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Abstract

Objective

Update the evidence on use of pharmacotherapy for alcohol use disorder in a Canadian

population.

Methods

Using whole-population administrative data from Manitoba, Canada, we identified all resi-

dents age 12+ who were first diagnosed with alcohol use disorder between April 1, 1996 and

March 31, 2015, and compared characteristics of those who filled a prescription for naltrex-

one, acamprosate or disulfiram at least once during that period to those who did not fill a pre-

scription for an alcohol use disorder medication.

Results

Only 1.3% of individuals with alcohol use disorder received pharmacotherapy (62.3% of pre-

scriptions were for naltrexone, 39.4% for acamprosate, 7.5% for disulfiram). Most prescrip-

tions came from family physicians in urban alcohol use disorder (53.6%) and psychiatrists

(22.3%). Individuals were more likely to fill a prescription for alcohol use disorder medication

if they lived in an urban vs rural environment (OR 2.25; 95% CI 1.83–2.77) or had a mood/

anxiety disorder diagnosis vs no diagnosis (OR 2.40, 95% CI 1.98–2.90) in the five years

before being diagnosed with alcohol use disorder.

Conclusion

Despite established evidence for the effectiveness of pharmacotherapy for alcohol use dis-

order, these medications continue to be profoundly underutilized in Canada.
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Introduction

Alcohol use disorder (AUD) is characterized by compulsive alcohol use and loss of control

over alcohol intake, and it is associated with substantial morbidity and mortality in North

American populations [1–3]. In Canada, more than 3000 deaths/year are attributable to alco-

hol consumption [3]. Globally, 5.3% of all deaths and 5.0% of the global burden of disease and

injury (measured in Disability-Adjusted Life Years) in 2016 have been attributed to alcohol,

translating into approximately 3 million alcohol-attributable deaths after taking into account

the potential benefits of low-risk drinking [4]. Alcohol use is directly related to many other

adverse physical and psychosocial health outcomes, including cancer, infectious disease, car-

diovascular disease, neuropsychiatric disease, and intentional and unintentional self-injury

[4–6]. Moreover, alcohol drinking affects not only individuals, but has a negative impact on

society as a whole, as it is often associated with increased rates of child abuse and/or neglect

[7–9], intimate partner violence [10, 11], and hospitalization and mortality rates [12–14].

Despite the substantial individual, societal, and global public health burden of AUD, it

appears to be largely untreated [1, 15]. Even though effective pharmacotherapies for AUD have

been available for decades and are supported by numerous systematic reviews and meta-analy-

ses establishing both their efficacy and safety [16–19], drugs such as naltrexone and acamprosate

have been found to be severely underutilized among AUD patients in select populations [20–

22]. For example, in studies of US military veterans with AUD, fewer than 5% received any kind

of pharmacotherapy [21, 22]. In another study enrolling low-income AUD patients in Ontario,

Canada, the rate of AUD medications dispensed was similarly low [23]. While these low rates

are concerning, questions as to the generalizability of previous findings remain, since many of

the existing studies examining AUD pharmacotherapy enrolled non-representative samples.

Thus, the rate of treatment uptake in the general population is still largely unknown.

Our study aims to address this gap in the literature, leveraging comprehensive whole-popula-

tion data to determine the proportion of individuals receiving pharmacotherapy for AUD. We

used administrative data from the general population of Manitoba, Canada to examine the use of

pharmacotherapy (naltrexone, acamprosate, and/or disulfiram) among individuals with AUD.

We describe their sociodemographic and clinical characteristics and their healthcare use, deter-

mine the medical specialties most likely to prescribe them AUD medications, and identify vari-

ables that predict whether or not individuals with AUD are likely to fill prescriptions for AUD

pharmacotherapy. The study’s findings shed light on prescribing patterns among physicians car-

ing for AUD patients, and inform clinical practice for treating AUD in general populations.

Methods

Study setting

Manitoba is a central Canadian province with approximately 1.3 million residents, and the

main urban centre is the city of Winnipeg (population approx. 780,000). The province is repre-

sentative of Canada in many respects, ranking in the middle for most indicators of health and

education [24, 25]. Manitoba also has the capacity to link individual-level information on pre-

scription medications to large population-based administrative datasets, which contain infor-

mation on virtually all contacts with the healthcare system and social services over the last 20

+ years. All residents of Manitoba have universal healthcare coverage.

Data sources

This study used data from the population-based Manitoba Population Research Data Reposi-

tory housed at the Manitoba Centre for Health Policy at the University of Manitoba, Canada.
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The Repository contains 70+ databases with information from the health, education, social,

and justice sectors on nearly all residents of the province of Manitoba (except for active mili-

tary personnel and incarcerated persons), in many cases going back more than 40 years. The

data are de-identified (names and addresses removed), but can be linked across databases and

over time using a unique numeric personal identification code.

The databases we used in this study include the Manitoba Health Insurance Registry (age,

sex, region of residence, mortality), the Drug Program Information Network (DPIN) database

(prescription medications, prescriber information), the Hospital Abstracts Database (hospitali-

zations, diagnosis codes), the Medical Services Database (ambulatory visits, diagnosis codes),

Canada Census data (income quintile), and Vital Statistics (cause of death). Validity checks

have demonstrated that these datasets have first-rate linkage accuracy [26, 27].

Study population

Using the administrative data, we identified all people in the province of Manitoba over the

age of 12 who received a first diagnosis of AUD within the study period (April 1, 1996 –March

31, 2015). For the specific definition of AUD we used, see S1 Table. The date an individual

first met the criteria for an AUD diagnosis was considered their ‘index date’. Within this

cohort, we compared individuals diagnosed with AUD who received at least one prescription

for naltrexone (ATC N07BB04), acamprosate (ATC N07BB03), or disulfiram (ATC N07BB01)

and who had at least five years of continuous health coverage prior to their index date, to indi-

viduals diagnosed with AUD who did not fill any prescriptions during the study period.

Outcome variables

The study outcomes included: the proportion of individuals with AUD who filled a prescription

for AUD pharmacotherapy, sociodemographic and clinical characteristics of individuals with

AUD and the medical specialties who most often prescribed AUD medications. We used records

of prescriptions from the DPIN database, including drug identification number, date of dispensa-

tion, and prescriber specialty, to identify individuals with AUD who were treated with pharmaco-

therapy. Data on the sociodemographic characteristics of the study population came from

Repository datasets listed above. Resource Utilization Bands (RUBs) are a simplified ranking sys-

tem of overall morbidity across six categories; individuals who would be expected to use the same

level of resources are grouped together [28]. Individuals diagnosed with a substance use disorder,

personality disorder, or psychosis in the five years before index date were identified using ICD

codes (see S2 Table), and those diagnosed with mood and anxiety disorders in the five years before

index date were identified using a combination of ICD codes and ATC codes (S3 Table). The clin-

ical and healthcare use characteristics we examined included number of hospitalizations, ambula-

tory visits and emergency department visits in the year before AUD diagnosis, and we also looked

at specifically at how many of the hospitalizations and ambulatory visits were related to mental

health. We examined the number of prescriptions individuals with AUD filled at least twice con-

secutively and the specific types of medications they received in the year before being diagnosed

(see S4 Table for ATC codes). Lastly, we ran a multivariate logistic regression model to determine

whether age, sex, urban/rural geography and mental health were important predictors of receiving

AUD pharmacotherapy. These variables were selected based on evidence of their contribution

driving difference in medication use and access to care described in the literature [29–31].

Statistical analysis

Two-sided Chi-squared tests and t-tests for unequal variances were used to identify statistically

significant (p<0.05) differences in categorical and continuous outcomes, respectively, between
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the two groups. We calculated the proportion of each medical specialty who prescribed AUD

medications. We ran multivariable hierarchical regression models to identify significant pre-

dictors of receiving pharmacotherapy for AUD; individual-level factors included age, sex

(female reference), urban residence, and co-occurring mood or anxiety disorders. Individuals

were clustered by neighbourhood (urban-dwelling individuals) and regional health district

(rural-dwelling individuals).

Ethics

This study was approved by the University of Manitoba Human Research Ethics Board and

Health Information Privacy Committee at Manitoba Government Department of Health.

Results

The proportion of Manitobans with AUD using pharmacotherapy is presented in Table 1.

Between 1996 and 2015, 37,388 individuals were diagnosed with AUD, representing 2.9% of

the Manitoba population. Among these, 493 individuals received a prescription medication

for AUD and 36,895 individuals did not receive any AUD-specific pharmacotherapy. Among

individuals who received pharmacotherapy for AUD, 58.0% were prescribed naltrexone,

36.3% were prescribed acamprosate, and 5.7% were prescribed disulfiram. A higher propor-

tion of males vs females filled a prescription for each type of AUD medication. Table 1 also

presents the sociodemographic characteristics of the study cohort. The mean age at index date

for both groups was 40 years. More than half of individuals who filled a prescription for an

AUD medication were first diagnosed between the ages of 30–50, while non-prescription users

were more evenly distributed among age groups from 12–79 years. The majority of those who

filled a prescription lived in urban vs rural settings, and they were fairly evenly represented

across income quintiles, whereas those who did not fill a prescription demonstrated a clear

income gradient.

Table 2 presents the clinical characteristics and healthcare use of the study cohort. The

majority of AUD medication prescription users fell into Band 3 or 4 on the RUB scale (mod-

erate health resource use), while many non-prescription users were in Band 0 (no significant

health resource use). Prescription users were more likely than non-prescription users to

have a mood- or anxiety-related diagnosis leading up to their index date. Those who filled

prescriptions for AUD medication had more hospitalizations and ambulatory visits in the

year prior to index date, and were also more likely to have mental health-related ambulatory

care visits than those who did not fill a prescription. Neither the number of emergency

department visits nor the number of prescription medications for chronic conditions in the

year prior to index date was different between the two groups. Prescription users were more

likely than non-users to receive SSRI antidepressants, but not TCA antidepressants. They

were also more likely to receive sedatives, anxiolytics and the anti-epileptic medication

lamotrigine.

Fig 1 shows that the majority of prescriptions for AUD medications came from family phy-

sicians practicing in urban settings, followed by psychiatrists and family physicians in rural set-

tings. Fig 2 presents the results of the hierarchical regression model, showing which variables

were important predictors of individuals with AUD receiving pharmacotherapy. These find-

ings indicate that individuals with AUD were more likely to fill an AUD prescription medica-

tion if they lived in an urban setting or had a comorbid mood or anxiety disorder diagnosis.

Older individuals had reduced odds of receiving an AUD medication. Sex was not a significant

predictor of receiving a prescription medication for AUD.
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Discussion

In the general population of Manitoba, only 1.3% of individuals diagnosed with AUD filled a

prescription for an AUD medication over the course of the 20-year study period; naltrexone

Table 1. Sociodemographic characteristics of Manitobans with alcohol use disorder.

Filled Prescription for AUD Medication Did Not Fill Prescription for AUD Medication p-value�

USE OF PHARMACOTHERAPY

N (% of total) 493 (1.3) 36,895 (98.6)

Filled prescription for naltrexone, n (%) 286 (58.0) – –

Male 154 (53.8)

Female 132 (46.2)

Filled prescription for acamprosate, n (%) 179 (36.3) – –

Male 108 (60.3)

Female 71 (39.7)

Filled prescription for disulfiram, n (%) 28 (5.7) – –

Male 22 (78.6)

Female 6 (21.4)

SOCIODEMOGRAPHIC CHARACTERISTICS

Mean Age (years) 40.02 40.48 0.419

Age Group, n (%) <0.0001

12–19 16 (3.3) 5,369 (14.6)

20–29 91 (18.5) 8,223 (22.3)

30–39 137 (27.8) 6,213 (16.8)

40–49 136 (27.6) 5,588 (15.2)

50–59 88 (17.9) 4,547 (12.3)

60–69 16 (3.3) 3,281 (8.9)

70+ 9 (1.8) 3,674 (9.9)

Sex (overall), n (%) 0.005

Male 284 (57.6) 23,511 (63.7)

Female 209 (42.4) 13,384 (36.3)

Residence, n (%) <0.0001

Urban 369 (74.9) 20,069 (54.4)

Rural 124 (25.2) 16,826 (45.6)

Income Quintile, n (%) <0.0001

U1 (lowest) 67 (13.6) 7,399 (20.1)

U2 81 (16.4) 4,186 (11.4)

U3 79 (16.0) 3,330 (9.0)

U4 68 (13.8) 2,599 (7.0)

U5 (highest) 72 (14.6) 2,054 (5.6)

R1 (lowest) s 5,784 (15.7)

R2 19 (3.9) 3,510 (9.5)

R3 30 (6.1) 2,640 (7.2)

R4 30 (6.1) 2,660 (7.2)

R5 (highest) 32 (6.5) 2,148 (5.8)

Income Not Available s 585 (1.6)

All index dates 1996/97 to 2014/15 unless otherwise noted. s: This result has been suppressed due to small numbers in this cell (1–5 individuals)–however, these

individuals are still included in the overall analyses.

�p-value is for chi-squared tests (categorical outcomes) or t-tests (continuous outcomes).

https://doi.org/10.1371/journal.pone.0257025.t001
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was the medication most commonly prescribed. This finding clearly highlights the profound

underutilization of evidence-based medications for AUD, and is consistent with other research

on low prescribing rates of AUD medications among US veterans [20, 21], low income Cana-

dians [23], and Australians [32]. Low prescribing rates, uptake and utilization of AUD medica-

tions is a multi-faceted and complex matter influenced by patient, physician, and health

Table 2. Clinical characteristics and healthcare use of Manitobans with alcohol use disorder.

Filled Prescription for AUD

Medication

Did Not Fill Prescription for AUD

Medication

p-value ��

CLINICAL CHARACTERISTICS

Resource Utilization Band (morbidity), n (%) <0.0001

0 (non-user) 57 (11.6) 13,317 (36.1)

1 (lowest) 14 (2.8) 1,578 (4.3)

2 55 (11.2) 5,642 (15.3)

3 295 (59.8) 13,441 (36.4)

4 63 (12.8) 2,438 (6.6)

5 (highest) 9 (1.8) 479 (1.3)

Comorbidities, n (%)

Substance Abuse Disorder (excl. alcohol) 54 (11.0) 3,243 (8.8) 0.0924

Mood and Anxiety Disorders 320 (64.9) 15,008 (40.7) <0.0001

Personality Disorders 31 (6.3) 1,748 (4.7) 0.1082

Psychoses 23 (4.7) 2,359 (6.4) 0.1185

HEALTHCARE USE

# Hospitalizations in the year before index date, mean (SD) 83 (0.86) 10,705 (0.81) <0.0001

For mental health reasons 29 (0.37) 1,796 (0.32) 0.3119

# Ambulatory Visits in the year before index date, mean (SD) 4,239 (10.07) 240,361 (7.79) <0.0001

For mental health reasons 1,630 (6.37) 48,679 (3.78) <0.0001

# Emergency Department Visits in the year before index date, mean

(SD)�
343 (2.18) 12,488 (2.27) 0.8103

# Chronic Prescription Medications in the year before index date, mean

(SD)

819 (2.06) 57,623 (2.65) 0.0794

Chronic Prescription Medication Groups, n (%) <0.0001

0 187 (37.9) 20,197 (54.7)

1–3 232 (47.1) 10,771 (29.2)

4–8 68 (13.8) 4,745 (12.9)

9+ 6 (1.2) 1,182 (3.2)

Use of Medications 1 year before index date (2+ Rx with gap < 25%

days’ supply), n (%)

SSRI Antidepressants 121 (24.5) 3,238 (8.8) <0.0001

TCA Antidepressants 14 (2.8) 1,065 (2.9) 0.9515

Other Antidepressants 80 (16.2) 2,038 (5.5) <0.0001

Sedatives and Anxiolytics 118 (23.9) 5,228 (14.2) <0.0001

Antipsychotics (excl. lithium) 31 (6.3) 1,656 (4.5) 0.0629

Anticonvulsants 17 (3.5) 845 (2.3) 0.0888

Lithium s 180 (0.5) 0.3815

Opioids 30 (6.1) 2,911 (7.9) 0.1570

All index dates 1996/97 to 2014/15 unless otherwise noted. s: This result has been suppressed due to small numbers (1–5 individuals)–however, these individuals are still

included in the analyses; SD: Standard deviation.

�Limited to Winnipeg residents only, index dates 2000/01-2012/13.

��p-value is for chi-squared tests (categorical outcomes) or t-tests (continuous outcomes).

https://doi.org/10.1371/journal.pone.0257025.t002
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system factors, including perceived low patient demand for the treatment, lack of provider

knowledge about pharmacotherapy for alcohol dependence, and lack of confidence in treat-

ment efficacy [33, 34].

Fig 1. Physician specialties responsible for prescribing individuals’ first alcohol use disorder medication. Index

dates 1996/97 to 2014/15.

https://doi.org/10.1371/journal.pone.0257025.g001

Fig 2. Variables predicting pharmacotherapy use among individuals with alcohol use disorder. Odds Ratio with

95% CI.

https://doi.org/10.1371/journal.pone.0257025.g002
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In our study, the majority of individuals who filled a prescription spanned ages 30 to 50

years, a lengthy span which reflects the lag time typically observed between AUD diagnosis

and onset of treatment [32]. While AUD often begins in young adulthood, the wide range of

ages among individuals being treated for AUD points to a considerable gap between diagnosis

and treatment, highlighting a need for improved AUD recognition in primary care settings

and more aggressive outreach before individuals with AUD begin to present in emergent care.

Older individuals in our study were less likely to receive pharmacotherapy for AUD than the

30–50 year old group. A similar finding has been found in other studies of health service use

and treatment for substance use among older adults, despite positive treatment outcomes [35,

36]. These findings point to an opportunity to improve access to care and broader treatment

options for older patients with AUD.

The vast majority of patients with AUD who received pharmacotherapy lived in urban settings,

perhaps reflecting better access to prescription medications for AUD in urban vs rural areas in

Manitoba. Individuals with AUD living in urban settings were also evenly distributed across

income quintiles. This is an interesting finding as previous research has shown that lower income

individuals are more likely to receive treatment for AUD [37]. Our finding can perhaps be

explained by the availability of full coverage for eligible medications for all Manitoba residents

after an income-based deductible is met. Finally, those who received AUD medications were also

more likely to have overall higher health resource utilization and, in the year before diagnosis of

AUD, have higher rates of hospitalizations. These findings likely reflect the impact of AUD on an

individual’s physical health, contributing to increased resource use and hospitalization prior to

pharmacotherapy being initiated, and are corroborated by a number of other studies [12, 30, 38].

In Manitoba, the majority of AUD medication prescriptions were provided by family physi-

cians practicing in urban settings, with psychiatrists being the second most frequent prescribers.

These results are in contrast to other studies of AUD medication prescribing, which found that

psychiatrists are more likely than other medical specialties to use pharmacotherapy in the general

population of individuals with AUD [34, 39]. Research from the US Veteran’s Health Administra-

tion has also shown that clinicians with dedicated training in addictions or physicians working at

specialized addiction treatment centres tend to use pharmacotherapy at a higher rate than family

physicians. However, in Manitoba, a large portion of addiction care is provided by family physi-

cians, which may partially explain why they were the specialty most likely to prescribe AUD medi-

cations in our study. Overall, prescription rates for AUD medications were quite low, warranting

improved education for physicians about the pharmacological options available to individuals

with AUD. Family medicine, with its high prevalence of collaborative care models, is an ideal set-

ting in which to initiate pharmacological treatment for these patients [40].

Our study found that individuals with AUD were more likely to be prescribed an AUD

medication if they had a co-morbid mood or anxiety disorder diagnosis. This finding aligns

with studies of co-morbidities among US veterans [20, 21]. Patients with a co-occurring disor-

der are more likely to present to specialty psychiatric care, and thus may benefit from psychia-

trists’ increased knowledge of and/or experience with AUD medications. Furthermore, the

efficacy of naltrexone in combination with the antidepressant sertraline has been demon-

strated in a population with co-occurring AUD and depression [41]. Sex was not associated

with receiving an AUD medication prescription, which is in keeping with research from

Ontario, Canada [23].

Strengths & limitations

Strengths of this study include the use of the Manitoba Population Research Data Repository,

a comprehensive whole-population database of the residents of Manitoba, Canada. The use of
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administrative data overcomes limitations of recall bias and loss to follow-up. The DPIN data-

base used in this study captures over 90% of prescriptions filled in community pharmacies in

Manitoba and provides an accurate retrospective profile of individuals diagnosed with AUD

and their medication prescriptions. Our study links data over 20 years, allowing for a robust

analysis of predictive factors for receiving an AUD prescription medication.

Our study also has some recognized limitations. The administrative data only provide

information on prescriptions filled at the pharmacy, and as such we do not have data on actual

patient consumption. The number of prescriptions written by physicians may be underesti-

mated in our study, since some prescriptions were likely generated but not filled by patients.

As well, the DPIN database does not capture medications prescribed to patients in hospitals or

penitentiaries–it is conceivable that some patients may have received an AUD medication

while admitted that they discontinued once they were living in the community again. Off-label

medications used for AUD, such as topiramate, were not included in the analysis; however,

excluding them may have caused us to underestimate the proportion of individuals with AUD

receiving pharmacotherapy. Information on non-drug interventions for managing AUD were

not available in the administrative data.

Conclusion

This large population-based longitudinal cohort study examined receipt of naltrexone, acam-

prosate, and disulfiram treatment among individuals with an AUD diagnosis in Manitoba,

Canada. Despite established evidence for pharmacotherapeutic treatment of AUD, these medi-

cations were profoundly underutilized, potentially contributing to considerable public health

harms for individuals, families and society at large. Future research in this area should focus

on medication adherence and time to prescriptions following diagnosis in the general popula-

tion, as well as specific barriers preventing pharmacotherapy treatment for individuals with

AUD.
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