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Abstract

Introduction: In Australia, the available published literature demonstrated a

spike in dispensed prescription medicines after the onset of the COVID-19 pan-

demic that subsequently returned to expected levels. Smoking cessation medicines

may not follow this pattern because quit attempts are influenced by a range of fac-

tors. Knowledge of whether dispensing of these medicines has changed since the

pandemic is lacking. We explored the change in dispensing of publicly subsidised

smoking cessation medicines since the pandemic.

Methods: Australia’s universal health-care system provides access to

government-subsidised medicines via the Pharmaceutical Benefits Scheme and

records of dispensed medicines are publicly available on a nationally aggregated

level. We retrieved Pharmaceutical Benefits Scheme data from January 2016 to

January 2021. We used interrupted time series modelling to quantify the impact

of COVID-19 on dispensing of nicotine replacement therapy (NRT) patches, vare-

nicline and all smoking cessation treatments combined separately.

Results: After an initial spike in medicines at the onset of the pandemic, the

monthly rate of prescriptions dispensed for varenicline was predominantly within

predicted ranges, while that of NRT patches was predominantly below predicted

ranges.

Discussion and Conclusions: There has been a differential change in the num-

ber of subsidised smoking cessation medicines supplied in Australia since the

COVID-19 pandemic, with varenicline prescriptions largely within, and NRT

patches largely lower than, expected ranges. The reasons for the apparent change

in dispensing of subsidised smoking cessation medicines are unclear.
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1 | INTRODUCTION

The COVID-19 pandemic severely disrupted non-
communicable disease prevention and treatment ser-
vices [1] and created an unprecedented public health
challenge [2]. The first confirmed case of COVID-19 in
Australia occurred on 25 January 2020 [3] and large-
scale changes to daily life (e.g., social distancing, work-
from-home arrangements) were implemented by late
March 2020. The COVID-19 pandemic also had an
impact on the provision of medical services [4]. A range
of policies were implemented at that time to protect
Australian supplies of publicly subsidised prescription
medicines after increased demand, indicative of panic
buying, caused concern about potential medication
shortages [5]. In the available published analyses, the
total number of dispensed medicines, the 10 most com-
monly dispensed medicines and dispensed diabetes
medicines experienced a temporary spike in March 2020
that returned to levels expected based on previous years’
growth by June 2020 [4, 6, 7].

The use of subsidised smoking cessation medicines
subsequent to COVID-19 may not follow the same pat-
tern because the patient population is individuals who
smoke and are motivated to make a quit attempt. Fur-
thermore, quit attempts are influenced by a range of
internal and external factors including concerns about
the health impacts of smoking, advice from medical pro-
fessionals, affordability of tobacco products and anti-
smoking mass media advertising [8].

In Australia, subsidised prescription medicines are
funded by the federal government and can be prescribed
by approved healthcare providers across the country. By
extension, evidence-based smoking cessation treatments
(SCT) are also available nationally in the form of publicly
subsidised prescription smoking cessation medicines.
However, Australia lacks a multi-sectoral national tobacco
dependence treatment strategy [9]. Quitlines, the principal
means of providing behavioural counselling, are funded
by individual states and territories, with variations in the
services offered [9].

Some information on the impact of COVID-19 on
smoking cessation behaviour in Australia is available.
In the Australian component of the International
Tobacco Control Four Country and Vaping Survey,
respondents interviewed between April and June 2020
reported that, because of COVID-19, 37.6% had thought
about quitting and 9.3% tried to quit or reduce their
smoking [10]. However, whether use of subsidised SCT
changed since the advent of the pandemic is unknown.
Understanding changes in dispensing of prescription
smoking cessation medicines during the pandemic is
critical as this will help to plan for the provision of

appropriate care to treatment-seeking smokers and indi-
cate possible proactive actions to take in the face of
future similar events.

We aimed to explore and document the change in
subsidised smoking cessation medicines dispensed since
the emergence of the COVID-19 pandemic.

2 | METHODS

2.1 | Study design

This interrupted time series study used publicly available
population-based administrative healthcare data. Because
the data are publicly available and aggregated, ethics
approval was not required.

2.2 | Study population

As part of Australia’s universal health-care system, indi-
viduals have access to government-subsidised medicines
via the Pharmaceutical Benefits Scheme (PBS) and the
Repatriation Pharmaceutical Benefits Scheme (RPBS)
[11]. RPBS benefits are available to veterans and eligible
dependents. Hereafter, and for simplicity, PBS medi-
cines will refer to those subsidised by the PBS or RPBS.
Patients pay a co-payment towards the cost of each PBS
medicine with a lower co-payment required for those
eligible for a concession (e.g., people in a variety of cir-
cumstances such as those receiving income support pay-
ments from the government) [12].

Three PBS-subsidised smoking cessation medicines
are available: bupropion, varenicline and some forms
of nicotine replacement therapy (NRT) when pre-
scribed by medical practitioners and nurse practi-
tioners in community settings. There are separate
arrangements for PBS prescriptions in certain public
hospitals for discharged or non-admitted patients [13].
Prescriptions provided to a patient must be presented
to an approved supplier, mainly pharmacists, who dis-
pense the medicine, collect a co-payment from the
patient (if appropriate) and submit the supply record
to the PBS system [14, 15].

2.3 | Data source and study sample

Records of the number of all dispensed PBS medicines
(including those subsidised via the RPBS) are collected
and are publicly available on an aggregated national level
by month of supply [16]. Medicines are coded by PBS item
codes [17]. We retrieved and combined PBS supply reports
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for the period from January 2016 to January 2021 for
all PBS item codes corresponding to Anatomical Thera-
peutic Chemical codes for nicotine dependence treat-
ments (N07BA) [18] and all patient beneficiary
categories. This study focuses on NRT patches and var-
enicline because bupropion accounts for less than 1%
of smoking cessation medicine prescriptions dispensed
[19, 20] and NRT gum and lozenges were first dis-
pensed via the PBS in February 2019. Twelve PBS codes
for NRT patches were collapsed to a single group. Simi-
larly, three PBS codes for varenicline (initiation, con-
tinuation and completion packs) were collapsed to
form a single group. Finally, all nicotine dependence
treatments (NRT patches, NRT gum and lozenges, var-
enicline and bupropion) were combined and are
referred to as the group of all SCT.

The estimated resident population of Australia was
sourced from the Australian Bureau of Statistics [21].
Data were available quarterly therefore linear interpola-
tion was used to estimate the population for inter-quarter
months. Using the number of prescriptions dispensed
each month, and the number of residents for each
month, the rate of prescriptions dispensed per 100,000
population was estimated. Thus, the study sample is com-
prised of the observed rate of all PBS dispensed SCT in
Australia for the study period.

2.4 | Statistical analysis

We quantified the impact of COVID-19 on dispensing of
NRT patches, varenicline and all SCT separately using
univariate interrupted time series modelling. We ana-
lysed observed data (i.e., observed rates of dispensed
medicines per 100,000 population) from January 2016 to
December 2019. Multiplicative and additive Holt-
Winters models, which includes smoothing for both
trend and seasonality, were performed and compared
for fit using root mean square error and the mean abso-
lute percentage error (MAPE). In all models, the multi-
plicative and additive models were not significantly
different in fit. We sought to provide an estimate of the
rate of prescriptions dispensed, by month, we would
have expected from January 2020 to January 2021 based
on the rates and trends observed over the previous
4 years. Therefore, we forecasted the monthly rate of
prescriptions dispensed between January 2020 and
January 2021 with 95% confidence intervals. Observed
and forecasted data were then compared with values
lying outside the 95% confidence interval taken to be
significantly different.

All data analyses were conducted using Stata statisti-
cal software [22].

3 | RESULTS

For all models, the MAPE was 3.2% or less suggesting
that the time series models were a good fit for the
observed rate. The model for NRT patches had the best
fit; the mean absolute percent error between the pre-
COVID rate predicted by the model and the actual rate
was 2.5%. For varenicline, the MAPE was 3.2% and for all
SCT, the MAPE was 2.6%.

The time series pattern of NRT patches and vareni-
cline were visually similar (i.e., roughly proportional),
excepting December each year. The observed rate of PBS-
subsidised smoking cessation medicines dispensed in
March 2020 were statistically significantly greater than
predicted. NRT patches, varenicline and all SCT declined
precipitously in April 2020, but the observed rate of pre-
scriptions dispensed was not statistically significantly
lower than predicted for varenicline (Figure 1, Table 1).
Thereafter, the rate of varenicline prescriptions dispensed
was statistically significantly lower than predicted in
May, June and August 2020, but was within predicted
ranges in July 2020 and from August 2020 to January
2021 inclusive. In contrast, the observed rate of PBS-
subsidised NRT patch prescriptions dispensed remained
statistically significantly below predicted levels for 8 of
the 10 subsequent months. The number of observed pre-
scriptions and predicted prescriptions, along with 95%
confidence intervals, are presented in Table 1.

4 | DISCUSSION

In this ecological study, we assessed the observed versus
predicted dispensing of subsidised NRT patches, vareni-
cline and all SCT after the onset of the COVID-19 pan-
demic. After an initial spike observed across all groups at
the onset of the pandemic, the rate of prescriptions dis-
pensed for NRT patches was predominantly below pre-
dicted ranges, while the rate of prescriptions dispensed
for varenicline, and all SCT, was predominantly within
predicted ranges. The peak in prescription smoking ces-
sation medicines dispensed in March 2020 is in line with
that observed for other medicines [4, 6, 7]. For vareni-
cline and all SCT, as was observed for other medicines,
the peak was followed by dispensing that returned to nor-
mal ranges over the subsequent months. For NRT
patches, however, our analyses show a persistent
decrease in dispensed use.

Owing to the nature of the aggregated publicly avail-
able data upon which our analyses are based, what the
decrease represents is not certain. PBS data refer to
instances of dispensed medicines and not treatment epi-
sodes or individuals. In the case of smoking cessation
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medicines, each prescription dispensed represents only
part of a full treatment episode. For example, NRT
patches are most commonly dispensed in boxes of
28 (a 4-week supply) and, with repeats, patients may
receive up to 12 weeks of PBS-subsidised NRT per
12-month period. The initial spike observed in March
2020 may reflect people who already held prescriptions
filling their repeats early. This explanation aligns with

the policies implemented at that time to protect
Australian pharmaceutical supplies from shortages due
to panic buying. If this explanation is true, then the ini-
tial spike need not reflect any change in the rate of treat-
ment episodes. Similarly, observed decreases in the rate
of NRT patches dispensed could reflect a change in new
prescriptions dispensed or a change in repeat prescrip-
tions dispensed. Either of these possible explanations

F I GURE 1 Rate of pharmaceutical benefits scheme-subsidised nicotine replacement therapy patch, varenicline and all smoking

cessation treatment prescriptions per 100,000 population dispensed in Australia. CI, confidence interval. (A) Actual and modelled,

2016–2019; actual and predicted, January 2020–January 2021. (B) Actual and modelled, 2019; actual and predicted (with 95% confidence

intervals), January 2020–January 2021.
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(decreased new prescriptions dispensed or decreased
repeat prescriptions dispensed) are potentially concern-
ing if viewed in isolation.

However, they ought not to be viewed in isolation
because individuals may have shifted from one subsidised
smoking cessation medicine to another, or continued to
use NRT patches, or indeed other cessation supports, out-
side the PBS subsidised system. To understand how these
two possibilities would be visible in the PBS data, it is
important to highlight the cost structure of PBS services
from the patients’ perspective and the availability of over-
the-counter medicines.

In Australia, under the PBS, patient contributions
(i.e., co-payments) to the costs of medicines are con-
trolled and are the same for all medicines but do vary by
patient category. Concession patients are those eligible
for a discounted co-payment while general patients
receive no discount [12]. In 2021, for example, the maxi-
mum cost for a prescription medicine was AU$6.60 for
concession patients and AU$41.30 for general patients.
NRT patches can be obtained by prescription, which
would be recorded in the PBS data, or purchased over the
counter, which would not be recorded in the PBS data.
Furthermore, the cost of NRT patches at discount phar-
macies is only marginally higher than the PBS co-
payment for general patients. The savings realised by
using PBS-subsidised NRT patches, which also includes
the inconvenience of (and in some cases a co-payment
for) a medical consult, instead of retail NRT patches may
not be a strong incentive for many general patients. It is
concession patients, however, who receive the bulk of
PBS-subsidised NRT patches (i.e., since 2016, patches
were dispensed to concession patients at 3–4 times the
rate of general patients) [16]. Varenicline (and bupropion)
can only be obtained by prescription and therefore are fully
captured in the PBS data. Thus, it is possible that the
observed decrease in NRT patches reflect a decrease in use
of NRT patches overall, a decrease in dispensing of subsi-
dised NRT patches, or a shift to another SCT. The observed
rebound in dispensing of all SCT could support this last pos-
sibility. Unfortunately, the publicly available PBS data,
being aggregated, do not shed light on individuals shifting
treatment. And sales data from pharmaceutical manufac-
turers is not freely and publicly available to determine if
NRT patch sales have changed. Lastly, it must be acknowl-
edged that greater numbers of individuals may have tried
vaping as a cessation aid or opted for other quit smoking
strategies. These too would not be captured in the PBS data.

In order to fully examine these possibilities, other
sources of data are needed. Researchers can access the
existing pharmaceutical sales data at a cost, but these
data are ecological. To examine shifts in individual-level
trajectories of SCTs, individual-level data is needed. PBS

data do exist at the individual patient level though only
limited individual characteristics are available (e.g., age,
gender, area of residence) and access does incur a cost.
Individual-level survey data with rich measures of quit
behaviours, linked to individual-level PBS data, are the
ideal means by which to answer these research questions.

Understanding how societal disruptions, such as
the current COVID-19 pandemic and future pan-
demics, may be associated with changes in the use of
smoking cessation services is important because for
Australians who smoke and are motivated to quit in
the age of COVID-19, new strategies may be needed to
connect them with evidence-based subsidised quit
smoking support. For example, if the requirement to
access a general practitioner or nurse practitioner is a
barrier to accessing SCT, providing access via pharma-
cies (with referral to counselling), or access via Qui-
tlines themselves, would remove many barriers [9].
Only one Australian Quitline (Queensland) provides
pharmacotherapy (NRT) directly to clients. However,
this service is limited to those who meet narrow eligi-
bility criteria, such as pregnant women or Aboriginal
and Torres Strait Islander peoples [23]. While public
health responses to pandemics predictably focus on
immediate and obvious consequences, less obvious
components of pandemic planning are also needed
such as interventions optimised to support those indi-
viduals making quit attempts [24].

4.1 | Limitations

This study has some limitations. First, PBS data do not
capture prescription smoking cessation medicines sup-
plied in hospitals, but this is likely to be small compared
to community use. Second, PBS data do not capture dis-
pensings of medicines by Remote Area Aboriginal
Health Services. Third, the publicly available PBS supply
data is aggregated by month and reported nationally
and thus we are not able to describe state-specific
nuances from these data, nor describe patterns in terms
of age or sex. Our findings therefore refer to ecological
level associations. We do not have individual-level data
and do not incorporate measures such as smoking his-
tory or comorbidities that might confound an apparent
individual-level association.

5 | CONCLUSIONS

There has been a differential change in the rate of subsi-
dised quit-smoking medicines supplied in Australia since
the onset of the COVID-19 pandemic, with varenicline
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and all SCT prescriptions dispensed largely within, and
NRT patches largely lower than, expected ranges. The
reasons for this are unclear. Further research should use
individual-level longitudinal PBS data, combined with
survey data, to explore the impact of pandemic disrup-
tions on smoking cessation trajectories and determine if
targeted interventions are needed.
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