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Abstract

Background and aims: In Australia, patterns of use of smoking cessation medications

and factors associated with their dispensing are currently not known. This study aimed

to measure the demographic and clinical factors associated with varenicline dispensing

compared with nicotine replacement therapy (NRT) and bupropion among first-time

users of Pharmaceutical Benefits Scheme (PBS) subsidised smoking cessation medicines

in Australia and to characterise those who discontinued varenicline treatment

prematurely.

Design: Retrospective, population-based study. Logistic regression was used to identify

factors associated with varenicline dispensing compared with NRT and bupropion. Sensi-

tivity analyses estimated the proportion of individuals who completed the recommended

12weeks of varenicline treatment.

Setting and participants: First-time users of PBS subsidised smoking cessation medicines

in Australia. Individuals first dispensed a smoking cessation medicine between 2011 and

2019 were identified from a 10% random sample of the national dispensing claims data.

Measurements: The outcome for the regression analysis was the dispensing of var-

enicline compared with NRT and bupropion. The dispensing of a smoking cessation med-

icine was identified using the World Health Organization Anatomical Therapeutic

Chemical Classification System and PBS item codes. Independent variables included

demographic and clinical characteristics such as sex, age, concessional status, year of

treatment initiation and comorbidities identified using the Rx-Risk index. The proportion

of people who discontinued varenicline treatment after the initiation pack was deter-

mined using prescription refill data.

Findings: A total of 94 532 people had their first PBS subsidised smoking cessation med-

icine. Of these, 62 367 (66.0%) were dispensed varenicline, 29 949 (31.7%) NRT and

2216 (2.3%) bupropion. The odds of varenicline dispensing were higher in males (OR,

1.18; 95% CI, 1.14–1.21), but lower in older adults (0.86 [0.82–0.90] in above 30 years

to 0.49 [0.47–0.52] in 61 years and above), among concession beneficiaries (0.44; 0.43–

0.46), and those with congestive heart failure (0.60; 0.53–0.68), depression (0.61; 0.54–

0.69), anxiety (0.70; 0.66–0.73), psychotic illness (0.39; 0.37–0.42), and chronic obstruc-

tive pulmonary disease (0.87; 0.82–0.92). The majority (37 670; 60.4%) of those
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dispensed varenicline discontinued treatment after the initiation pack. Anxiety and psy-

chotic illnesses were significantly more prevalent in those who discontinued treatment.

Only 2804 (4.5%) of those dispensed varenicline completed 12 weeks of treatment.

Conclusion: Individuals dispensed varenicline in Australia appear to be healthier com-

pared with those who are dispensed nicotine replacement therapy or bupropion.
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INTRODUCTION

Smoking is the leading preventable cause of deaths and ill-health

worldwide, killing �7 million people each year [1]. In Australia,

tobacco use is the leading cause of cancer and accounts for 22% of

the country’s cancer burden [2]. Nicotine replacement therapy (NRT),

varenicline and bupropion are three evidence-based treatments cur-

rently licensed for managing nicotine dependence in Australia. A

Cochrane meta-analysis indicated that although single forms of NRT

and bupropion showed equal efficacy, varenicline outperformed both

agents (vs single forms of NRT: OR, 1.57; 95% CI, 1.29–1.91; vs

bupropion: OR, 1.59; 95% CI, 1.29–1.96) and had equal efficacy as

combination NRT [3]. The success of smoking cessation pharmaco-

therapy, however, is largely dependent on adherence to treatment [4].

Studies have found that adherence to varenicline is often suboptimal

[5, 6]. Good adherence to varenicline (taking ≥80% of the prescribed

regimen) has been associated with a 2-fold increase in 6-month absti-

nence rates [7].

Since its introduction, numerous studies [8–10] have found signif-

icant variabilities in varenicline use, which may be the result of safety

concerns raised by the United States Food and Drug Administration

(US FDA) [11]. In 2008, the FDA highlighted concerns regarding wors-

ening of an existing psychiatric illness and/or its potential recurrence

in patients treated with varenicline [8]. Subsequently, in 2009 the

FDA mandated that varenicline carried a ‘Black Box Warning’ (BBW)

alerting healthcare professionals to the possibility of adverse events

that included depressed mood, hostility, agitation, suicidal thoughts

and attempted suicide [12]. Additionally, in 2011 a safety announce-

ment was issued, which highlighted a small, increased risk of

cardiovascular events in smokers with cardiovascular disease, when

treated with varenicline [13]. However, because the issue of these

warnings several large-scale studies have found no increase in

neuropsychiatric adverse events attributable to varenicline relative to

nicotine patch or placebo in those with or without pre-existing psychi-

atric illness [14, 15]. Similarly, no increase in adverse cardiovascular

event rates have been found in those treated with varenicline com-

pared with placebo (risk difference, −0.60, 95%CI, −3.35–2.15) [16].

Although the BBW was removed in 2016 as a result of these findings,

current literature suggests that concerns may still exist among pre-

scribers and consumers [8–10].

The standard varenicline regimen is 1 mg twice daily for

12 weeks, with the dose titrated up over the first week of

treatment (0.5 mg once daily for 3 days then 0.5 mg twice daily

for 4 days then 1 mg twice daily thereafter) and a quit date set at

day 14. Studies indicate that an extended duration of varenicline

treatment (24 weeks) is more effective in preventing relapse and

improving long-term quit rates in those who adhere to the stan-

dard treatment [17–19]. A study reported that carbon monoxide

(CO) verified 7-day point prevalence abstinence rates at week

24 were significantly higher among adherent individuals who

received 24 weeks of treatment versus those who received the

standard 12-week treatment (60.5% vs 44.7%, P = 0.04) [19]. In

Australia, the Pharmaceutical Benefits Scheme (PBS) subsidises an

initial course (12 weeks) of varenicline treatment, which consists of

an initiation pack (4 weeks of treatment) and continuation packs

(8 weeks of treatment), for those who are motivated to quit and

undergo concurrent counselling for smoking cessation through a

comprehensive support and counselling program. An additional

12 weeks of treatment is available for those who quit smoking in

the process of completing the initial 12-week course or following

an initial 12-week course of varenicline [20]. However, details of

the counselling support received (if any) by patients undergoing

varenicline treatment are not available in the PBS dataset.

Little was known about the factors associated with varenicline

dispensing and treatment discontinuation among first-time users of

PBS subsidised smoking cessation treatment. Therefore, the aim of

this study was to evaluate the initial treatment decisions for patients

who consult with physicians about smoking cessation pharmacother-

apy in Australia. The specific objectives of the study were to: (i) assess

the demographic and clinical factors associated with varenicline dis-

pensing compared with NRT and bupropion among first-time users of

PBS subsidised smoking cessation treatment in Australia; (ii) examine

the pattern of varenicline use by comparing and contrasting the char-

acteristics of those who discontinued treatment after the initiation

pack versus those who continued treatment; (iii) and estimate the pro-

portion of people who completed 12 weeks of varenicline treatment.

When evaluating the factors associated with varenicline dispens-

ing compared with NRT and bupropion, it is imperative to note that

NRT is also available from supermarkets and over-the-counter (OTC)

in Australia, albeit at a higher cost to the individual. The use of NRT

on the PBS represented only 7% of the overall use in Australia in

2019, suggesting that the majority of NRT products are purchased

OTC [21]. However, the use of NRT OTC is outside the scope of this

analysis as these data are not captured in the PBS dataset.
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Nonetheless, the aim of this analysis is to evaluate the initial treat-

ment decisions for patients who consult with physicians about

smoking cessation pharmacotherapies in Australia. Therefore, smokers

who purchase NRT OTC are unlikely to be representative of patients

who present to primary care for smoking cessation advice and as such

are likely to be an inappropriate control group for patients prescribed

varenicline.

METHODS

Study design, data source and study population

This retrospective, population-based study used data from a 10% ran-

dom sample of Australia’s PBS, a national program that subsidises the

cost of prescription medicines [22]. The PBS data are available for

researchers in a number of different extracts or formats [23]. The

10% PBS sample is one of these extracts and is a longitudinal,

standardised, unit-record dataset that contains all PBS medicine dis-

pensing information for a random 10% sample of Australians [23].

Access to this dataset was established through a contract with Ser-

vices Australia (formerly Department of Human Services) [23].

Monash University has a licence agreement to access this dataset for

research.

NRT has been subsidised on the PBS to the general Australian

population since February 2011. Before this, NRT was subsidised

on the PBS only for veterans and the Aboriginal and Torres Strait

Islander population. NRT is also available from supermarkets and

OTC in Australia, but at a higher cost to individuals than through

the PBS. The majority of NRT products are purchased from super-

markets or OTC; however, the use of non-prescription NRT is out-

side the scope of this analysis because this information is not

captured in the PBS dataset. Bupropion was listed on the PBS in

August 2000 and varenicline in January 2008. The additional

12 weeks of varenicline treatment has been subsidised through the

PBS from 1 February 2011.

The study population included adults ages 18 to 99 years dis-

pensed NRT, bupropion or varenicline. Dispensed medications were

identified by using the relevant World Health Organization (WHO)

Anatomical Therapeutic Chemical Classification System (ATC) and

PBS item codes (Supporting information Data S1). Varenicline is pre-

scribed in Australia as per the PBS requirements shown in Supporting

information Data S2.

Cohort definition

We included first-time users of PBS subsidised smoking cessation

medication that were defined as individuals with their first dispensing

of a smoking cessation medicine (NRT, bupropion or varenicline)

between 1 January 2011 and 31 December 2019, with no previous

dispensing of a smoking cessation medication since 2007. The above

time period has been chosen to capture PBS dispensing data on all

three pharmacotherapies, including the additional 12 weeks of sub-

sidised treatment of varenicline.

Factors associated with varenicline dispensing

Factors associated with varenicline dispensing were compared with

the dispensing of NRT and bupropion. A validated comorbidity

index (Rx-Risk index) was used to identify comorbidities based on

medications dispensed in the year before or on the index date of

supply [24].

Specific comorbidities and the supply of other cardiovascular-

related pharmacotherapies (antiplatelets and anticoagulants) were

considered using the Rx-Risk index (Supporting information Data

S1). Comorbidities included anxiety, depression, congestive heart

failure (CHF), ischaemic heart disease, hypertension, hyper-

lipidaemia and chronic obstructive pulmonary disease (COPD).

Demographic information included age, sex and concessional status.

Concessional beneficiaries pay a smaller co-payment than general

beneficiaries for prescription medicines. For the purposes of this

study, concessional beneficiaries consisted of people with a Pen-

sion Card, Commonwealth Seniors Card, Health Care Card or a

Safety Net Card.

Pattern of varenicline use

Of those who had an index varenicline dispensing (first dispensing of

an initiation pack), we determined the proportion of people who were

dispensed a continuation pack within 60 days of the index supply

being exhausted (Figure 1). Discontinuation of treatment after the ini-

tiation pack was defined as more than 60 consecutive days between

the index varenicline dispensing and the continuation pack dispensing,

during which an individual had no varenicline available (Figure 1). Of

the people who discontinued treatment after the initiation pack, we

estimated the proportion of people who were dispensed NRT or

bupropion within 12months of the index varenicline dispensing to

estimate the proportion who may have switched smoking cessation

pharmacotherapy.

Sensitivity analyses were performed using prescription refill sta-

tus to estimate the proportion of people who completed the initial

12 weeks of varenicline treatment and remained abstinent, by esti-

mating the proportion of people who were dispensed an additional

12-week supply of varenicline within 60 days of the previous supply

being exhausted (Figure 1).

MEASURES

Independent variables

The predictors included in the analysis were demographic and clinical

characteristics such as sex, age, concessional status, year of treatment
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initiation and comorbidities identified using the Rx-Risk index

(Supporting information Data S1).

Dependent variables

The outcome for the regression analysis was the dispensing of var-

enicline compared with NRT and bupropion. The dispensing of a

smoking cessation medicine was identified using the WHO ATC and

PBS item codes (Supporting information Data S1).

Statistical analysis

Baseline characteristics were presented as means with SD or as fre-

quencies and percentages. Using multivariable logistic regression

models, adjusted ORs and 95% CI were estimated for factors associ-

ated with varenicline dispensing compared with the dispensing of

NRT or bupropion. A purposeful selection approach was used to iden-

tify the variables for the multivariable analysis [25]. Variables that had

a P value of <0.25 in univariate analysis were included in the multivar-

iable analyses along with the variables known to be clinically impor-

tant. Variables were included in the final regression model, if they

were significantly related to the outcome variable at the 0.1 α level.

Demographic and clinical factors associated with the discontinuation

of treatment after the initiation pack and the dispensing of an addi-

tional 12-week supply were also presented. Missing data were treated

as unknown. All analyses were conducted using the statistical package

SAS version 9.4 (SAS Institute). A P < 0.05 was subsequently regarded

as statistically significant.

The analysis plan for this study was not pre-registered and our

findings should be considered exploratory.

Institutional review and data approval

This study was approved by the Monash University Human Research

Ethics Committee (ID 22877). The analysis approval was obtained

from and the final manuscript was noted by Services Australia’s Exter-

nal Request Evaluation Committee (EREC number RMS1662).

RESULTS

We found that a total of 94 532 people (mean age 43.5� 14.9 years)

had their first dispensing of a PBS subsidised smoking cessation medi-

cine between 2011 and 2019 (Table 1). Of these, �66.0% (n = 62 367)

were dispensed varenicline, 31.7% (n = 29 949) NRT and 2.3% (n =

2216) bupropion. People dispensed NRT were significantly older

(47.9� 15.8 years) compared with those dispensed varenicline

(41.4� 13.9 years) or bupropion (41.9� 14.0 years) (Table 1). Men

accounted for 59.0% (n = 36 777), 50.7% (n = 15 172), and 51.1% (n =

1132) of those dispensed varenicline, NRT and bupropion,

respectively.

Demographic and clinical factors associated with
varenicline dispensing vs. NRT and bupropion

Male gender was associated with increased odds of being dispensed

varenicline compared with NRT or bupropion (1.18 [1.14–1.21])

(Table 2). Increasing age was associated with decreasing odds of being

dispensed varenicline compared with those ages 18 to 30 years

(Table 2). Similarly, concessional beneficiaries had lower odds of being

dispensed varenicline compared with general beneficiaries (0.44

[0.43–0.46]).

People with CHF (0.60 [0.53–0.68]), ischaemic heart disease/

angina (0.73 [0.65–0.83]), ischaemic heart disease/hypertension (0.90

[0.85–0.95]), depression (0.61 [0.54–0.69]), anxiety (0.70 [0.66–

0.73]), bipolar disorder (0.53 [0.44–0.65]), psychotic illness (0.39

[0.37–0.42]), alcohol dependency (0.56 [0.47–0.66]), epilepsy (0.68

[0.62–0.74]) and COPD (0.87 [0.82–0.92]) had lower odds of being

dispensed varenicline compared with NRT or bupropion (Table 2).

Pattern of varenicline use

Of the individuals dispensed a varenicline initiation pack (n = 62 367),

only 24 697 (39.6%) were dispensed a continuation pack (continued

treatment) suggesting that the majority (60.4%) discontinued treat-

ment after the initiation pack (4 weeks of treatment or less) (Figure 1).

Of those who discontinued treatment after the initiation pack, 1399

F I GU R E 1 Pattern of varenicline use among
those with an index dispensing in 2011to 2019.
n: number of participants. *PBS criterion for the
additional 12-week supply: patient must have
ceased smoking in the process of completing an
initial 12 weeks or ceased smoking following an
initial 12 weeks of PBS-subsidised treatment with
this drug in the current course of treatment. PBS
= Pharmaceutical Benefits Scheme
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(3.7%) switched to NRT or bupropion within 12 months of the index

varenicline dispensing.

Characteristics of people who discontinued varenicline
after the initiation pack vs. those who continued

Characteristics of those who discontinued treatment after the initiation

pack are presented in Table 3. Hyperlipidaemia (P < 0.001), ischaemic

heart disease/angina (P = 0.0164), ischaemic heart disease/hypertension

(P < 0.001) and COPD (P = 0.027) were significantly more prevalent in

those who continued treatment, compared with those who discontinued

after the initiation pack (Table 3). In contrast to this, the prevalence

of anxiety (P < 0.001) and psychotic illnesses (P = 0.003) was significantly

lower in those who continued varenicline treatment (Table 3).

Proportion of people who completed 12-weeks of
varenicline

Sensitivity analysis indicated that of the total varenicline cohort (n =

62 367), only 2804 (4.5%) people were dispensed an additional

12-week supply and hence, were deemed to have completed the ini-

tial 12-week course and were likely to have remained abstinent

(Figure 1). Characteristics of people who continued treatment after

the initiation pack and were dispensed an additional 12-week supply

of varenicline versus those who were not dispensed an additional sup-

ply are presented in Table 4. Hyperlipidaemia (P < 0.001), hyperten-

sion (P < 0.001), COPD (P < 0.001), depression (P < 0.001), anxiety (P <

0.001) and psychotic illnesses (P < 0.001) were significantly more

prevalent in those who were dispensed an additional 12-week supply

(Table 4).

T AB L E 1 Demographic and clinical characteristics of individuals first dispensed a smoking cessation medicine between 2011 and 2019

Total (n = 94 532) Varenicline (n = 62 367) NRT (n = 29 949) Bupropion (n = 2216)

Age, y, mean (�SD) 43.5� 14.9 41.4� 13.9 47.9� 15.8 41.9� 14.0

Sex, male, n (%) 53 081 (56.2) 36 777 (59.0) 15 172 (50.7) 1132 (51.1)

Concession beneficiaries, n (%) a,c 42 972 (46.0) 22 059 (35.6) 20 017 (68.4) 896 (40.8)

Comorbidity score median (IQR)b 1.0 (0.0–3.0) 1.0 (0.0–2.0) 2.0 (1.0–4.0) 1.0 (0.0–3.0)

No. comorbidities, n (%)b

0 33 778 (35.7) 27 531 (44.1) 5614 (18.7) 633 (28.5)

1–3 41 672 (44.1) 26 762 (42.9) 13 823 (46.2) 1087 (49.1)

4–6 14 091 (14.9) 6355 (10.2) 7361 (24.6) 375 (16.9)

7+ 4991 (5.3) 1719 (2.8) 3151 (10.5) 121 (5.5)

Antiplatelet therapy n (%) 1914 (2.0) 742 (1.2) 1137 (3.8) 35 (1.6)

Anticoagulant therapy n (%) 4113 (4.4) 1573 (2.5) 2486 (8.3) 54 (2.4)

Hyperlipidaemia n (%) 13 888 (14.7) 6935 (11.1) 6679 (22.3) 274 (12.4)

Hypertension n (%) 13 012 (13.8) 6381 (10.2) 6355 (21.2) 276 (12.5)

Congestive heart failure n (%) 1479 (1.6) 473 (0.8) 983 (3.3) 23 (1.0)

Arrhythmia n (%) 675 (0.7) 239 (0.4) 430 (1.4) 6 (0.3)

Ischaemic heart disease/angina n (%) 1735 (1.8) 628 (1.0) 1086 (3.6) 21 (1.0)

Ischaemic heart disease/hypertension 8627 (9.1) 4016 (6.4) 4411 (14.7) 200 (9.0)

Depression n (%) 22 557 (23.9) 10 893 (17.5) 10 832 (36.2) 832 (37.6)

Anxiety n (%) 10 255 (10.9) 4352 (7.0) 5547 (18.5) 356 (16.1)

Bipolar disorder n (%) 646 (0.7) 158 (0.3) 437 (1.5) 51 (2.3)

Psychotic illness n (%) 6538 (6.9) 1987 (3.2) 4295 (14.3) 256 (11.6)

Alcohol dependency n (%) 738 (0.8) 270 (0.4) 417 (1.4) 51 (2.3)

Epilepsy n (%) 3221 (3.4) 1140 (1.8) 1986 (6.6) 95 (4.3)

Chronic obstructive pulmonary disease n (%) 8268 (8.8) 4004 (6.4) 4099 (13.7) 165 (7.5)

Abbreviation: NRT = nicotine replacement therapy.
aConcession beneficiaries pay a smaller co-payment than general beneficiaries. Concession beneficiaries consist of people with a Pensioner,

Commonwealth Seniors Card, Health Care Card or Safety Net Card.
bA score of 1 was deducted from the total Rx-Risk score of individuals, because the whole cohort had a medication dispensed for smoking cessation at

baseline.
cMissing n = 1119.
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DISCUSSION

Our results indicated that among first-time users of PBS subsidised

smoking cessation medicines in Australia, varenicline is the most com-

monly dispensed medicine, followed by NRT. Compared with NRT or

bupropion, varenicline dispensing was less likely among women, older

individuals and those with comorbidities such as anxiety, depression,

bipolar disorder, psychotic illnesses, alcohol dependency, CHF and

COPD. Furthermore, our findings indicated that the majority (60.4%)

of individuals dispensed varenicline, discontinued treatment after the

initiation pack (4 weeks of treatment or less). Those who continued

varenicline treatment after the initiation pack had a significantly

higher prevalence of ischaemic heart disease/angina, ischaemic heart

disease/hypertension and COPD, but a lower prevalence of anxiety

and psychotic illnesses compared with those who discontinued treat-

ment. Of those who discontinued treatment, only 3.7% switched to

NRT or bupropion within 12months of the index varenicline dispens-

ing. Furthermore, our study showed that of the people dispensed var-

enicline, only 4.5% were likely to have completed 12 weeks of

treatment and achieved abstinence. Further research is needed to

T AB L E 2 Factors associated with the dispensing of varenicline compared with NRT or bupropion among first-time users of PBS subsidised
smoking cessation medicine in 2011–2019

Unadjusted OR (95% CI) Unadjusted P value Adjusted OR (95% CI) Adjusted P value

Sex, male 1.40 (1.36–1.44) <0.001 1.18 (1.14–1.21) <0.001

Age, y

18–30 Reference Reference

31–40 0.82 (0.79–0.86) 0.86 (0.82–0.90)

41–50 0.66 (0.63–0.68) 0.72 (0.69–0.76)

51–60 0.51 (0.48–0.53) 0.60 (0.57–0.63)

61+ 0.29 (0.28–0.31) <0.001 0.49 (0.47–0.52) <0.001

Concession beneficiarya,c 0.28 (0.27–0.29) <0.001 0.44 (0.43–0.46) <0.001

Year of initiation

2011–2013 Reference Reference

2014–2016 0.95 (0.92–0.98) 1.04 (1.00–1.08)

2017–2019 0.65 (0.62–0.67) <0.001 0.70 (0.68–0.73) <0.001

Number of comorbiditiesb

0 Reference Reference

1–3 0.41 (0.39–0.42) 0.74 (0.71–0.77)

4–6 0.19 (0.18–0.20) 0.74 (0.69–0.79)

7+ 0.12 (0.11–0.13) <0.001 0.91 (0.81–1.01) <0.001

Antiplatelet therapy 0.30 (0.28–0.32) <0.001 0.65 (0.60–0.71) <0.001

Anticoagulant therapy 0.32 (0.29–0.35) <0.001 0.61 (0.55–0.68) <0.001

Arrhythmias 0.28 (0.24–0.33) <0.001 – –

Hypertension 0.44 (0.42–0.46) <0.001 0.96 (0.91–1.01) 0.093

Congestive heart failure 0.24 (0.21–0.26) <0.001 0.60 (0.53–0.68) <0.001

Ischaemic heart disease/angina 0.29 (0.26–0.32) <0.001 0.73 (0.65–0.83) <0.001

Ischaemic heart disease/hypertension 0.41 (0.39–0.43) <0.001 0.90 (0.85–0.95) <0.001

Depression 0.37 (0.36–0.38) <0.001 0.61 (0.54–0.69) <0.001

Anxiety 0.33 (0.32–0.35) <0.001 0.70 (0.66–0.73) <0.001

Bipolar disorder 0.17 (0.14–0.20) <0.001 0.53 (0.44–0.65) <0.001

Psychotic illness 0.20 (0.19–0.21) <0.001 0.39 (0.37–0.42) <0.001

Alcohol dependency 0.30 (0.25–0.34) <0.001 0.56 (0.47–0.66) <0.001

Epilepsy 0.27 (0.25–0.29) <0.001 0.68 (0.62–0.74) <0.001

Chronic obstructive pulmonary disease 0.45 (0.43–0.47) <0.001 0.87 (0.82–0.92) <0.001

aConcession beneficiaries pay a smaller co-payment than general beneficiaries. Concession beneficiaries consist of people with a Pensioner,

Commonwealth Seniors Card, Health Care Card or Safety Net Card.
bA score of 1 was deducted from the total Rx-Risk score of individuals, because the whole cohort had a medication dispensed for smoking cessation at

baseline.
cMissing n = 1119.
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identify reasons for early discontinuation of varenicline and interven-

tions that may increase treatment retention, particularly after the

completion of the initiation pack.

Our study found that the average age at which individuals were

first dispensed a PBS subsidized smoking cessation treatment in

Australia was �43.5 years. Considering that the average age at which

individuals have their first full cigarette is 16.6 years [2], this may

indicate a reluctance to seek smoking cessation assistance from a

General Practitioner (GP), a lack of perceived need for prescription

medicines to assist in the quitting process or lack of quit support

offered by the GP at routine visits. Coinciding with this notion are

the findings of Watkins et al. who reported that young adult smokers

were less likely to use pharmacotherapy and were more likely to quit

unassisted compared to older adult smokers [26]. However, despite

differences in smoking cessation strategies used, young adults were

just as likely to have successfully quit in the short-term as older

T AB L E 3 Characteristics of people who discontinued treatment after the initiation pack versus those who continued treatment

Discontinued treatment
(n = 37 670)

Continued treatment
(n = 24 697)

Unadjusted OR
(95% CI)d P-value

Sex, male 22 185 (58.9) 14 592 (59.1) 1.01 (0.98–1.04) 0.635

Age, y

18–30 11 737 (31.2) 4988 (20.2) Reference

31–40 9003 (23.9) 5973 (24.2) 1.56 (1.49–1.64)

41–50 7918 (21.0) 5992 (24.3) 1.78 (1.70–1.87)

51–60 5588 (14.8) 4689 (19.0) 1.97 (1.87–2.08)

61+ 3424 (9.1) 3055 (12.4) 2.10 (1.98–2.23) <0.001

Concession beneficiarya,c 13 711 (36.6) 8348 (34.1) 0.90 (0.87–0.93) <0.001

Year of initiation

2011–2013 19 846 (51.7) 13 381 (54.2) Reference

2014–2016 10 442 (27.7) 7069 (28.6) 0.99 (0.95–1.02)

2017–2019 7742 (20.6) 4247 (17.2) 0.80 (0.77–0.83) <0.001

No. of comorbiditiesb

0 16 658 (44.2) 10 873 (44.0) Reference

1–3 16 352 (43.4) 10 410 (42.2) 0.98 (0.94–1.01)

4–6 3716 (9.9) 2639 (10.7) 1.09 (1.03–1.15)

7+ 944 (2.5) 775 (3.1) 1.26 (1.14–1.39) <0.001

Antiplatelet therapy 895 (2.4) 678 (2.8) 1.16 (1.05–1.28) 0.004

Anticoagulant therapy 407 (1.1) 335 (1.4) 1.26 (1.09–1.46) 0.002

Hyperlipidaemia 3745 (9.9) 3190 (12.9) 1.34 (1.28–1.41) <0.001

Hypertension 3529 (9.4) 2852 (11.6) 1.26 (1.20–1.33) <0.001

Congestive heart failure 267 (0.7) 206 (0.8) 1.18 (0.98–1.41) 0.078

Arrhythmia 136 (0.4) 103 (0.4) 1.16 (0.90–1.50) 0.262

Ischaemic heart disease/angina 350 (0.9) 278 (1.1) 1.21 (1.04–1.42) 0.016

Ischaemic heart disease/hypertension 2238 (5.9) 1778 (7.2) 1.23 (1.15–1.31) <0.001

Depression 6636 (17.6) 4257 (17.2) 0.97 (0.93–1.02) 0.223

Anxiety 2740 (7.3) 1612 (6.5) 0.89 (0.84–0.95) <0.001

Bipolar disorder 98 (0.3) 60 (0.2) 0.93 (0.68–1.29) 0.678

Psychotic illness 1263 (3.4) 724 (2.9) 0.87 (0.79–0.96) 0.003

Alcohol dependency 174 (0.5) 96 (0.4) 0.84 (0.66–1.08) 0.174

Epilepsy 680 (1.8) 460 (1.9) 1.03 (0.92–1.16) 0.601

Chronic obstructive pulmonary disease 2352 (6.2) 1652 (6.7) 1.08 (1.01–1.15) 0.027

aConcession beneficiaries pay a smaller co-payment than general beneficiaries. Concession beneficiaries consist of people with a Pensioner,

Commonwealth Seniors Card, Health Care Card or Safety Net Card.
bA score of 1 was deducted from the total Rx-Risk score of individuals, because the whole cohort had a medication dispensed for smoking cessation at

baseline.
cMissing n = 435.
dDiscontinued treatment used as a reference category.
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adults and none of the strategies examined were significantly

associated with successful abstinence for young adults [26]. Our

findings are also in accordance with Clark et al. [27] who found that

the influence of a medical provider and perceived health effects of

smoking were important determinants of readiness to quit in smokers

ages 30 to 49 years. Additionally, although smokers ages 18 to 29

years had attitudes and smoking behaviours most favourable to

being ready to quit, no significant predictors of readiness to quit

were found [27]. Therefore, further research is needed to explore

the avenues, through which smokers attempt quitting in the years

leading up to their first dispensing of a PBS subsidised smoking

cessation medicine in Australia. Moreover, interventions that assist

young adult smokers to achieve long-term abstinence need to be

identified.

T AB L E 4 Characteristics of people who were dispensed an additional 12-week supply

Additional 12-week supply
dispensed (n = 2804)

Additional 12-week supply
not dispensed (n = 21 893)

Unadjusted
OR (95%CI)d

Unadjusted
P-value

Sex, male 1592 (56.8) 13 000 (59.4) 0.90 (0.83–0.97) 0.0083

Age, y

18–30 242 (8.6) 4746 (21.7) Reference

31–40 528 (18.8) 5445 (24.9) 1.90 (1.63–2.22)

41–50 724 (25.8) 5268 (24.1) 2.69 (2.32–2.13)

51–60 751 (26.8) 3938 (18.0) 3.74 (3.22–4.35)

61+ 559 (19.9) 2496 (11.4) 4.39 (3.75–5.14) <0.001

Concession beneficiarya,c 1167 (41.6) 7181 (32.8) 1.49 (1.37–1.61) <0.001

Year of initiation

2011–2013 1329 (47.4) 12 052 (55.1) Reference

2014–2016 833 (29.7) 6236 (28.5) 1.21 (1.11–1.33)

2017–2019 642 (11.4) 3605 (16.5) 1.62 (1.46–1.79) <0.001

No. of comorbiditiesb

0 889 (31.7) 9984 (45.6) Reference

1–3 1215 (43.3) 9195 (42.0) 1.48 (1.36–1.63)

4–6 510 (18.2) 2129 (9.7) 2.69 (2.39–3.03)

7+ 190 (6.8) 585 (2.7) 3.65 (3.06–4.36) <0.001

Antiplatelet therapy 59 (2.1) 276 (1.3) 1.80 (1.48–2.20) <0.001

Anticoagulant therapy 125 (4.5) 553 (2.5) 1.68 (1.27–2.24) <0.001

Hyperlipidaemia 596 (21.3) 2594 (11.8) 2.01 (1.82–2.22) <0.001

Hypertension 565 (20.1) 2287 (10.4) 2.16 (1.95–2.40) <0.001

Congestive heart failure 39 (1.4) 167 (0.8) 1.84 (1.30–2.61) <0.001

Arrhythmia 32 (1.1) 71 (0.3) 3.55 (2.33–5.40) <0.001

Ischaemic heart disease/angina 48 (1.7) 230 (1.1) 1.64 (1.20–2.25) 0.002

Ischaemic heart disease/hypertension 346 (12.3) 1432 (6.5) 2.01 (1.78–2.28) <0.001

Depression 717 (25.6) 3540 (16.2) 1.78 (1.62–1.95) <0.001

Anxiety 270 (9.6) 1342 (6.1) 1.63 (1.42–1.87) <0.001

Bipolar disorder 14 (0.5) 46 (0.2) 2.38 (1.31–4.34) 0.005

Psychotic illness 145 (5.2) 579 (2.6) 2.01 (1.67–2.42) <0.001

Alcohol dependency 24 (0.9) 72 (0.3) 2.62 (1.65–4.16) <0.001

Epilepsy 88 (3.1) 372 (1.7) 1.87 (1.48–2.37) <0.001

Chronic obstructive pulmonary

disease

285 (10.2) 1367 (6.2) 1.70 (1.49–1.94) <0.001

aConcession beneficiaries pay a smaller co-payment than general beneficiaries. Concession beneficiaries consist of people with a Pensioner,

Commonwealth Seniors Card, Health Care Card or Safety Net Card.
bA score of 1 was deducted from the total Rx-Risk score of individuals, because the whole cohort had a medication dispensed for smoking cessation at

baseline.
cMissing n = 203.
dAdditional 12-week supply not dispensed used as reference.
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Our findings are consistent with a British study that analysed pri-

mary care databases containing records from over 500 general prac-

tices, which found that in 2011 varenicline prescriptions were less

likely among older individuals and those with mental health condi-

tions, epilepsy, atrial fibrillation and hypertension [28]. This may be

the impact of safety warnings issued by the FDA as a recent study

indicates a significant decrease in varenicline use in the years follow-

ing the 2008 public health advisory [29]. Similar studies have also

noted a significant decrease in varenicline use after the FDA man-

dated BBW in 2009 [8]. Moreover, a study reported that the average

predicted probability of cardiovascular disease among US Medicare

beneficiaries filling varenicline prescriptions decreased by 31% from

2007 to 2012 [9]. Although recent data suggests that the use of var-

enicline increased following the publication of the EAGLES study,

which showed no increased risk of neuropsychiatric or cardiovascular

adverse events in patients treated with varenicline relative to NRT,

further research is needed to evaluate the lower likelihood of var-

enicline dispensing among smokers with certain comorbidities found

in our study [14, 16, 29, 30]. Future studies may also need to consider

evaluating the perceptions of varenicline among prescribers and

patients to identify potential barriers for its use.

Several studies have found that compared to men, women are

less successful in quitting smoking and have more difficulty in sustain-

ing abstinence [31, 32]. Augmenting the sex disparity in quitting are

findings that suggest differential efficacy of smoking cessation medi-

cines across women and men. Current data suggests that women may

be less responsive to NRT and findings for sex differences in

bupropion efficacy have been mixed [33, 34]. However, results of a

recent meta-analysis of varenicline found significantly higher 7-day

point prevalence abstinence rates in women compared to men at the

end of treatment and similar rates of abstinence at 1 year [35]. There-

fore, further research may be needed to explore the reasons for sex

disparities in the dispensing of varenicline among first time users of

PBS subsidised smoking cessation medicines in Australia.

These results, however, should be interpreted with caution

because of the availability of NRT without a prescription in Australia

[21]. The cost of a full 12-week course of nicotine 14mg/24 hour pat-

ches, if purchased OTC, is currently AUD 174.45, whereas the sub-

sidised cost under the PBS is AUD 123.90 for general beneficiaries

and AUD 19.80 for concession beneficiaries [36]. Given that the use

of prescription medicine is highly sensitive to out-of-pocket costs, the

larger cost differential for concession beneficiaries may explain their

over-representation in those dispensed NRT in our dataset [37].

These individuals may also have a higher incidence of chronic condi-

tions because they represent a population with higher healthcare use.

Nonetheless, this analysis aimed to evaluate the initial treatment deci-

sions for patients who consulted physicians about smoking cessation

pharmacotherapies in Australia. As a result, smokers who purchased

NRT without a prescription may not be representative of patients

who seek physician advice for smoking cessation and are therefore,

unlikely to be an appropriate control group for patients dispensed var-

enicline through the PBS. However, further research is needed to con-

firm our findings.

In the Comprehensive Medication Program and Support Services

(COMPASS) trial, more than half the participants who reported good

adherence to varenicline (≥80% of the prescribed regimen) were absti-

nent at 6 months compared with 25.4% who reported poor adherence

[7]. Premature discontinuation of varenicline treatment continues to

be a challenge [6, 38]. Findings of the International Tobacco Control

(ITC) Four-Country Survey waves 5 and 6 showed that of those who

reported using varenicline for quit attempts in the previous year,

59.6% discontinued treatment prematurely, which is similar to that

found in our study [38]. The most commonly cited reasons for treat-

ment discontinuation were side effects from the medication, reported

by over a third of those who used varenicline or bupropion, belief that

the medication was no longer needed and relapse back to smoking

[38]. We found that 3.7% of those who discontinued treatment after

the initiation pack switched to NRT or bupropion within 12months of

the index varenicline dispensing. This may be because this small group

of smokers may have experienced adverse events from varenicline

use and therefore, switched smoking cessation pharmacotherapy or it

may also be the result of a change in quit strategy across multiple quit

attempts. However, further research is needed to determine the rea-

sons for premature discontinuation of varenicline in Australia.

Our findings showed that cardiovascular conditions and COPD

were less prevalent in those who discontinued treatment, which may

be because of a higher level of perceived vulnerability in these individ-

uals and therefore, a stronger motivation to quit. Conversely, anxiety

and psychotic illnesses were more prevalent in those who discon-

tinued treatment. This may be because withdrawal symptoms and

cravings may be more severe in these groups of smokers, because of

their higher level of nicotine dependence [39]. Additional smoking

cessation support to such smokers may increase their likelihood of

subsequent prescription refills and ensure that any barriers to quitting

are identified and addressed. Using a combination of acute-dose NRT

(such as nicotine lozenges) with varenicline may help such smokers to

better manage their cravings and withdrawal symptoms, which are

particularly common in the first 4 weeks of treatment [40, 41].

The results of our sensitivity analyses indicated that of the people

dispensed varenicline; only 4.5% completed 12 weeks of treatment

and were likely to have achieved abstinence, which is lower than pre-

viously reported [5]. Our results were likely to have underestimated

the proportion of people completing 12 weeks of varenicline treat-

ment and who achieved abstinence. It may be possible that some indi-

viduals who completed the first 12-week course were not dispensed

an additional supply because of a perceived lack of need by the pre-

scriber or the individual, if abstinence had already been achieved with

the initial course of treatment. It is also likely that some individuals

did complete the initial 12-week course, but did not achieve absti-

nence and therefore, did not qualify for the subsidised additional sup-

ply. In a retrospective, claims-based study of Medicare beneficiaries in

the United States, 15% of beneficiaries were reported to be adherent

(≥80% of the prescribed regimen) to the 12-week regimen [5]. Adher-

ence in this study was measured using the proportion of days cov-

ered, whereas our study relied on the dispensing of an additional

12-week supply as marker for the completion of the initial course of
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treatment. Therefore, further research is needed to confirm our

findings.

Strengths and limitations

We analysed a large, nationally representative random sample of

Australia’s PBS beneficiaries. The sampling methodology of the 10%

PBS dataset has been confirmed by the Australian Bureau of Statis-

tics, which increases the generalisability of our findings. Therefore,

our results have implications for countries that provide universal

access to subsidised prescription medications for smoking cessation.

By restricting our cohort to the first dispensing of a smoking cessation

medicine, we were able to ascertain the demographic and clinical fac-

tors associated with dispensing varenicline, whereas excluding the

influence of previous experiences with a particular medication

(e.g. side effects and impact on the type of medication dispensed

subsequently).

However, as is typical of medication claims-based research, we

were unable to ascertain whether individuals actually used the dis-

pensed medication as intended. All available variables were included

as covariates in our analyses. We could not examine the impact of

other sociodemographic factors (such as the level of educational

attainment or annual household income) and tobacco use behaviours

(such as the level of nicotine dependence or the number of cigarettes

per day) on adherence to treatment, because these data were not

captured in the PBS dataset. Further research is needed to evaluate

the impact of unmeasured variables on the use of smoking cessation

medications. In Australia, NRT is also available through supermarkets

and OTC, and some forms of NRT are not subsidised by the PBS,

which may have had an impact on our results. Although the cost of

OTC NRT products is considerably higher than subsidised through

the PBS, some people may wish to buy NRT OTC for convenience

and/or avoid having discussions about their smoking with their GP or

pharmacist. Therefore, a limitation of our study is that it underesti-

mates the use of NRT in Australia because it does not capture the

use of OTC NRT products. Use of other non-evidence-based forms

of smoking cessation treatment (e.g. acupuncture, hypnotherapy)

were also not captured. We were also unable to determine the geo-

graphical patterns of varenicline dispensing within Australia because

this information was not available. Further research is needed in

this area.

Additionally, we were unable to determine whether individuals

discontinued varenicline because of successful smoking cessation

(during or after the initiation pack or after the initial 12-week course),

adverse events or primary non-adherence [42]. The PBS dataset does

not contain details of the counselling support (if any) received by

patients undergoing varenicline treatment. Therefore, in instances

where the continuation packs were not dispensed, we were unable to

ascertain whether this was because subsidy criteria were not met

(i.e. if they did not undergo concurrent counselling during treatment

with the initiation pack) or because a prescription had been issued,

but not dispensed. Our results were also likely to underestimate the

proportion of people who completed 12 weeks of varenicline and/or

achieved abstinence because of the lack of data on smoking status.

Further research is needed to evaluate the reasons for premature dis-

continuation of varenicline treatment and to corroborate our findings.

We were also unable to evaluate the association between different

care settings or prescriber speciality and treatment retention. Future

research could compare and contrast abstinence outcomes, adherence

rates and factors associated with treatment discontinuation among

smokers who are initiated on varenicline by GPs compared with hos-

pital specialists.

CONCLUSION

Varenicline was the most commonly dispensed medication among

first-time users of PBS subsidised smoking cessation pharmacother-

apy in Australia. Varenicline dispensing compared with NRT or

bupropion was less likely among older individuals and those with anxi-

ety, depression, bipolar disorder, psychotic illnesses, alcohol depen-

dency, CHF and COPD. Approximately 60% of those dispensed

varenicline discontinued treatment after the initiation pack and <5%

completed the initial 12-week course and were likely to have achieved

abstinence. The prevalence of anxiety and psychotic illnesses was

higher among those who discontinued treatment compared with

those who continued treatment after the initiation pack.
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