyses censoring follow-up to
the occurrence of any other substance use disorder, the
association between naltrexone and risk of AUD hospitali-
zation lost statistical significance, although the point
estimate remained the same. Lack of association may be
due to lack of statistical power, as this censoring also re-
stricted follow-up time and the number of events. However,
drug combinations of naltrexone, acamprosate, disulfiram
or nalmefene were associated with a significantly reduced
risk of hospitalization due to AUD. Combining drugs may
increase their effectiveness by impacting upon separate
symptoms [22]. Thus, the effect of polytherapy might be
explained by either an increase in effectiveness due to com-
bining drugs affecting different systems or a more resilient
striving towards abstinence by the patient, indicated by the
willingness to ingest multiple different medications with a
potential for increased side effects and out-of-pocket costs.

The use of disulfiram or a combination of two or more
studied drugs was associated with a reduced risk of
hospitalization due to alcohol-related somatic diagnoses.
Alcohol-related somatic hospitalizations are usually due
to long-term heavy alcohol consumption. Because of the
aversive reaction to alcohol caused by disulfiram it necessi-
tates total abstinence, which might explain its effect in re-
ducing the risk of hospitalization due to alcohol-related
causes.

Nalmefene was approved by the European Medicines
Agency (EMA) as a treatment for alcohol dependence in
2013 [23]. The results of efficacy of nalmefene in previous
studies are mixed, and it seems to have limited efficacy in
reducing alcohol consumption [23,24]. We found no sta-
tistically significant association between use of nalmefene
and risk of hospitalization, work disability or death, possibly
due to a low number of events. Nalmefene also seems to be
less used in other studies [21,25]. Acamprosate seems to

have efficacy in reducing alcohol craving and relapse
[9,26]. In our study, acamprosate was the second most
used drug, but it did not reduce the risk for hospitalization,
work-related outcomes or mortality as a monotherapy.
Instead, it was associated with an increased risk of AUD-
hospitalization. However, acamprosate combined with nal-
trexone was associated with a reduced risk of
hospitalization due to AUD and any cause. According to a
recent review, acamprosate seems to be generally
well-tolerated [13]. Therefore, the increased risk of hospi-
talization due to AUD may be a signal of acamprosate
monotherapy’s deficient efficacy in treating active AUD,
while its efficacy is usually shown in maintaining absti-
nence [6,27]. Also, acamprosate needs to be administered
three times a day (whereas, e.g. naltrexone only once daily)
[28]. The need for stricter adherence and consequent risk
of suboptimal dosing with acamprosate may somewhat
explain the poor results seen for acamprosate use.

Benzodiazepines and related drugs were associated
with a higher risk of mortality and hospitalization due to
AUD. Benzodiazepines are used to reduce alcohol with-
drawal symptoms and decrease the risk of seizures [14],
although they may also be used for treatment of other co-
morbid problems (such as anxiety disorders or insomnia),
which may confound our results. Altogether, the evidence
shows that AUD increases the risk of benzodiazepine
misuse [12], and because of their addictive potential, risk
of tolerance and side effects, they are not safe to use when
combined with alcohol [14]. Thus, the use of benzodiaze-
pines in treating AUD should be carefully considered and
should not be used for the maintenance of alcohol
abstinence.

None of the studied AUD medications (disulfiram,
acamprosate, naltrexone or nalmefene) were associated
with a higher risk ofmortality, which is a positive safety sig-
nal, as some of these medications have been associated
with severe adverse effects. For example, disulfiram may
cause hepatitis, neuropathy, optic neuritis, psychosis,
myocardial infarction, congestive heart failure, respiratory
depression and, rarely, death [26]. Usually, however, these
medications are well tolerated and have only mild side
effects. Because the mortality risk did not increase during
drug use (even during combination use), our results
suggest that the studied medications are safe to use, and
concerning the efficacy on reducing hospitalizations,
recommendable.

None of the studied drugs were associated with a re-
duced risk of mortality or work disability. In fact, disulfiram,
acamprosate and polytherapy of two or more studied drugs
showed a non-significant trend towards increased risk of
work disability. The association between AUD medication
and risk of work disability may reflect the situations where
AUDmedication use is started too late in relation to the on-
going process of increasing alcohol use and decreasing
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work capacity. Another possible explanation for this associ-
ation may be that people still working but with AUDmight
be more easily referred to treatment. However, there are
many confounding factors in the association betweenwork
disability and alcohol consumption, as alcohol has a strong
effect on overall work performance [29]. It has been shown
that risky alcohol consumption predisposes to unemploy-
ment, and only approximately 20% of inpatients with alco-
hol addiction are employed [30,31]. Conversely, job loss is
associated with increased frequency of AUD [32]. Thus,
work disability (such as sickness absences and disability
pension) is not only affected by poor health, but is also de-
termined by socio-economic and work-related factors. As
individuals often try to hide their substance abuse, phar-
macological treatment of AUD may be deficient to stop
the retirement process at the point when they are discov-
ered. Hereby, a reduction of the stigma of substance abuse
problems and their earlier discovery and treatment should
be worked towards.

Strengths and limitations

Themain strengths of this study are the nation-wide cover-
age of all AUD patients and the significant follow-up time
up to 7 years. For these reasons, the results are generaliz-
able to real-world patients with AUD in countries with
state-funded health-care systems providing care and medi-
cations with no or very small co-payments. In addition, we
used data on actually purchased medications instead of
data on prescriptions given to the patients. We analysed
the risk of hospitalization-based outcomes and sickness
absence by using a within-individual design, where each
individual acts as his or her own control, which reduces
selection bias. Drug use was modelled with the
PRE2DUP-method, which describes actual drug use well
when compared with interview-reported use [33].

The limitations of this study include that there was no
information on possibly reduced days and levels of alcohol
consumption, so the effectiveness of studied medications
was evaluated with secondary measures, such as risk of
hospitalization due to alcohol-related causes, mortality
and work disability. However, these outcomes represent se-
vere and significant disadvantages for both the individual
and society. Another limitation is that we did not know
the severity of AUD or the use of psychosocial treatments
combined with pharmacotherapy. However, because the
effectiveness of the studied drugs varied, the existence of
possible psychosocial treatment combined to pharmaco-
therapy seems not pivotal.

CONCLUSION

The risk of alcohol-related hospitalizations is lower when
patients with AUD are treated with naltrexone or with

combinations including naltrexone, disulfiram or
acamprosate. Polytherapy of the studied medications was
also associated with lower risk of hospitalization due to
any cause. Acamprosate monotherapy was not associated
with beneficial effects, defined in the study as decreased
risk for hospitalization due to AUD or for any cause,
alcohol-related somatic causes, work disability or death.
Benzodiazepines were associated with a higher risk of hos-
pitalization due to AUD and should not be administered
other than in alcohol withdrawal symptoms. Pharmaco-
therapies of AUD are under-utilized, whereas benzodiaze-
pine use was strikingly common among people with AUD.
According to the data presented here, naltrexone and
drug-combinations in particular seem to be effective in
the treatment of AUD and are recommended to be used
as part of treatment protocol; the use of benzodiazepines
should be avoided.
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Abstract

Aim: To investigate the real-world effectiveness of pharmacological treatments

(buprenorphine, methadone) of opioid use disorder (OUD).

Design: A nation-wide, register-based cohort study.

Setting: Sweden.

Participants: All residents aged 16–64 years living in Sweden using OUD medication

from July 2005 to December 2016 (n = 5757, 71.8% men) were identified from registers

of prescriptions, inpatient and specialized outpatient care, causes of death, sickness

absence and disability pensions.

Measurements: Main outcome: hospitalization due to OUD. Secondary outcomes: hos-

pitalization due to any cause; death due to all, natural and external causes. Mortality was

analyzed with between-individual multivariate-adjusted Cox hazards regression model.

Recurrent outcomes, such as hospitalizations, were analyzed with within-individual ana-

lyses to eliminate selection bias. OUD medication use versus non-use was modelled with

PRE2DUP (from prescription drug purchases to drug use periods) method.

Findings: Buprenorphine [hazard ratio (HR) = 0.73, 95% confidence interval (CI) = 0.54–

0.97] and methadone (HR = 0.74, 95% CI = 0.59–0.93) use were associated with signifi-

cantly lower risk of OUD hospitalization, but not any-cause hospitalizations, compared

with the time-periods when the same individual did not use OUD medication. The use of

buprenorphine and methadone were both associated with significantly lower risk of all-

cause mortality (HR = 0.45, 95% CI = 0.34–0.59; HR = 0.51, 95% CI = 0.41–0.63,

respectively), compared with non-use of both medications. Similar results were found for

risk of mortality due to external causes (HR = 0.39; 95% CI = 0.27–0.54; HR = 0.40;

95% CI = 0.29–0.53, respectively), but not for mortality due to natural causes. The risk

of OUD hospitalization and all-cause mortality was decreased in all duration categories

of studied medications (< 30, 31–180, 181–365 and >365 days), except for methadone

use less than 30 days.

Conclusions: The use of buprenorphine and methadone are both associated with a sig-

nificantly lower risk of hospitalization due to opioid use disorder and death due to all

and external causes, when compared with non-use.
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INTRODUCTION

Opioid use disorder (OUD) is an increasing cause of morbidity and

mortality world-wide [1–4]. The use of opioids is associated with

severe health consequences, such as mental health disorders, HIV

infection, hepatitis-related liver cancer and cirrhosis, overdose and

premature death [2, 5]. In 2017, the use of opioids accounted for

two-thirds of the 167 000 deaths attributed to drug use disorders [2].

Mortality rates associated with OUD are 10-fold higher than in the

general population [6, 7]. Thus, the prognosis of OUD without treat-

ment is poor [8]. Unlike for many other drug use disorders, there are

several medications for the treatment of OUD [9]. Methadone,

buprenorphine and naltrexone are the primary evidence-based treat-

ments for OUD [10], of which opioid agonists buprenorphine and

methadone are used in Europe [11]. Treatment with methadone or

buprenorphine improves physical and mental wellbeing and reduces

mortality [12–14]. Longer treatment duration is associated with better

outcomes [15] and the rate of recurrent opioid use is high, if OUD

treatment is discontinued prematurely [4]. The periods associated

with highest risk of mortality are the induction onto methadone treat-

ment and the period immediately after leaving both treatments [13].

Despite the effectiveness of these medications, they still are under-

used [1, 12, 16], possibly due to deficient understanding of pharmaco-

therapy used in the treatment of OUD and regulated prescribing

policies [12, 17]. It has also been claimed that access to competent

treatment is restricted because of the lack of physicians willing and

able to provide it [18].

Buprenorphine and methadone are well-established in recent

reviews and meta-analyses in reducing especially mortality and opi-

oid use in cohort studies and randomized, controlled trials (RCTs)

[13, 14, 19]. However, patients included in RCTs are highly

selected populations and according to Santo et al.’s recent system-

atic review and meta-analysis, RCTs of opioid agonist treatment

are underpowered to assess mortality risk [14]. Thus, the effective-

ness of treatments in non-selected patient populations in real-

world treatment settings is less studied. Molero et al. concluded in

their real-world study in 2018 that medications used to treat OUD

appeared to reduce suicidality and crime [20]. Also, Wakeman

et al. found in their study in 2020 that treatment with

buprenorphine or methadone was associated with a lower risk of

overdose and serious opioid-related acute care utilization when

compared to other treatments [4]. Nevertheless, little is known

about overall long-term health outcomes (such as risks of hospitali-

zation and all-cause mortality) associated with specific treatments

in real-world circumstances.

The aim of this study is to test the hypothesis that the pharmaco-

logical treatments of opioid dependence reduce the (1) risk of hospi-

talization due to OUD as a main outcome, and (2) hospitalization due

to any cause and death due to all natural and external causes as

secondary outcomes. In addition, the aim was to investigate the effect

of duration of use of these medications on the outcomes.

METHODS

Nation-wide register-based data were used to conduct a prospective

population-based cohort study of patients with OUD treatment. The

project was approved by the Regional Ethics Board of Stockholm

(decision 2007/762–31). No informed consent is required for

register-based studies using pseudonymized data.

Study population

Data were gathered prospectively from nation-wide Swedish regis-

ters. People who purchased OUD pharmacotherapy were identified

from the Prescribed Drug Register (PDR) from July 2005. Dates of

death were obtained from the Causes of Death Register and demo-

graphic characteristics for the cohort were obtained from the LISA

register (the Longitudinal Integration Database for Health Insurance

and Labor Market Studies), National Patient Register (NPR) and the

MiDAS register (Micro Data for Analyses of Social Insurance). Infor-

mation regarding the employment and source of income was also

received from the LISA register held by Statistics Sweden.

All residents aged 16–64 years living in Sweden with registered

OUD medication purchased between 1 July 2005 and 31 December

2016 were included into this study. Individuals were chosen based on

not having a previous diagnosis of schizophrenia or bipolar disorder

(based on diagnoses recorded in NPR since 1996). All Swedish resi-

dents have been assigned a unique personal identification number

which enabled linkage between various registers.

Exposures

Medication use data were gathered from the PDR. Medication use

information in the PDR is categorized according to the anatomical

therapeutic chemical (ATC) classification [21] and the purchased

amount recorded as defined daily doses (DDD), together with infor-

mation on medication package and formulation. Exposure to OUD

medications was categorized as buprenorphine (ATC N07BC01,

N07BC51) and methadone (N07BC02). For methadone, the analysis

considered only oral solution as OUD therapy (tablet forms possibly

used for cancer-related pain). In addition to monotherapies of these

medications, concomitant use of studied medications was also mod-

elled (probably representing mainly switches between these medica-

tions), but could not be reported due to the low number of events

(fewer than five). Exposure to buprenorphine and methadone, as well
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as non-use of both medications (as a reference), was followed in time

and people could switch between treatments and contribute person-

time to both exposures.

Medication use periods (i.e. when medication use started and

ended) were constructed using the PRE2DUP-method. The method is

based on the calculation of sliding averages of daily dose (in DDDs),

the purchased amounts of medications and personal medication use

patterns [22]. The method takes into account hospital stays (when

medication use is not recorded in the register) and stockpiling of med-

ications when constructing use periods.

Outcomes

The main outcome measure was hospitalization due to opioid use dis-

order [OUD hospitalization, International Classification of Diseases

and Related Health Problems, 10th revision (ICD-10) code F11, as a

main diagnosis]. Hospitalizations were derived from the NPR and

defined as an inpatient stay of at least overnight (so that the date of

admission is different than the date of discharge). The secondary out-

comes were hospitalization due to any cause, all-cause mortality and

death due to natural and external causes. Natural cause of death was

defined as ICD-10 codes A00–R99 and external cause of death as

ICD-10 code V01–Y98.

Covariates

Within-individual analyses were adjusted for temporal order of treat-

ments, time since cohort entry (i.e. time since first dispensing of OUD

pharmacotherapy) and use of psychotrophic medications; antidepres-

sants, benzodiazepines and related medications, mood stabilizers and

antipsychotics (Supporting information, Table S1). Between-individual

analyses were additionally adjusted for baseline covariates age, gen-

der, education, granted disability pension, long-term sickness absence

during previous year (> 90 days) and time-varying covariates (i) medi-

cation-related: temporal order of treatment, concomitant use of

psychotrophic medications, other medication use (opioid and non-

opioid analgesics, cardiovascular medications, alimentary tract and

metabolism medications, anti-epileptic medications and naltrexone;

and (ii) comorbidities: the number of previous hospitalizations due to

OUD, cardiovascular disease, diabetes, asthma/chronic obstructive

pulmonary disorder (COPD), previous cancer, renal disease, previous

suicide attempt, previous infections and other SUD than OUD

(Supporting information, Table S1).

Statistical analysis

Hospitalizations were treated as recurrent events and analyzed using

the within-individual Cox regression model [23, 24] (Supporting infor-

mation, Figure S1). The within-individual model is a stratified Cox

regression model in which each individual forms his or her own

stratum. This reduces selection bias of different treatments. The

follow-up time is reset to zero after each outcome event to allow

comparison of treatment periods within each individual. Mortality was

analyzed with the traditional multivariate-adjusted Cox regression

model as between-individual analysis, and between-individual ana-

lyses were also used as sensitivity analyses for the main outcome and

for analyses on duration of use and associated risk of OUD hospitali-

zation and all-cause mortality. Only people having an event and varia-

tion in exposure status (on-medication/off-medication) over time

contribute to the model in within-individual analysis, whereas all indi-

viduals contribute to the between-individual models. Dependence

among repeated observations was corrected with robust sandwich

estimator in between-individual analyses. The follow-up started at the

first dispensing of OUD pharmacotherapy. The follow-up ended at

death, emigration, diagnosis of schizophrenia or bipolar disorder, or

end of study follow-up (31 December 2016). Subgroup analysis for

the main outcome was performed by tightening the inclusion criteria

by restricting analysis to people without any other substance use dis-

order (SUD) than OUD. Sensitivity analysis for the main outcome was

conducted by including only incident cases (‘first-time use’). Nominal

P-values are displayed throughout the paper. Significance level was

set at 0.05 using the Benjamini–Hochberg false discovery rate (FDR)

method. The results are reported as adjusted hazard ratios (HR) with

95% confidence intervals (CIs), with non-use of buprenorphine and

methadone as a reference. The primary research question and analysis

plan were not pre-registered on a publicly available platform; thus, the

results should be considered exploratory.

RESULTS

Cohort characteristics

In the total cohort, including 5757 people, 4136 (71.8%) were men;

the mean age was 37.7 [standard deviation (SD) 10.1] years. The

median follow-up time was 7.3 [interquartile range (IQR) 3.5–11.0]

years. The follow-up started from the first purchase of OUD medica-

tion; however, according to the NPR, 4822 (83.8%) of the patients

had a recorded diagnosis of OUD prior to or at the start of OUD med-

ication. During the follow-up, 3766 (65.4%) of the patients used

buprenorphine and 3245 (56.4%) used methadone. A total of 1017

(17.7%) patients had work income during the calendar year before

cohort entry. Altogether, 791 (13.7%) of the patients were unem-

ployed for 1–180 days and 213 (3.7%) for more than 180 days during

the previous calendar year before cohort entry. Overall, 1857 (32.3%)

of the patients were on disability pension at the time of cohort entry.

A total of 4826 (83.8%) patients had no sickness absence during a

year before cohort entry, 315 (5.5%) had sickness absence for 1–

90 days and 616 (10.7%) for more than 90 days. The clinical and

socio-demographic characteristics of the cohort are described in

Supporting information, Table S2. Overall, 522 (9.1%) of the patients

were diagnosed with schizophrenia or bipolar disorder after cohort

entry and were censored at that point.
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Outcomes

Table 1 shows the numbers of events for each exposure and outcome

analyzed.

Primary outcome

During the follow-up, 798 (13.9%) patients had an OUD hospitaliza-

tion. Buprenorphine (HR = 0.73, 95% CI = 0.54–0.97) and methadone

(HR = 0.74, 95% CI = 0.59–0.93) were associated with significantly

lower risk of OUD hospitalization compared to those time-periods

when the same individual did not use any OUD medication (Figure 1).

In between-individual analyses, the results were similar concerning

buprenorphine, but methadone was not associated with lower risk of

OUD hospitalization (buprenorphine HR = 0.53, 95% CI = 0.42–0.66,

methadone HR = 1.09, 95% CI = 0.86–1.38, Table 2). When between-

individual analyses were stratified according to duration of use, the

risk of hospitalization due to OUD was significantly lower in all ana-

lyzed categories of treatment duration (< 30, 31–180, 181–365 and

> 365 days) when the exposure was buprenorphine or any OUD med-

ication compared to non-use of all OUD medication. The use of meth-

adone during the first 30 days did not significantly reduce the risk of

hospitalization due to OUD. The lowest risk of OUD hospitalization

was associated with use of buprenorphine (HR = 0.38, 95%

CI = 0.26–0.57), methadone (HR = 0.66, 95% CI = 0.50–0.88) or any

OUD medication (HR = 0.55, 95% CI = 0.43–0.71) which had lasted

for 181–365 days (Table 2).

Altogether, 2222 (38.6%%) patients with diagnosis of OUD

were also diagnosed with some other SUD during the follow-up.

The risk of OUD hospitalization did not significantly decrease with

the use of buprenorphine or methadone in patients diagnosed with

only OUD, but no other substance use disorders (HR = 0.62, 95%

CI = 0.36–1.07; HR = 0.65, 95% CI = 0.42–1.01, respectively). The

results were similar in sensitivity analyses, where only incident

users were included. The risk of OUD hospitalization did not signif-

icantly decrease with the use of buprenorphine (HR = 0.97, 95%

CI = 0.67–1.39) or methadone (HR = 0.81, 95% CI = 0.60–1.09)

(Table 1).

Secondary outcomes

The risk of hospitalization due to any cause did not significantly

decrease during use of either of the studied medications (Table 1).

Overall, 843 (14.7%) of the patients died during the follow-up time.

The use of buprenorphine and methadone were both associated with

significantly lower adjusted risk of all-cause mortality (HR = 0.45, 95%

CI = 0.34–0.59, HR = 0.51, 95% CI = 0.41–0.63, respectively)

(Figure 2). The results were similar when the outcome was analyzed

by duration of use of the studied medications. The risk of all-cause

mortality was significantly lower in all analyzed categories of duration

of use (> 30, 31–180, 181–365 and > 365 days) for all exposures (the

risk of all-cause mortality reduced 28–78%). The lowest risk of all-

cause mortality was associated with use of buprenorphine, metha-

done or any OUD medication, which lasted 181–365 days

(a reduction 65, 78 and 74%, respectively) (Table 3). The use of

buprenorphine (HR = 0.39, 95% CI = 0.27–0.54) and methadone

(HR = 0.40, 95% CI = 0.29–0.53) was also associated with signifi-

cantly lower risk of mortality due to external causes (i.e. suicides and

overdoses). The risk of mortality due to natural causes did not signifi-

cantly decrease during use of buprenorphine or methadone

(HR = 0.73, 95% CI = 0.44–1.21, HR = 1.03, 95% CI = 0.72–1.48,

respectively) (Figure 2).

T AB L E 1 The numbers of events for each exposure and for each outcome analyzed

Outcome (n = individuals having this outcome at least once)

Exposure

Buprenorphine Methadone

Events HR (95% CI) P-value (*) Events HR (95% CI) P-value (*)

OUD hospitalization (n = 798) 275 0.73 (0.54–0.97) 0.0328* 651 0.74 (0.59–0.93) 0.0092*

Any hospitalization (n = 1236) 721 0.87 (0.74–1.02) 0.0838 1854 0.89 (0.78–1.01) 0.0644

All-cause mortality (n = 843) 76 0.45 (0.34–0.59) < 0.0001* 191 0.51 (0.41–0.63) < 0.0001*

Mortality, external cause (n = 466) 54 0.39 (0.27–0.54) < 0.0001* 97 0.40 (0.29–0.53) < 0.0001*

Mortality, natural cause (n = 377) 22 0.73 (0.44–1.21) 0.2194 94 1.03 (0.72–1.48) 0.8625

Sensitivity analysis OUD only (n = 681) 183 0.62 (0.36–1.07) 0.0854 361 0.65 (0.42–1.01) 0.0555

Sensitivity analysis incidents only 163 0.97 (0.67–1.39) 0.97 439 0.81 (0.60–1.09) 0.16

*Bold type denotes P-values significant after Benjamini–Hochberg false discovery rate correction for multiple comparisons at a 0.05 threshold. Hazard

ratios (HRs) with 95% confidence intervals (CIs), with non-use of both opioid use disorder (OUD) medications as a reference. OUD hospitalization: ICD-10

code F11 as a main diagnosis;

any hospitalization: ICD-10 code other than F11 as a main diagnosis;

mortality, external cause: the cause of death ICD-10 code V01–Y98;
mortality, natural cause: the cause of death ICD-10 code A00–R99;
sensitivity analysis OUD only: no other substance use disorder than OUD;

sensitivity analysis incidents only: first-time users of OUD medication since 1 July 2006.
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DISCUSSION

In this nation-wide cohort and with median follow-up of > 7 years, we

found that use of either buprenorphine or methadone was associated

with a reduced risk of hospitalization due to OUD and mortality due

to any cause and external causes, in comparison to non-use periods of

any OUD medications. To the best of our knowledge, no other pro-

spective cohort study has investigated the long-term health outcomes

(such as hospitalizations and all-cause mortality) associated with these

medications in real-world circumstances. Using a within-individual

design, we were able to reduce selection bias and study the

effectiveness of medications in a non-selected patient population. A

similar design was used in a study by Molero et al. 2018, in which the

use of buprenorphine and methadone appeared to reduce suicidality

and crime during treatment [20].

In this study, the use of either buprenorphine or methadone was

associated with a significantly reduced risk of hospitalization due to

OUD. To our knowledge, this risk has not been assessed previously.

However, these results are in line with previous studies which have

found buprenorphine and methadone to be effective in the treatment

of OUD, especially in reducing overdose and serious opioid-related

acute care use [4]. Buprenorphine has also been shown to reduce

F I GU R E 1 Adjusted hazard ratios
(HRs) and 95% confidence intervals (CIs)
for the risk of hospitalization due to
opioid use disorder (OUD) or any cause
during pharmacotherapy compared with
no use of medication in within-individual
analyses

T AB L E 2 The risk of OUD hospitalization in between-individual model and by duration of use for buprenorphine, methadone and any OUD
medication. Dose stratified by the number of relapses experienced during the follow-up

The risk of OUD hospitalization HR (95% CI) P-value n events

Buprenorphine 0.53 (0.42–0.66) < 0.0001* 275

Methadone 1.09 (0.86–1.38) 0.4995 651

Duration of medication use (days) HR (95%CI) P-value n events

Buprenorphine

≤ 30 0.55 (0.43–0.71) < 0.0001* 90

31–180 0.46 (0.36–0.58) < 0.0001* 122

181–365 0.38 (0.26–0.57) < 0.0001* 37

> 365 0.36 (0.23–0.57) < 0.0001* 26

Methadone

≤ 30 0.93 (0.78–1.12) 0.4566 237

31–180 0.77 (0.65–0.92) 0.0033* 279

181–365 0.66 (0.50–0.88) 0.0041* 69

> 365 0.70 (0.51–0.95) 0.0218* 66

Any OUD medication

≤ 30 0.79 (0.67–0.94) 0.0073* 327

31–180 0.65 (0.55–0.76) < 0.0001* 401

181–365 0.55 (0.43–0.71) < 0.0001* 106

> 365 0.57 (0.43–0.74) < 0.0001* 92

*Bold type denotes results significant after Benjamini–Hochberg false discovery rate correction for multiple comparisons at a 0.05 threshold. Hazard ratios

(HRs) with 95% confidence intervals (CIs), with non-use of both opioid use disorder (OUD) medications as a reference.
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accidental overdoses [20]. Buprenorphine is usually well tolerated

and, because of its high receptor affinity and only partial agonism, it

protects against both overdose and reinforcing effects of full agonist

opioids [8]. Conversely, as a full agonist, methadone has no ceiling

effect compared to buprenorphine, which increases the risk for over-

dose when used at doses above the patient’s tolerance [17].

F I GU R E 2 Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for the risk of mortality (all, external and natural causes).
Between-individual model, adjusted for baseline covariates (age, gender, education, granted disability pension, long-term sickness absence) and
time-varying covariates: (i) medication-related: temporal order of treatment, concomitant use of psychotrophic drugs, other medication use
(opioid and non-opioid analgesics, cardiovascular medications, alimentary tract and metabolism medications, anti-epileptic drugs) and naltrexone,
(ii) comorbidities: the number of previous hospitalizations due to opioid use disorder (OUD), cardiovascular disease, diabetes, asthma/chronic
obstructive pulmonary disease (COPD), previous cancer, renal disease, previous suicide attempt, previous infections and other substance use
disorders than OUD

T AB L E 3 The risk of all-cause mortality in between-individual model and by duration of use for buprenorphine, methadone and any OUD
medication. Dose stratified by the number of relapses experienced during the follow-up

The risk of all-cause mortality HR (95% CI) P-value n events

Buprenorphine 0.45 (0.34–0.59) < 0.0001* 76

Methadone 0.51 (0.41–0.63) < 0.0001* 191

Duration of medication use (days) HR (95% CI) P-value n events

Buprenorphine

≤ 30 0.50 (0.32–0.81) 0.0043* 20

31–180 0.38 (0.25–0.56) < 0.0001* 28

181–365 0.35 (0.19–0.67) 0.0014* 10

> 365 0.61 (0.37–1.00) 0.0479* 18

Methadone

≤ 30 0.83 (0.62–1.11) 0.2114 68

31–180 0.45 (0.33–0.60) < 0.0001* 69

181–365 0.22 (0.13–0.38) < 0.0001* 15

> 365 0.48 (0.33–0.69) < 0.0001* 39

Any OUD medication

≤ 30 0.72 (0.55–0.95) 0.0177* 88

31–180 0.42 (0.33–0.55) < 0.0001* 97

181–365 0.26 (0.17–0.40) < 0.0001* 25

> 365 0.51 (0.37–0.70) < 0.0001* 57

*Bold type denotes results significant after Benjamini–Hochberg false discovery rate correction for multiple comparisons at a 0.05 threshold. Hazard ratios

(HRs) with 95% confidence intervals (CIs), with non-use of both opioid use disorder (OUD) medications as a reference.
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However, our results suggest that the use of either of the studied

medications seems safe and effective, considering their association

with reduced risk of OUD hospitalization and as no association was

found between studied medications and any-cause hospitalization

(indicator of possible severe adverse effects).

Overall, 843 (14.7%) of the patients died during the follow-up

time. The mortality rate in our study seems somewhat high compared

to other studies regarding mortality among patients receiving opioid

agonist treatment [14, 25, 26]. However, there is a limited number of

studies within a similar setting. Studies are mainly RCTs or studies

with a somewhat short follow-up time, which may explain the lower

mortality rate compared with our results. The use of either

buprenorphine or methadone was associated with a significantly

reduced risk of mortality due to all and external causes. This associa-

tion has also been previously reviewed [13], although the use of

methadone has been linked to increased risk of accidental overdoses

[20], which can cause death due to external causes. However, in this

study methadone was also associated with a reduced risk of mortality

due to external causes. No association with the risk of mortality were

found due to natural causes and studied medications. This may be

because the most commonly found causes of death among opioid

users are overdose- or trauma and suicide-related (external causes),

and disease-specific deaths (here presented as death due to natural

cause) are far less common [27].

The risk for all-cause mortality and OUD hospitalization remained

reduced when studied between analyses by the duration of any OUD

treatment. The association of retention in OUD treatment and

reduced mortality has also been observed in recent systematic

reviews and meta-analyses [10, 14]. According to Sordo et al., the

induction phase of methadone treatment and the time immediately

after leaving treatment with both methadone and buprenorphine are

periods of particularly increased mortality risk [13]. However, we did

not find an increased risk of mortality or OUD hospitalization associ-

ated with any categorized duration of treatment, although methadone

treatment during the first 30 days was not associated with a reduced

risk of OUD hospitalization or mortality, unlike other duration catego-

ries. Evans et al. found in their cohort study in 2015 that exposure to

detoxification and maintenance treatment (versus being out of treat-

ment) was associated with lower risk of all-cause and cause specific

mortality risk [25]. However, the median observation time was

2.6 years, and researchers assumed that observation over a longer

time-period may reinforce knowledge of the cumulative protective

effect of methadone maintenance treatment. Our results, with more

than 7 years of follow-up, shows that the risk of all-cause mortality

was significantly lower in all analyzed categories of duration of use for

all exposures (the risk of all-cause mortality reduced from 28 to 78%).

Thus, our findings extend knowledge of the effectiveness of OUD

treatment during a longer period and offers valuable information to

reduce the high mortality risk of OUD patients.

In Sweden, OUD treatment is basically available for all citizens at

no or insignificant costs. However, an entry for maintenance treat-

ment for OUD requires a diagnosis of OUD for at least 12 months.

This inclusion criterion is stricter than in other Nordic countries [28]

and may lead to a lower rate of pharmacological treatment for OUD.

Low utilization rates of OUD pharmacotherapies have also been

observed in other studies [1, 12, 16]. Despite Sweden’s stricter inclu-
sion criteria, entry for maintenance treatment does not require failed

attempts of detoxification prior to opioid agonist treatment [28]. This

seems reasonable, concerning the results of a large American cohort

study reporting poor outcomes and decreasing odds of success in

repeated attempts at detoxification [29]. The follow-up of this study

started when a person purchased OUD medication for the first time,

and thus we cannot make any conclusions regarding possible

undertreatment of OUD in our study. However, only 83.8% of the

patients had an OUD diagnosis, possibly indicating deficient diagnos-

ing or recording of diagnoses of OUD.

Strengths and limitations

The main strength of this study is the data linkage of different reg-

isters and the nation-wide coverage of all actual OUD medication

purchases (instead of data on prescriptions given to the patients)

providing exceptionally wide data concerning medication use in

real-world circumstances. Also, the follow-up time of up to 7 years

was extensive. We analyzed the risk of hospitalization-based out-

comes using within-individual design where each individual acts as

his or her own control, which eliminates selection bias by account-

ing for factors remaining constant for an individual. Medication use

was modelled with the PRE2DUP-method, which describes actual

medication use well when compared with interview-reported use

[30]. Even though the medical treatment of opioid use disorder is

well established, our study provided new, pivotal information of

the real-world effectiveness of buprenorphine and methadone on

long-term health outcomes.

One of the limitations of this study is that some of the OUD med-

ications are provided by the treatment centres and not dispensed

through pharmacies; thus we could not acquire information on these

treatments. However, in 2012 the number of opioid substitution

treatment patients in Sweden was a little over 5000 [31], possibly

indicating that the majority of patients using opioid substitution treat-

ment is included in the cohort. Another limitation of this study is that

we do not know whether people actually took medications they pur-

chased. However, the medication use data take into account actually

dispensed medications (from the pharmacy), not prescriptions for the

medications. This provides more reliable information about the actual

medication use.

In addition, there was no information on possible levels of illicit

opioid use, so the effectiveness of studied medications was evaluated

with secondary measures such as risk of hospitalization and death.

However, these outcomes represent severe and significant conse-

quences for both the individual and society. Another limitation is that

we did not know whether an individual had psychosocial treatments

during the use of medication. However, the effectiveness of non-

pharmacological treatment is shown to be inferior to pharmacological

treatment [4].
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CONCLUSION

Buprenorphine and methadone were both associated with a signifi-

cantly lower risk of hospitalization due to OUD and death due to all

and external causes, when compared with no use of OUD medication.

Thus, the results of our study imply the effectiveness of these phar-

macological treatments of OUD. Regarding the analysis of the dura-

tion of medications, effectiveness seems to begin within the first

month after initiation and remain similar during long-term treatment.

Thereby, long-term use seems feasible, even for more than a year.

Hospitalizations and mortality of individuals with OUD cause remark-

able harm and costs for both individuals and society and, according to

our findings, buprenorphine and methadone seem to reduce these

outcomes. Increasing knowledge of the effectiveness of medications

for OUD can encourage clinicians to steer their patients towards med-

ical treatment of OUD and possibly strive societies for re-evaluating

inclusion criteria for OUD treatment. Due to the increasing awareness

of OUD medications being associated with favourable outcomes, soci-

eties may consider offering more low-threshold treatment to high-risk

OUD patients.

ACKNOWLEDGEMENTS

This study was funded by the Finnish Ministry of Social Affairs and

Health through the developmental fund for Niuvanniemi Hospital.

The funders of the study had no role in study design, data collection,

data analysis, data interpretation or writing of the report. The

corresponding authors had full access to all the data and the final

responsibility to submit for publication.

DECLARATION OF INTERESTS

J.T., H.T., E.M.-R. and A.T. have participated in research projects

funded by grants from Janssen-Cilag and Eli Lilly to their

employing institution. H.T. reports personal fees from Janssen-Cilag

and Otsuka. J.T. reports personal fees from the Finnish Medicines

Agency (Fimea), European Medicines Agency (EMA), Eli Lilly,

Janssen-Cilag, Lundbeck and Otsuka, is a member of advisory

board for Lundbeck and has received grants from the Stanley

Foundation and Sigrid Jusélius Foundation. M.L. is a board member

of Genomi Solutions Ltd and Nursie Health Ltd, and has received

honoraria from Sunovion, Orion Pharma, Janssen-Cilag, Lundbeck

and Otsuka and research funding from The Finnish Medical Foun-

dation and Emil Aaltonen Foundation.

AUTHOR CONTRIBUTIONS

Milja Heikkinen: Conceptualization; data curation; formal analysis;

investigation; methodology; software; supervision; validation; visuali-

zation. Heidi Taipale: Conceptualization; data curation; formal analy-

sis; investigation; methodology; software; supervision; validation;

visualization. Antti Tanskanen: Conceptualization; data curation; for-

mal analysis; investigation; methodology; software; validation. Ellenor

Mittendorfer-Rutz: Conceptualization; supervision. Markku

Lähteenvuo: Conceptualization; formal analysis; validation; visualiza-

tion. Jari Tiihonen: Conceptualization; formal analysis; funding

acquisition; investigation; project administration; resources; supervi-

sion; validation.

ORCID

Milja Heikkinen https://orcid.org/0000-0002-4041-0333

REFERENCES

1. Toce MS, Chai PR, Burns MM, Boyer EW. Pharmacologic treatment

of opioid use disorder: a review of pharmacotherapy, adjuncts, and

toxicity. J Med Toxicol. 2018;14:306–22.
2. United Nations Office on Drugs and Crime (UNODC). World Drug

Report 2019. Vienna, Austria: UNODC; 2019.

3. World Health Organization (WHO). Opioid overdose. 2020. Available

at: https://www.who.int/news-room/fact-sheets/detail/opioid-

overdose (accessed 10 June 2020).

4. Wakeman SE, Larochelle MR, Ameli O, Chaisson CE, McPheeters JT,

Crown WH, et al. Comparative effectiveness of different treatment

pathways for opioid use disorder. JAMA Netw Open. 2020;3(2):

e1920622.

5. Volkow ND, Jones EB, Einstein EB, Wargo EM. Prevention and treat-

ment of opioid misuse and addiction: a review. JAMA Psychiat.

2019;76:208–16.
6. Coffa D, Snyder H. Opioid use disorder: medical treatment options.

Am Fam Physician. 2019;100:416–25.
7. Hickman M, Steer C, Tilling K, Lim A, Marsden J, Millar T, et al. The

impact of buprenorphine and methadone on mortality: a primary care

cohort study in the United Kingdom. Addiction. 2018;113(8):1461–
1476.

8. Shulman M, Wai JM, Nunes EV. Buprenorphine treatment for opioid

use disorder: an overview. CNS Drugs. 2019;33:567–80.
9. Hser YI, Evans E, Grella C, Ling W, Anglin D. Long-term course of

opioid addiction. Harv Rev Psychiatry. 2015;23:76–89.
10. Ma J, Bao YP, Wang RJ, Su MF, Liu MX, Li JQ, et al. Effects of medi-

cation-assisted treatment on mortality among opioids users: a sys-

tematic review and meta-analysis. Mol Psychiatry. 2019;24(12):

1868–1883.
11. Dematteis M, Auriacombe M, D’Agnone O, Somaini L, Szerman N,

Littlewood R, et al. Recommendations for buprenorphine and metha-

done therapy in opioid use disorder: A European consensus. Expert

Opin Pharmacother. 2017;18(18):1987–1999.
12. Koehl JL, Zimmerman DE, Bridgeman PJ. Medications for manage-

ment of opioid use disorder. Am J Heal Pharm. 2019;76:1097–103.
13. Sordo L, Barrio G, Bravo MJ, Indave BI, Degenhardt L, Wiessing L,

et al. Mortality risk during and after opioid substitution treatment:

systematic review and meta-analysis of cohort studies. BMJ. 2017;

357:j1550.

14. Santo T, Clark B, Hickman M, Grebely J, Campbell G, Sordo L, et al.

Association of opioid agonist treatment with all-cause mortality and

specific causes of death among people with opioid dependence: a

systematic review and meta-analysis. JAMA Psychiat. 2021;78:

979–93.
15. Bell J, Strang J. Medication treatment of opioid use disorder. Biol

Psychiatry. 2020;87:82–8.
16. Cioe K, Biondi BE, Easly R, Simard A, Zheng X, Springer SA. A sys-

tematic review of patients’ and providers’ perspectives of medica-

tions for treatment of opioid use disorder. J Subst Abuse Treat.

2020;119:108146.

17. Volkow ND, Blanco C. Medications for opioid use disorders: clinical

and pharmacological considerations. J Clin Invest. 2020;130:10–3.
18. Kampman K, Jarvis M. American Society of Addiction Medicine

(ASAM) national practice guideline for the use of medications in the

treatment of addiction involving opioid use. J Addict Med. 2015;9:

358–67.

1690 HEIKKINEN ET AL.

https://orcid.org/0000-0002-4041-0333
https://orcid.org/0000-0002-4041-0333
https://www.who.int/news-room/fact-sheets/detail/opioid-overdose
https://www.who.int/news-room/fact-sheets/detail/opioid-overdose


19. Connery HS. Medication-assisted treatment of opioid use disorder:

Review of the evidence and future directions. Harv Rev Psychiatry.

2015;23(2):63–75.
20. Molero Y, Zetterqvist J, Binswanger IA, Hellner C, Larsson H, Fazel S.

Medications for alcohol and opioid use disorders and risk of suicidal

behavior, accidental overdoses, and crime. Am J Psychiatry. 2018;

175:970–8.
21. World Health Organization (WHO) Collaborating Centre for Drug

Statistics. The Anatomical Therapeutic Chemical Classification

System—Structure and Principles. 2011. Accessed June 14, 2021.

Available at: http://www.whocc.no/atc/structure_and_principles/

22. Tanskanen A, Taipale H, Koponen M, Tolppanen AM, Hartikainen S,

Ahonen R, et al. From prescription drug purchases to drug use

periods—a second generation method (PRE2DUP). BMC Med Inform

Decis Mak. 2015;15:21.

23. Allison PD. Fixed Effects Regression Models. SAGE; 2009.

24. Lichtenstein P, Halldner L, Zetterqvist J, Sjölander A, Serlachius E,

Fazel S, et al. Medication for attention deficit-hyperactivity disorder

and criminality. N Engl J Med. 2012;367:2006–14.
25. Evans E, Li L, Min J, Huang D, Urada D, Liu L, et al. Mortality among

individuals accessing pharmacological treatment for opioid depen-

dence in California, 2006–10. Addiction. 2015;110(6):996–1005.
26. Bech AB, Clausen T, Waal H, Šaltyte Benth J, Skeie I. Mortality and

causes of death among patients with opioid use disorder receiving

opioid agonist treatment: a national register study. BMC Health Serv

Res. 2019;19:1–10.
27. Degenhardt L, Bucello C, Mathers B, Briegleb C, Ali H, Hickman M,

et al. Mortality among regular or dependent users of heroin and

other opioids: a systematic review and meta-analysis of cohort stud-

ies. Addiction. 2011;106(1):32–51.

28. Gedeon C, Sandell M, Birkemose I, Kakko J, Rúnarsd�ottir V,

Simojoki K, et al. Standards for opioid use disorder care: an assess-

ment of Nordic approaches. Nord Alk Tidskr. 2019;36:286–98.
29. Nosyk B, Li L, Evans E, Urada D, Huang D, Wood E, et al. Utilization

and outcomes of detoxification and maintenance treatment for opi-

oid dependence in publicly-funded facilities in California, US: 1991–
2012. Drug Alcohol Depend. 2014;143:149–57.

30. Taipale H, Tanskanen A, Koponen M, Tolppanen AM, Tiihonen J,

Hartikainen S. Agreement between PRE2DUP register data modeling

method and comprehensive drug use interview among older persons.

Clin Epidemiol. 2016;8:363–71.
31. Selin J, Perälä R, Stenius K, Partanen A, Rosenqvist P, Alho H. Opioid

substitution treatment in Finland and other Nordic countries:

established treatment, varying practices. Nord Stud Alcohol Drugs.

2015;32:311–24.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Heikkinen M, Taipale H, Tanskanen A,

Mittendorfer-Rutz E, Lähteenvuo M, Tiihonen J. Real-world

effectiveness of pharmacological treatments of opioid use

disorder in a national cohort. Addiction. 2022;117:1683–91.

https://doi.org/10.1111/add.15814

EFFECTIVENESS OF OUD PHARMACOTHERAPY 1691

http://www.whocc.no/atc/structure_and_principles/
https://doi.org/10.1111/add.15814




 

 

 

 

 

 

 

 

 

 

 

 

 

III 

 

 

Association of Pharmacological Treatments and Hospitalization and 

Death in Individuals With Amphetamine Use Disorders in a 

Swedish Nationwide Cohort of 13 965 Patients 

Heikkinen M, Taipale H, Tanskanen A, Mittendorfer-Rutz E, Lähteenvuo M, 

Tiihonen J  

JAMA Psychiatry. 2023 Jan 1;80(1):31-39. 

 

 

 

 





Association of Pharmacological Treatments and Hospitalization
and Death in IndividualsWith Amphetamine Use Disorders
in a Swedish Nationwide Cohort of 13 965 Patients
Milja Heikkinen, MD; Heidi Taipale, PhD; Antti Tanskanen, PhD; Ellenor Mittendorfer-Rutz, PhD;
Markku Lähteenvuo, MD, PhD; Jari Tiihonen, MD, PhD

IMPORTANCE There are nomedications approved by authorities for the treatment of
amphetamine ormethamphetamine dependence, and studies investigating the effectiveness
of pharmacological treatments in hard outcomes, such as hospitalization and death, are lacking.

OBJECTIVE To investigate the association between pharmacotherapies and hospitalization
andmortality outcomes in persons with amphetamine or methamphetamine use disorder.

DESIGN, SETTING, AND PARTICIPANTS This nationwide register-based cohort studywas
conducted from July 2006 to December 2018 with a median (IQR) follow-up time of 3.9
(1.0-6.1) years. Data were analyzed fromDecember 1, 2021, to May 24, 2022. All residents
aged 16 to 64 years living in Sweden with a registered first-time diagnosis of amphetamine or
methamphetamine use disorder and without previous diagnoses of schizophrenia or bipolar
disorder were identified from nationwide registers of inpatient care, specialized outpatient
care, sickness absence, and disability pension.

EXPOSURESMedications for substance use disorders (SUDs) or for attention-deficit/
hyperactive disorder, mood stabilizers, antidepressants, benzodiazepines and related drugs,
and antipsychotics. Medication use vs nonuse wasmodeled with the PRE2DUP (from
prescription drug purchases to drug use periods) method.

MAIN OUTCOMES ANDMEASURES Primary outcomeswere hospitalization due to SUD and any
hospitalization or death, which were analyzed using within-individual models by comparing
use and nonuse periods of 17 specific medications or medication classes in the same
individual to minimize selection bias. The secondary outcomewas all-cause mortality, studied
using between-individual analysis as traditional Coxmodels.

RESULTS There were 13 965 individuals in the cohort (9671 [69.3%]male; mean [SD] age,
34.4 [13.0] years). During follow-up, 7543 individuals (54.0%) were taking antidepressants,
6101 (43.7%) benzodiazepines, 5067 (36.3%) antipsychotics, 3941 (28.2%) ADHD
medications (1511 [10.8%] were taking lisdexamphetamine), 2856 (20.5%) SUDmedications,
and 1706 (12.2%)mood stabilizers. A total of 10 341 patients (74.0%) were hospitalized
due to SUDs, 11 492 patients (82.3%) were hospitalized due to any cause or died, and 1321
patients (9.5%) died of any cause. Lisdexamphetamine was the only medication in this study
that was significantly associated with a decrease in risk of 3 outcomes (adjusted hazard
ratio [aHR], 0.82; 95% CI, 0.72-0.94 for SUD hospitalization; aHR, 0.86; 95% CI, 0.78-0.95
for any hospitalization or death; aHR, 0.43; 95% CI, 0.24-0.77 for all-cause mortality).
Methylphenidate use also was associated with lower all-cause mortality (aHR, 0.56; 95% CI,
0.43-0.74). Use of benzodiazepines was associated with a significantly higher risk of SUD
hospitalization (aHR, 1.17; 95% CI, 1.12-1.22), any hospitalization or death (aHR, 1.20; 95% CI,
1.17-1.24), and all-cause mortality (aHR, 1.39; 95% CI, 1.20-1.60). Use of antidepressants or
antipsychotics was associated with a slight increase in risk of SUD hospitalization (aHR, 1.07;
95% CI, 1.03-1.11 and aHR, 1.05; 95% CI, 1.01-1.09) as well as any hospitalization or death
(aHR, 1.10; 95% CI, 1.06-1.14 and aHR, 1.06; 95% CI, 1.03-1.10, respectively).

CONCLUSIONS AND RELEVANCE In this study, use of lisdexamphetamine was associated with
improved outcomes in persons with amphetamine or methamphetamine use disorders,
encouraging the conduct of randomized clinical trials. Prescription benzodiazepine use was
associated with poor outcomes.
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Amphetamines are the second most used illicit drugs
worldwide and amphetamine-related hospitalizations
are increasing substantially.1,2 There is an elevated

risk of infections and mental disorders associated with meth-
amphetamine or amphetamine use disorders (MAUD).1,3

People with MAUD are also at higher risk of mortality com-
pared with the general population, mainly from directly
drug-related deaths, but also due to suicide, homicide, car-
diovascular disease, and injuries.4,5 Amphetamine use
is associated with aggressive behavior and criminality,
which also indirectly lead to morbidity and mortality.6 Mor-
tality related to amphetamine or methamphetamine use is
increasing7,8 and has doubled over the past decade, possibly
indicating the next substance use crisis.9 According to the
European Monitoring Centre for Drugs and Drug Addiction
Sweden Country Drug Report 2019,10 amphetamines were
the third most commonly used illicit drugs, and 1.2% of
young adults aged 17 to 34 years were taking them. Concern-
ing all the harm and costs that MAUD cause for the individual
and society, effective treatments seem essential.11 However,
there are currently no approved pharmacological interven-
tions available for treating MAUD.6 Recent meta-analyses
have investigated the effectiveness of antidepressants, anti-
psychotics, psychostimulants, anticonvulsants, and opioid
agonists and antagonists3,6 and suggest that there are some
promising candidates for the treatment of MAUD, yet con-
vincing evidence is lacking.3 Treatment with the combina-
tion of extended-release injectable naltrexone and daily oral
extended-release bupropion resulted in a low, but higher
than placebo, response for methamphetamine-negative urine
samples.12 In addition, the antidepressant mirtazapine has
been reported to reduce methamphetamine use when com-
bined with substance use counseling.13 The most consistent
positive findings have been demonstrated with stimulant
agonists (dexamphetamine14,15 and methylphenidate16-18),
naltrexone,19,20 and topiramate,21 whereas antidepressants
have shown less consistent results in reducing amphetamine
use.3 A recent systematic review and meta-analysis22 evalu-
ated agonist-based pharmacological interventions (similarly
as used in opioid and tobacco use disorders) and found that
prescription psychostimulants had a beneficial effect to pro-
mote abstinence in persons with stimulant use disorders.
Dexamphetamine has similar neurochemical and behavioral
effects to methamphetamine,23 and it has been used as an
off-label treatment for MAUD. Lisdexamphetamine is a phar-
macologically inactive prodrug of dexamphetamine. It pre-
sents a candidate pharmacotherapy for MAUD and seems
relatively safe and well tolerated.24 However, studies tend to
be limited by small sample sizes in defined populations and
by low treatment retention or completion rates.3

To our knowledge, no studies have investigated the
effectiveness of pharmacological treatments concerning hard
outcomes, such as hospitalization and death. We aimed to
investigate the association of various pharmacotherapies in
persons with MAUD with hospitalization due to substance
use disorder (SUD) and any hospitalization or death as main
outcomes and mortality due to all causes as the secondary
outcome.

Methods

Nationwide register-baseddatawereused to conduct a popu-
lation-based cohort study of patients with MAUD. The proj-
ect was approved by the Regional Ethics Board of Stockholm
(decision 2007/762-31). No informed consent is required for
register-based studies using anonymized data.

Study Population
Data were gathered prospectively from nationwide Swedish
registers, including the National Patient Register, the Causes
of Death Register, the Longitudinal Integration Database for
Health Insurance and Labor Market Studies register, and the
Micro Data for Analyses of Social Insurance (MiDAS) register.
Drug use datawere gathered from the Prescribed Drug Regis-
ter (PDR) from July 2005 to December 2018. The data analy-
sis was conducted from December 1, 2021, to May 24, 2022.

All residents aged 16 to 64 years living in Sweden with
a registered first-time treatment contact due toMAUD (Inter-
national StatisticalClassificationofDiseasesandRelatedHealth
Problems, Tenth Revision [ICD-10] codes F15.0-15.9, other
stimulant use, including amphetamine and methamphet-
amine) between July 1, 2006, andDecember 31, 2018,were in-
cluded in this study. Theywere identified from inpatient, spe-
cialized outpatient, sickness absence, and disability pension
(MiDAS) registers. Individualswere chosen based onnot hav-
ing a previous diagnosis of schizophrenia or bipolar disorder.
All Swedish residents have been assigned a unique personal
identification number, which enabled linkage between vari-
ous registers.

Exposures
Medication use information in the PDR is categorized accord-
ing to the Anatomical Therapeutic Chemical classification.25

Drugs were categorized as medications for SUDs, medica-
tions for attention-deficit/hyperactivedisorder (ADHD),mood
stabilizers, antidepressants, benzodiazepines and related
drugs, andantipsychotics (eMethods in theSupplement).Each
medication classwas comparedwith nonuse of that class un-
less otherwise stated.Medicationuseperiods (ie,whenmedi-
cation use started and ended) were constructed using the

Key Points
Question What is the association between pharmacological
treatments and hospitalization andmortality outcomes in
individuals with amphetamine use disorders?

Findings In this Swedish nationwide cohort study of 13 965
individuals, lisdexamphetamine was significantly associated with
a decrease in risk of hospitalization due to substance use disorder,
any hospitalization or death, and all-cause mortality.

Meaning In this study, lisdexamphetamine was consistently
associated with improved outcomes in individuals with
amphetamine use disorders, while other pharmacological
treatments were not, encouraging the conduct of randomized
clinical trials.
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PRE2DUP (from prescription drug purchases to drug use
periods) method26 (eMethods in the Supplement).

Outcomes
Themainoutcomemeasureswerehospitalizationdue to SUD
(ICD-10 codes F10-F19 as a main diagnosis) and hospitaliza-
tion due to any cause or death. The secondary outcome was
all-cause mortality.

Covariates
Within-individual analyses were adjusted for temporal order
of treatments and time since cohort entry (eTable 1 in the
Supplement). Between-individual analyses were addition-
ally adjusted for baseline covariates age, sex, education,
granted disability pension, long-term sickness absence dur-
ing previous year (more than 90 days), and time-varying co-
variates, includingmedication-related comorbidities (eTable 1
in the Supplement).

Statistical Analysis
Main outcomes were treated as recurrent events and ana-
lyzed with the within-individual Cox regression model27,28

(eMethods in theSupplement).Awithin-individualmodelwas
also used in sensitivity analysis on lisdexamphetamine dose
categories29 (as time-varyingdose,measured indefineddaily
dose [DDD]) (eMethods in the Supplement) and in the analy-
sis, where the first 30 days after medication use started were
omitted (omission analysis). The within-individual model is
a stratified Cox regression model in which each individual
formed his or her own stratum,which reduces selection bias.
All-causemortalitywasanalyzedwith traditionalmultivariate-
adjusted Cox regression model as between-individual analy-
sis (eMethods in theSupplement).Follow-upstartedat the first
diagnosis of MAUD and ended at death, emigration, diagno-
sis of schizophrenia or bipolar disorder, or end of study fol-
low-up (December 31, 2018). Statistical significancewas set at
.05usingBenjamini-Hochberg falsediscovery ratemethodon
a per graph basis. The results are reported as adjusted hazard
ratios (aHRs) with 95% CIs.

Results
Cohort Characteristics
In the total cohort, including 13 965 persons with a diagnosis
of MAUD, 9671 individuals (69.3%) were men, and the mean
(SD)agewas34.4 (13.0)years.Themedian (IQR) follow-uptime
was 3.9 (1.0-6.1) years. During follow-up, 7543 individuals
(54.0%) were taking antidepressants, 6101 (43.7%) benzodi-
azepines, 5067 (36.3%) antipsychotics, 3941 (28.2%) ADHD
medications (1511 [10.8%] were taking lisdexamphetamine)
2856 (20.5%) SUD medications, and 1706 (12.2%) mood sta-
bilizers. The number of individuals taking each studied drug
are shown in eTable 2 in the Supplement. A total of 4059
patients (29.1%) had work income during the calendar year
before cohort entry, 3292 (23.6%) were unemployed for 1 to
180 days, 890 (6.4%) for more than 180 days, 889 (6.4%) for
more than 90 days sickness absence, and 2082 (14.9%) were

receivingadisabilitypensionatcohortentry.Overall, 4075par-
ticipants (29.2%) were diagnosed with alcohol use disorder,
1791 (12.8%)with sedativeusedisorder, 1623 (11.6%)with opi-
oid use disorder, and 4728 (33.9%) with other psychoactive
multiuse disorder. Altogether, 2690 (19.3%) had anxiety dis-
order, 1843 (13.2%)depression, and 1657 (11.9%)ADHDatbase-
line. At the end of follow-up, 3160 individuals (22.6%) were
diagnosed with ADHD.

Outcomes
Risk of SUDHospitalization
Duringfollow-up, 10341patients (74.0%)werehospitalizeddue
toSUDs.Theuseof lisdexamphetamine(aHR,0.82;95%CI,0.72-
0.94,comparedwithADHDmedicationnonuse),aswellaspoly-
therapyofSUDmedications(aHR,0.78;95%CI,0.66-0.92,com-
paredwithnonuseofSUDmedications)wereassociatedwithsig-
nificantly lower riskofSUDhospitalization inwithin-individual
analysis (Figure 1). The resultswere similar in the30-dayomis-
sionanalysis and, inaddition to lisdexamphetamine, theuseof
valproic acidwas associatedwith a 13% lower risk of SUD hos-
pitalization(eTable3 intheSupplement). Inbetween-individual
analyses,theuseoflisdexamphetamine(aHR,0.75;95%CI,0.66-
0.85), combination of ADHDmedications (aHR, 0.82; 95% CI,
0.70-0.95), andmethylphenidate (HR,0.90;95%CI,0.86-0.95)
were associatedwith reduced risk of SUDhospitalization com-
pared with nonuse of ADHDmedications (Table 1). The use of
antidepressants (aHR, 1.07; 95% CI, 1.03-1.11) and benzodiaz-
epines (aHR, 1.17; 95%CI, 1.12-1.22)were associatedwith a sig-
nificantly increase in risk of SUDhospitalization (Figure 1) and
the results remained similar in the omission-analysis (eTable 3
in the Supplement) and in the between-individual analysis
(Table 1). Inbetween-individualanalysis, also theuseofmetha-
done(aHR,1.25;95%CI, 1.15-1.36)andantipsychotics (aHR,1.19;
95%CI, 1.15-1.23)wereassociatedwithan increase inriskofSUD
hospitalization, and the resultwas similar for antipsychotics in
theomissionanalysis.Ofspecificantidepressants, theuseofmir-
tazapine (aHR, 1.08; 95%CI, 1.00-1.15), venlafaxine (aHR, 1.13;
95%CI, 1.02-1.25), andcitalopram(HR, 1.14; 95%CI, 1.00-1.29)
wereassociatedwithan increase in riskof SUDhospitalization,
andnoneof themostusedantidepressantswereassociatedwith
reduced risk (eTable 4 in the Supplement).

Risk of Any Hospitalization or Death
During follow-up, 11492patients (82.3%)werehospitalizeddue
toanycauseordied.Theuseof a combinationof2ormoreSUD
medications (aHR, 0.77; 95% CI, 0.66-0.90), lisdexamphet-
amine(aHR,0.86;95%CI,0.78-0.95),andbuprenorphine(aHR,
0.89;95%CI,0.81-0.97)wereassociatedwithsignificantly lower
riskofanyhospitalizationordeathcomparedwithperiodswhen
thesameindividualwasnot takingthestudiedmedicationclass
(Figure 2). In the omission analyses, the use of lisdexamphet-
amine and the combination of 2 or more ADHD medications
wereassociatedwitha lower riskofanyhospitalizationordeath
(eTable 3 in the Supplement). In between-individual analyses,
the use of lisdexamphetamine (aHR, 0.86; 95% CI, 0.78-0.94)
andmethylphenidate (aHR, 0.94; 95%CI, 0.90-0.99)were as-
sociatedwith a lower risk of any hospitalization or death com-
paredwith ADHDmedication nonuse (Table 1). The use of an-
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tidepressants (aHR, 1.10; 95% CI, 1.06-1.14), benzodiazepines
(aHR,1.20;95%CI,1.17-1.24),andantipsychotics(aHR,1.06;95%
CI, 1.03-1.10)wereassociatedwithan increase in riskofanyhos-
pitalization or death (Figure 2), and the results were similar in
the omission analysis (eTable 3 in the Supplement) and in be-
tween-individualanalysis (Table1). Inbetween-individualanaly-
sis, theuseofmethadone (aHR, 1.28;95%CI, 1.18-1.40)andcar-
bamazepine (HR, 1.14; 95%CI, 1.05-1.23) were associatedwith
a significant increase in risk of any hospitalization or death. In
thesensitivityanalysis for themostusedantidepressants,none
of the studied antidepressants were associatedwith favorable
outcomes. The use of mirtazapine (aHR, 1.09; 95% CI, 1.02-
1.15), venlafaxine (aHR, 1.17; 95% CI, 1.07-1.26), citalopram
(aHR,1.15;95%CI, 1.05-1.27), fluoxetine (aHR,1.13;95%CI, 1.02-
1.24), and paroxetine (aHR, 1.19; 95% CI, 1.00-1.43) were asso-
ciated with an increase in risk of death or hospitalization due
to any cause, andnoneof antidepressantswas associatedwith
a lowerrisk (eTable4 intheSupplement).Theresults for thespe-
cific combinations of ADHD and SUD medications are shown
in eTable 5 in the Supplement.

As a sensitivity analysis for the main outcomes, we per-
formed subgroup analyses, where the use of lisdexamphet-
aminewasstratifiedbydosecategories (<45mg/d,45-<65mg/d,
65-<85 mg/d, and ≥85 mg/d). The risk of SUD hospitalization
and the risk of any hospitalization or death were lower in the
dose categories 45 to less than 65 mg/d (a reduction of 30%

and 23%, respectively) and 65 to less than 85 mg/d (a reduc-
tion of 25% and 21%, respectively) compared with nonuse of
lisdexamphetamine (Table 2).

Risk of All-CauseMortality
Duringfollow-up,1321patients (9.5%)diedofanycause.Theuse
of lisdexamphetamine(aHR,0.43;95%CI,0.24-0.77)andmeth-
ylphenidate (HR,0.56;95%CI,0.43-0.74)wereassociatedwith
a significantly lower risk of death due to any cause. The use of
benzodiazepines (aHR, 1.39; 95% CI, 1.21-1.60) was associated
withasignificant increase in riskofdeath (Figure3).The results
were similar in the analysiswhere the outcomewas death due
tooverdose. Inaddition to lisdexamphetamine (aHR0.34,95%
CI, 0.14-0.82) and methylphenidate (HR, 0.60; 95% CI, 0.42-
0.85), the use of buprenorphine (aHR, 0.32; 95%CI, 0.14-0.73)
andmethadone (aHR, 0.44; 95%CI, 0.21-0.93)were also asso-
ciatedwitha lowerriskofdeathduetooverdose.Theuseofben-
zodiazepines (aHR, 1.74; 95%CI, 1.40-2.17) and antipsychotics
(aHR, 1.29; 95%CI, 1.02-1.64)were associatedwithan increase
in risk of death due to overdose (eTable 6 in the Supplement).

Discussion
To the best of our knowledge, no other cohort study has in-
vestigated the associationof pharmacological treatments and

Figure 1. Adjusted Hazard Ratios (aHRs) and 95%CIs for the Risk of Hospitalization Due to Substance Use
Disorder (SUD) During Pharmacotherapy ComparedWith Nonuse of theMedication Class
inWithin-Individual Analyses
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hyperactive disorder.
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2 or moremedications.

bResults significant after
Benjamini-Hochberg false discovery
rate correction for multiple
comparisons at a .05 threshold.
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outcomes in patients with MAUD during a long-term fol-
low-upperiod. This studyprovides insight concerning the as-
sociation of different medications, generally used in persons
with MAUD, with long-term health outcomes, such as risk of
hospitalization anddeath.We found that, comparedwithper-
sonal nonuseperiods, lisdexamphetaminewas theonlymedi-
cation studied that was associated with a statistically signifi-
cant beneficial finding in all 3 outcomes (SUDhospitalization,
anyhospitalization or death, and all-causemortality). Benzo-
diazepines, antidepressants, and antipsychotics were associ-
ated with an increase in risk of any hospitalization or death.
Benzodiazepines and antidepressants were also associated
with an increase in risk of SUD hospitalization and the use of
benzodiazepines was associated with a higher risk of death.

Currently there arenoofficially approvedpharmacothera-
pies for MAUD and, despite promising medication candi-
dates, studies are often limited by small and selected cohorts
as well as low treatment retention or completion rates. The
mostconsistentpositive findingshavebeendemonstratedwith
stimulant-agonist treatments as well as naltrexone and topi-
ramate, and less consistent benefits have been observed for

antidepressants bupropion andmirtazapine.3 SUDs andmen-
tal disorders have high comorbidity, and the combination of
SUD and ADHD is associated with an increase in risk of other
psychiatric comorbidities, such asmood, anxiety andperson-
ality disorders.30 In this study, lisdexamphetaminewas asso-
ciated with beneficial outcomes. Also, the combination of
ADHD medications showed a trend toward positive out-
comes, although the results were not statistically significant.
The use of methylphenidate was associated with the lowest
observedmortality. Lisdexamphetamine is licensed for doses
ranging from30to70mg/d in the treatmentofADHDandbinge
eating disorder in non–stimulant-dependent populations,
although there is available safety data from the use of lisdex-
amphetamine up to 250 mg/d.24 In this study, 1511 persons
(10.8%) were taking lisdexamphetamine. The most benefi-
cial outcome was observed with doses from 45 to 85 mg/d.
Overall, 1657 individuals (11.9%) were diagnosed with ADHD
at baseline (n = 3160; 22.6% at the end of study), and the use
of lisdexamphetaminemighthavebeen indicated for its treat-
ment. However, the use of lisdexamphetamine was associ-
ated with positive outcomes in between-analyses also, indi-

Table 1. Adjusted Risk of Hospitalization Due to Substance Use Disorder (SUD) and Any Hospitalization or Death
in Traditional Between-Individual CoxModel AssociatedWith Use ofMedication vs Nonuse ofMedication Class

Medication

SUD hospitalization Any hospitalization or death
Events,
No. aHRa (95% CI)

Nominal
P value

Events,
No. aHRa (95% CI)

Nominal
P value

SUD medications

Disulfiram 443 0.90 (0.80-1.01) .08 649 0.95 (0.86-1.06) .36

Acamprosate 263 1.00 (0.85-1.17) .99 344 0.96 (0.84-1.10) .55

Naltrexone 325 1.14 (0.98-1.33) .10 406 1.07 (0.92-1.25) .38

Buprenorphine 1127 1.02 (0.93-1.11) .75 1332 0.98 (0.90-1.06) .57

Methadone 1516 1.25 (1.15-1.36) <.001b 1807 1.28 (1.18-1.40) <.001b

≥2 SUD medications 224 0.89 (0.77-1.04) .13 270 0.91 (0.79-1.05) .19

Mood stabilizers

Carbamazepine 787 1.11 (1.01-1.22) .03 1140 1.14 (1.05-1.23) .001b

Valproic acid 560 0.96 (0.85-1.07) .44 954 1.08 (0.99-1.18) .09

Lamotrigine 389 0.92 (0.82-1.03) .14 787 1.11 (1.00-1.24) .05

Topiramate 76 0.97 (0.78-1.21) .81 161 1.14 (0.89-1.46) .31

≥2 Mood stabilizers 59 1.16 (0.87-1.57) .32 110 1.18 (0.94-1.50) .16

ADHD medication

Amphetamine 11 0.72 (0.44-1.17) .18 26 0.91 (0.64-1.30) .61

Dexamphetamine 103 0.83 (0.57-1.21) .33 222 0.88 (0.72-1.08) .23

Methylphenidate 2484 0.90 (0.86-0.95) <.001b 4198 0.94 (0.90-0.99) .01b

Modafinil 20 0.72 (0.52-0.99) .046 49 0.92 (0.72-1.18) .51

Atomoxetine 249 0.90 (0.78-1.04) .15 372 0.90 (0.80-1.01) .06

Lisdexamphetamine 472 0.75 (0.66-0.85) <.001b 909 0.86 (0.78-0.94) <.001b

≥2 ADHD medications 223 0.82 (0.70-0.95) .007b 428 0.89 (0.81-0.99) .04

Benzodiazepines 8674 1.15 (1.11-1.19) <.001b 15 118 1.23 (1.19-1.26) <.001b

Antipsychotics 7920 1.19 (1.15-1.23) <.001b 11 977 1.23 (1.20-1.27) <.001b

Antidepressants 8843 1.06 (1.02-1.10) <.001b 14 551 1.10 (1.07-1.13) <.001b

Abbreviations: ADHD, attention-deficit/hyperactive disorder; aHR, adjusted
hazard ratio.
a Adjusted for other medication use (opioid and nonopioid analgesics,
cardiovascular medications, alimentary tract andmetabolismmedications,
and antiepileptic drugs), number of previous hospitalizations due to
methamphetamine use disorders, comorbidities (cardiovascular disease,

diabetes, asthma or chronic obstructive pulmonary disease, previous cancer,
kidney disease, previous suicide attempt, SUD other thanmethamphetamine
use disorders, depression, anxiety disorder, ADHD), and sociodemographic
factors (age, sex, and education) with nonuse of medications as a reference.

bResults significant after Benjamini-Hochberg false discovery rate correction
for multiple comparisons at a .05 threshold.
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cating that it may have potential for improving outcomes in
individuals who usemethamphetamine in general. Concern-
ing the positive results in treatingMAUDwith stimulant ana-
logs, it may signalize the possibility to treat MAUD parallel to
opioid and tobacco use disorders, in which treatment with
agonistlikemedicationhas been successfully implemented.22

Naltrexone has been a promising candidate in treating am-
phetamineusedisorder,3,12,20 and thereforeweanalyzedvari-

ous pharmacological treatments of different SUDs. However,
naltrexone had no association with the outcomes of interest
in our study. To exclude the impact of possible poor adher-
ence tocontinueoralnaltrexonesoonafter it is started,weper-
formed a sensitivity analysis for themain outcomes by omit-
ting the first 30 first days of medication use. Still, the use of
naltrexone was not associated with a lower risk of hospital-
izations or death. It should be noted that this concerned only

Figure 2. Risk of Hospitalization Due to Any Cause or Death During Use of Pharmacotherapy
ComparedWith Nonuse of theMedication Class inWithin-Individual Analyses
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Table 2. Risk of Outcomes AssociatedWith Use of Lisdexamphetamine ComparedWith Nonuse
of Lisdexamphetamine inWithin-Individual Model Stratified by Dose Categories
in Defined Daily Doses (DDDs)

DDD/d
Events,
No.

Individuals,
No.

Person-
years aHR (95% CI)

Risk of hospitalization due to substance use disorder

Lisdexamphetamine
by dose categories

<45 mg/d <1.50 72 457 185 1.10 (0.80-1.52)

45 to <65 mg/d 1.50 to <2.17 86 425 308 0.70 (0.52-0.93)

65 to <85 mg/d 2.17 to <2.83 117 399 394 0.75 (0.57-0.99)

≥85 mg/d ≥2.83 197 525 546 0.83 (0.67-1.03)

Risk of hospitalization due to any cause or death

Lisdexamphetamine
by dose categories

<45 mg/d <1.50 124 455 185 1.02 (0.80-1.30)

45 to <65 mg/d 1.50 to <2.17 167 423 308 0.77 (0.62-0.95)

65 to <85 mg/d 2.17 to <2.83 246 398 392 0.79 (0.64-0.96)

≥85 mg/d ≥2.83 372 517 542 0.92 (0.78-1.07) Abbreviation: aHR, adjusted
hazard ratio.
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oralnaltrexone, as extended-release injectablenaltrexonewas
not available during the studyperiod.However, the combina-
tionof different SUDmedicationswas associatedwith a lower
risk of hospitalization due to SUD and of any hospitalization
or death. The findingmaybe explainedby the fact that people
withSUDs tend tohavecomorbidities tootherSUDs, and treat-
ingdifferent disorderswithdifferentmedicationsmay lead to
better outcomes. The use of buprenorphine was associated
with a significantly lower risk of any hospitalization or death
and showed a positive trend in reducing SUD hospitalization
andall-causemortality, althoughtheassociationswerenot sta-
tistically significant. This result is in line with a recent find-
ingwhere the use of buprenorphinewas associatedwith a re-
duction inhospitalizations due to opioid use disorder and all-
cause mortality.31 Methadone, also used in the treatment of
opioid use disorder, was not clearly associated with benefi-
cial outcomes. This may be due to the fact that methadone is
associatedwithmore severe adverse effects and a greater risk
for sublethal intoxication,whichbuprenorphinedoesnothave
due to its ceilingeffect.However,whentheoutcomewasdeath
due tooverdose, bothbuprenorphineandmethadonewereas-
sociatedwith a lower risk. Themood stabilizer topiramatehas
been suggested to be beneficial in treating MAUD.21,32 In our
study, the use of any of the studiedmood stabilizerswere not
associated with a decrease or increase in risk of studied out-
comes. In addition, theuseof specific antidepressantswasnot
associatedwith lower risk of hospitalizations or death,which
is in line with previous studies,3,6 and only the use of mir-
tazapine in combination with counseling and bupropion in

combinationwithwithnaltrexonehaveshownpreviouslyposi-
tive signals in treatingMAUD.12,13 In fact, in this study, theuse
of antidepressants as a group was associated with a statisti-
cally significant increase in riskof SUDhospitalizationandany
hospitalization or death, and the use of mirtazapine and bu-
propion was not associated with any of the outcomes of in-
terest in our study. Overall, the use of benzodiazepines and
antipsychotics was associatedwith an increase in risk of hos-
pitalizations as well as mortality. Poor outcomes associated
with use of benzodiazepines in other SUDs have been re-
cently demonstrated.31,33 The antipsychotic aripiprazole has
been previously studied in the treatment of amphetamine or
methamphetamine dependence andhas been foundnot only
ineffective in reducing methamphetamine use, but in fact
increasing it.34,35

Themain strengths of this study are large population size
of almost 14000personswithnationwide coverage of people
withdiagnosedMAUD.Previous studies concerning the effec-
tivenessofmedications forMAUDaremostly randomizedclini-
cal trials limited by small sample sizes, low participant reten-
tion,and lowtreatmentadherence rates.Themedian follow-up
time in this study was 3.9 years. Overall, the results are gen-
eralizable for real-world patients and offer new anduseful in-
formationontheassociationofmedicationswidelyused inper-
sonswithMAUDwith long-termhealthoutcomes.Weanalyzed
the main outcomes by using within-individual design where
each individual acts as his or her own control. The method
eliminates selection bias by accounting for factors remaining
constant for an individual. In addition, we used data on actu-

Figure 3. Adjusted Risk of All-CauseMortality AssociatedWithMedication Use vsMedication Class Nonuse
in Between-Individual Analyses (Traditional CoxModel)
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ally purchased medications instead of data on prescriptions
given to patients. Drug use was modeled with the PRE2DUP
method, which is known to estimate drug use-periods with
high accuracy.36 We analyzed various medications from dif-
ferentmedication groups and performed sensitivity analyses
for themost consistent findings, which increases the reliabil-
ity of the results.

Limitations
Althoughwithin-individual analyses eliminate selectionbias,
they do not eliminate protopathic bias. In other words, phar-
macological treatments are often discontinued when clinical
state has improved and are started when clinical state dete-
riorates. Therefore, the results may underestimate the puta-
tive beneficial effect with treatments, and thismay partly ex-
plain the poor results for antidepressants, benzodiazepines,
andantipsychotics. To control for this bias,weconducted sen-
sitivity analyses by omitting the first 30 days of use, and the
results were in line with main analyses. One of the limita-
tions of this study is that we had no information on possibly
reduced amphetamine or methamphetamine consumption
or total abstinence. In addition, there was no information
on the possible effects of withdrawal symptoms or craving of

amphetamine ormethamphetamine. Thus, we evaluated the
effectiveness of different medications by estimating the risk
for unfavorable outcomes (hospitalizationsordeath), as these
outcomes represent significant disadvantages and costs for
boththe individualandsociety.Another limitationof this study
is thatwedidnot knowhowmanyof the studiedmedications
were indicated for somespecific comorbidity. For example,we
do not know whether lisdexamphetamine was used to treat
ADHDor (off-label)MAUD.However, thepositive findingswith
lisdexamphetaminewere consistent in all studied outcomes,
encouraging the conducting of randomized clinical trials in
the future.

Conclusions
In this Swedishnationwide cohort study,useof lisdexamphet-
amine was consistently associated with a reduction in risk of
death and hospitalization in persons with amphetamine or
methamphetamine. Use of antidepressants were associated
with an increase in risk of hospitalization due to SUD and any
hospitalization or death. Benzodiazepine use was associated
with poor outcomes.
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Substance use disorders are associated 

with health and societal challenges, 
elevating the likelihood of morbidities and 
premature mortality. Despite the potential 

for improvement through pharmacotherapy, 
it remains underutilised, largely attributed 
to a deficient knowledge of comparative 

effectiveness of different medications. This 
thesis aimed to investigate the real-world 
effectiveness of medications for alcohol, 

opioid and amphetamine use disorders by 
analysing the data from Swedish nationwide 

registers. 
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