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Introduction: The prevalence of smoking worldwide is reflected in many serious health problems.
Several drugs are available at the community pharmacy to help smokers achieve abstinence.
Objectives: The present work performed an exploratory retrospective time-trend analysis of
sales of three medicines approved by Portuguese health authorities for smoking cessation: nico-
tine, varenicline, and bupropion in Portuguese community pharmacies from 2010 to 2020.
Methodology: Drug sales data from pharmacies across continental Portugal were provided by
the Portuguese National Authority for Medicines and Health Products INFARMED) and ana-
lyzed descriptively. An interrupted time-series analysis using segmented least-squares multiple
regression was conducted on annual sales of medicines. A Person correlation between varenicline
sales and medical consultations was evaluated.

Results: Nicotine, available over the counter, is the preferred pharmacotherapy, and varenicline
was the second choice. January tended to be the month with the most sales. Bupropion sales re-
vealed marginal figures. Varenicline showed a sharp increase in sales after 2017, driven by reim-
bursement from the national healthcare system. There was a statistically significant correlation
between the number of medical consultations and varenicline sales. The segmented regression
model demonstrated a robust fit, showing that the intervention year of 2017 was noticed across
the three medicines. There was a sharp decrease in sales of prescription varenicline from 2019 to
2020, likely due to reduced access to medical appointments during the COVID-19 pandemic.
Conclusion: Sales of medication for smoking cessation reveal seasonal patterns, and drug co-
payment from health systems increases interest in smoking cessation medication.
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Introducio: A prevaléncia do tabagismo em todo o mundo reflete-se em graves problemas de sa-
ude. Varios medicamentos estdo disponiveis nas farmécias comunitarias para cessacao tabagica.
Objetivos: O presente trabalho realizou uma analise temporal (2010-2020) das vendas de trés
medicamentos aprovados pelas autoridades de satide portuguesas para o tratamento do taba-
gismo — nicotina, vareniclina e bupropiona — nas farmacias comunitérias portuguesas.
Metodologia: Os dados de vendas de medicamentos em farmécias de Portugal Continental fo-
ram fornecidos pela Autoridade Nacional do Medicamento (INFARMED) e analisados de forma
descritiva. Uma analise de séries temporais interrompidas, por meio de regressdo multipla, foi
realizada para as vendas anuais. Foi avaliada uma correlagio de Pearson entre as vendas de vare-
niclina e as consultas médicas.

Resultados: A nicotina, disponivel sem receita médica, é a farmacoterapia preferencial, sendo a
vareniclina a segunda opgao. Janeiro é, tendencialmente, o0 més com mais vendas. As vendas de
bupropiona foram marginais. A vareniclina apresentou um aumento acentuado nas vendas apds
2017, impulsionado pela comparticipa¢io do sistema de satide. Verificou-se uma correlagio esta-
tisticamente significativa entre o nimero de consultas médicas e as vendas de vareniclina. O mo-
delo de regressao segmentada provou que o ano de intervencao de 2017 foi observado em todos
os medicamentos. A queda acentuada nas vendas de vareniclina de 2019 para 2020 provavel-
mente deveu-se a0 menor acesso a consultas médicas durante a pandemia de COVID-19.
Conclusdes: As vendas de medicamentos para a cessagao tabdgica revelam padroes sazonais, e
o copagamento de medicamentos pelos sistemas de saide aumenta o interesse em deixar de fu-

mar.
Este artigo esté licenciado sob os ter-

mos da Licenca Internacional Crea-
tive Commons Nao Comercial 4.0.

Introduction

In the modern world, tobacco usage is one of the primary
causes of premature death, reaching 7 million deaths annu-
ally, of which 1,2 million deaths correspond to second-hand
smoke.! The most common way of tobacco consumption
comes in the form of cigarette smoking, but other products,
such as smokeless products, waterpipe tobacco, cigars,
bidis, and kreteks, also contribute to worse health condi-
tions.!

The European Commission conducted a survey aimed at
understanding Europeans' attitudes toward tobacco and
other nicotine products.2 Concerning traditional tobacco
products, 21% of Portuguese participants were smokers,
meanwhile, 15% were former smokers, and 64% never
smoked. In the European Union (EU) plus the United King-
dom, 23% were smokers and 22% of people were former
smokers. Furthermore, it was also demonstrated that in
Portugal and the EU, men displayed a higher prevalence of
smoking, with 27% and 26% respectively, when compared
to women, which was 21% in the EU and 16% in Portugal.
The age interval with the most prevalent smokers was be-
tween 25 and 39 years old in both Portugal and the EU.2
The overall consumption of nicotine products was also
studied, with 20% of Portuguese participants being daily
consumers, meanwhile in the EU that rate was 23%.3

The prevalence of smoking worldwide is reflected in many
serious health problems, so it is extremely important to
find new strategies and therapies that can help smokers
achieve abstinence and prevent others from starting to
smoke. One of the main issues with tobacco products is
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nicotine dependence. Nicotine is known to be as addictive
as other drugs such as heroin and cocaine. It causes long-
term dependence, and even patients who suffer from seri-
ous health conditions related to smoking often resume
smoking after reaching abstinence for a set period.3

Several pharmacotherapies were approved to aid in smok-
ing cessation. Nicotine replacement therapy (NRT), vare-
nicline, bupropion, and cytisinicline (also known as
cytisine) are the main four drugs recommended for treat-
ment options by World Health Organization for smoking
cessation in adults.4 A study evaluated the safety and effi-
cacy of nicotine, varenicline, and bupropion on individuals
with and without psychiatric disorders and concluded that
neither bupropion nor varenicline significantly increased
the chances of manifestation of moderate or severe adverse
effects. The study also concluded that varenicline was the
most efficient alternative to quitting smoking when com-
pared to the other choices.5

In Portugal, there are four drugs approved by the medi-
cines national authority for smoking cessation, namely,
nicotine, varenicline, bupropion, and, more recently, since
2021, cytisinicline.6 Nicotine is available as an over-the-
counter medicine, meanwhile, varenicline and bupropion
require a medical prescription to be sold. Nicotine formu-
lations are available in tablets, gums, oral spray solution,
and transdermal patches. On the other hand, varenicline
and bupropion are available only as tablets. Nicotine is re-
sponsible for tobacco dependence, acting as an agonist of
nicotinic cholinergic receptors, thus being used to reduce
the craving and abstinence symptoms.” Varenicline is a
partial agonist to a4f2 nicotinic acetylcholine receptors



and has high compatibility for a6pf2-nAChRs.8 This medi-
cine was reimbursed at 37% by the SNS in January 2017,
although it was available on the market without reimburse-
ment prior to that date.9 Bupropion was developed as an
antidepressant that blocked the reuptake of dopamine and
noradrenaline, and has proven useful in smoking cessation
by blocking dopamine reuptake in the mesolimbic dopa-
mine system, which is responsible for modulating rewards
obtained from nicotine use 2. Moreover, bupropion also in-
hibits various nicotinic acetylcholine receptors.°

This article aims to explore the time-trend analysis of sales
of three medicines approved by the data regarding the
trending sales of three anti-smoking drugs, nicotine, vare-
nicline, and bupropion in Continental Portugal between
2010 and 2020.

Methodology

This paper conducted a retrospective, exploratory time-
trend analysis of sales for three medicines (Nicotine, Vare-
nicline, and Bupropion). Sales data for medicines sold in
pharmacies across continental Portugal were provided by
the Medicines and Health Products Information Center
(CIMI) of the Portuguese National Authority for Medicines
and Health Products (INFARMED). Data are presented in
the number of packages of the three smoking cessation
medicines, Nicotine, Varenicline, and Bupropion, ap-
proved by authorities at the time and sold in local pharma-
cies of Continental Portugal from January 2010 through
December 31, 2020. Also, data was organized by yearly
units and monthly units sold. Units sold in the administra-
tive autonomic regions of Azores and Madeira were not in-
cluded. Also, this analysis does not include medicines
provided in a hospital environment. Nicotine, unlike the
other two drugs, is available as an over-the-counter medi-
cine and is sold at local points for non-prescription medi-
cine sales, such as supermarkets. Sales from these points
are not included in our data, as they were not provided by
CIMI INFARMED. Regarding bupropion, only one medi-
cine has been approved in Portugal for smoking cessation,
but this drug can be prescribed both as an antidepressant
and an anti-smoking medicine. Since the data provided
only the number of packages sold, not individual units, it
was not possible to estimate the defined daily dose and nor-
malize it to the population size.

Data regarding the number of medical consultations in lo-
cal health units and hospitals in continental Portugal were
obtained from the National Health Ministry (Ministério da
Saide, Diregao-geral da Satde). These figures only include
medical appointments performed at the National Health
Service and do not include those made in private clinics or
hospitals. Data were compiled in Microsoft Excel, and sta-
tistical analysis and graphs were generated in GraphPad
Prism 11 (CA, USA). A multiple regression analysis using
the least-squares method for the interrupted time-series
analysis was conducted, with further details provided in the
text and Figure 1 legend. A Pearson correlation was used to
examine the association between varenicline sales and
medical consultations. The Pearson correlation matrix

evaluated the immediate association (LAG 0) alongside po-
tential delayed responses, with medical consultations fol-
lowing sales trends up to 2 years (LAG 1, for one-year post-
intervention, and LAG 2, for two years post-intervention).
The threshold for statistical significance was set at p < 0.05.

Results

Monthly and Yearly Sales of Nicotine, Varenicline, and
Bupropion

The monthly sales of nicotine medicines are shown in Table
1. Notably, every year except 2015 saw January as the
month with the highest unit sales.

In January 2016, 17370 units were sold, representing not
only the peak sales value for nicotine but also the highest
across the board. Conversely, 2015 experienced a decline in
sales, with February registering only 4918 units — the low-
est figure for that year and overall. January consistently
proved to be the most productive month for sales, except in
2015, when October achieved the highest sales volume with
7285 units sold, compared to January 2015’s 5998 units.
Regarding yearly nicotine sales, 2012 was the year with the
highest number, with 124834 units sold, accounting for
10,9% of total sales over the ten years analyzed. In contrast,
2014 and 2015 had the lowest sales, with 75428 and 68956
units sold, respectively. Another important detail concerns
the year 2020, which recorded the second-highest number
of units sold at 120888, representing 10.6% of total sales.

Table 1 -Absolute frequency of monthly sales of nicotine packages
in Continental Portugal (2010-2020).

2010|2011 2012|2013 2014|2015/ 2016 | 2017 | 2018 |2019 [2020

Jan (10022|10639(13481[12632(10218|5998(17370(12209 (15516 |13422(14735
Feb | 8722 | 8544 (133498888 7201 (4918 (10050| 9723 {10870[10100(11542
Mar |10017| 9036 |12598(8478 | 6225|5576 | 9149 (10174 | 9593 [ 9320 [12594
Apr |8986 | 7810 [9400 | 8728 | 5992 |5250| 7342 | 8077 | 9235 | 9303 | 8831
May | 8953 | 8435 [10954| 7655 | 6610 |5254| 7974 10435 8821 | 9923 | 9289
Jun | 8641 | 7504 | 8589 | 6511 | 5551 [5392| 7130 | 8269 | 8584 | 8310 |9063
Jul | 9272|7033 | 8927 | 7187 | 5725 |5560| 7441 | 8205 | 9714 | 9256 | 9512
Aug | 9703 [ 8266 | 8509 [ 6789 | 5237 [5554 | 7536 | 8205 | 8219 | 9207 | 8188
Sep [9660 | 7533 | 9525 | 7881 | 5860|6197 8307 | 9271 | 9043 |10214 (9887
Oct | 9242 | 7609 |12019(8860 | 6439 [7285| 8241 [10490(10303[10224| 9181
Nov | 9489 | 7084 | 9360 | 7191 | 4969 (6050| 7654 {10776|9024 | 9514 (8968
Dec | 8867 | 6513 | 8123 [ 6856 | 5401 |5922| 7182 (10442| 7933 | 8991 |9098

Table 2 discriminates the monthly sales of varenicline in
Continental Portugal. The results showed an increase in
sales from 2017 to 2020. January was the month with the
highest sales, except for 2017. Furthermore, January 2019
registered the highest number of varenicline sales across
the board. December 2014 registered the lowest sales vol-
ume for that year, and overall, with only 1882 units sold. In
2020, despite contributing 10,10% of total varenicline
sales, from April onwards sales decreased by half or more
compared to January, February, and March 2020.
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Table 2 -Absolute frequency of monthly sales of varenicline pack-
ages in Continental Portugal (2010-2020).

2010 |2011|2012|2013 (2014 |2015|2016 | 2017|2018 2019|2020

Jan | 3251 | 3786 | 3041 | 3431 | 2926 (2308 | 3169 | 4824|6896 | 6938 | 6827
Feb | 2887 (3309|2534 (2808|2344 | 1924 | 2916 | 4358 | 5784 | 6084 | 5853
Mar | 3207|3830 3169 | 2571 | 2567 | 2251 | 2996 | 6095 | 5861 | 5688 | 5031
Apr | 2825 | 3327 | 2319 | 2541 | 2176 | 2266 | 2516 | 5153 | 5613 | 5754 | 3199
May | 3310 | 3658 | 2289 | 2569 | 2161 | 2379 | 2645 | 5703 | 5530 | 5739 | 2571
Jun | 2952|2772 | 2214 | 2082 1974 | 2338 | 2506 | 5348 | 5572 | 4753 | 2851
Jul | 3021 (2683|2423 |2440] 2126 | 2581 | 2373 | 5604 | 5032 | 5606 | 3326
Aug | 3228 | 2678 | 2362 | 2129 | 1923 | 2454 | 3060 | 5058 | 5606 | 5066 | 3339
Sep | 3123 [ 2796 | 2344 | 2284|2206 | 2606 | 3105 | 5111 | 5320 | 5225 | 3528
Oct | 2950 | 2571 | 3163 [ 2587 | 2365 | 2767 [ 2909 | 6207 | 6185 | 5760 | 3596
Nov | 3778 | 2677|3034 | 2352 | 1990 | 2597 | 2639 | 5700 | 5250 | 5228 | 3463
Dec | 2903|2376 | 2565 | 2112 | 1882 | 2633 | 2397 | 5125 | 5533 | 5506 | 3241

Regarding yearly varenicline sales, 2017 and 2018 had the
highest volumes, followed by 2019 and 2020. However, the
greatest increase in sales occurred between 2016 and 2017,
with a 48.3% rise. Conversely, 2014 experienced the lowest
sales volume at 26640 units.

The analysis of the monthly bupropion sales indicated a
more heterogeneous perspective (Table 3). The months
with the highest and lowest sales differ from year to year.
It’s possible to verify that December 2010 was the month
with the highest sales, with 112 units, followed by July 2015
with 107 units. It’s also important to note that in 2011, April
and September were the months with the highest sales,
reaching the number of 72. In the case of 2015, both March
and May displayed the lowest number of sales for that year,
with 43 units sold, and 2017 and 2018 displayed the same
behavior, having January as the most profitable month (76
and 63 units sold, respectively) and December as the least
profitable month (31 and 19 units sold, respectively). Fi-
nally, 2020 recorded the lowest overall sales figures, with
November selling just 6 units.

Table 3 -Absolute frequency of monthly sales of bupropion pack-
ages in Continental Portugal (2010-2020).
2010 |2011(2012|2013 2014 |2015|2016 | 2017|2018 | 2019|2020

Jan 88 56 53 66 52 49 72 76 63 20 52
Feb | 71 | 59 | 51 | 46 | 42 | 48 | 76 | 43 | 47 | 40 | 41
Mar | 73 | 60 | 56 | 34 | 56 | 43 | 53 | 57 | 41 | 45 | 62
Apri | 50 72 | 58 | 46 | 36 | 46 | 66 | 36 51 45 48
May | 74 | 68 | 60 | 55 | 43 | 43 | 48 | 46 | 42 | 50 | 40
Jun | 62 | 43 | 27 | 56 | 69 | 73 | 53 | 50 | 49 | 32 | 28
Jul | 75 | 67 | 44 | 61 | 53 | 107 | 52 | 50 | 60 | 40 | 44
Aug | 84 | 58 | 57 | 50 | 42 | 79 | 84 | 58 | 58 | 40 7
Sep | 89 | 72 | 63 | 52 | 47 | 69 | 60 | 51 | 42 | 45 | 13
Oct | 51 | 51 | 70 | 53 | 63 | 47 | 36 | 46 | 45 | 44 8
Nov | 79 [ 56 | 35 | 62 | 37 | 44 | 56 | 54 | 41 | 37 6
Dec | 112 | 60 | 49 50 40 45 58 31 19 53 27

The yearly sales of bupropion show that 6894 units were
sold in total, with 2010 being the most profitable year with
908 sales (representing 13,2% of the 10 years). On the other
hand, 2020 stands out as the year with the lowest sales,
with only 376 units sold, equivalent to 5,5% of total bu-
propion sales. It should also be noted that, across the
board, the values of bupropion sales were very low com-
pared to the other anti-smoking medicines. For instance,
comparing the best year for bupropion (2010) with the
worst year of nicotine sales (2015), it’s possible to see that
nicotine sold more 98,7% units.

We converted the whole volume of sales into the percent-
age global sales of nicotine, varenicline, and bupropion and
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their contribution to the total sales of anti-smoking drugs
in Continental Portugal during the years analyzed. Nicotine
composed more than two-thirds of the total anti-smoking
drug packages sold, with 70,5%. Meanwhile, bupropion
sales were minimal, not even reaching 1% of total sales, in-
dicating that its use as an anti-smoking drug is limited. Re-
garding varenicline, it contributed to 29,1% of total sales.
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Figure 1. An Interrupted Time Series (ITS) analysis using seg-
mented least-squares multiple regression was conducted on an-
nual sales of Nicotine (A), varenicline (B), and bupropion (C) in
Continental Portugal (2010-2020). The year 2017 was defined as
the year of intervention. Dots represent the number of packages
sold. The regression line is presented in blue for the data from the
years before intervention, and in red for the years post-interven-
tion



Interrupted time series analysis of medicines sales

An interrupted time-series analysis using segmented least-
squares multiple regression was conducted to assess the
impact of the 2017 public health policy shift on annual sales
of Nicotine, varenicline, and bupropion in continental Por-
tugal (2010-2020). The segmented regression model
demonstrated a robust fit, showing that the intervention
year of 2017 was noticed across the three medicines (Figure
1).

Regarding nicotine sales (Figure 1A), the multiple regres-
sion model (R2 = 0.56, F(3, 7) = 3.058, p = 0.101) revealed
a pre-intervention trend (2010-2016) in which sales
showed a negative trajectory, decreasing by an estimated
average of 5130 units per year. Meanwhile, in the post-in-
tervention period (2017-2020), there was an immediate
change in 2017 sales, estimated by an increase of 33689
units, and the slope showed a positive shift. By combining
the pre-intervention and post-intervention slopes, the tra-
jectory post-2017 inverted from a negative trend to a sus-
tained positive sales growth.

Meanwhile, for varenicline sales (Figure 1B), the multiple
regression model (R2 = 0.921, F(3, 7) = 27.29, P = 0.0003)
revealed a pre-intervention trend (2010—2016) in which
sales remained relatively stable, with a slight baseline de-
cline. Meanwhile, in the post-intervention period (2017—
2020), there was an immediate level change in 2017 sales,
with an estimated increase of 46375 units. Following the
initial shock, the long-term post-intervention slope experi-
enced an estimated downward trajectory adjustment of
3994 units per year.

For bupropion sales (Figure 1C), the multiple regression
model (R2 = 0.7161, F(3, 7) = 5.885, P=0.0250) revealed a
pre-intervention trend (2010—2016) where sales exhibited
a gradual underlying decline, decreasing by an estimated
average of 24 units per year. Meanwhile, in the post-inter-
vention period (2017—2020), there was a downward trajec-
tory adjustment of an estimated 49 units per year.
Combining the baseline and post-intervention parameters
yields a definitive post-2017 real decrease trajectory per
year, driving Bupropion sales to the lowest decade figure in
2020.

Correlation of varenicline sales with the number of smok-
ing cessation medical consultations

Given that varenicline is only dispensed in pharmacies with
a medical prescription, we also analyzed the number of
medical consultations for smoking cessation. We did not
perform this analysis for bupropion because of its low sales.
We correlated varenicline sales with the number of smok-
ing cessation medical consultations conducted by the Por-
tuguese National Health Service in Figure 2. Based on the
curves obtained in Figure 2A, the increase in medical con-
sultations from 2017 to 2018 matched the rise in vare-
nicline sales. Moreover, there was a sharp decrease in
medical consultations from 2019 to 2020, approximately
40%.

Statistical analyses of the relationship between varenicline
sales and medical consultations were conducted using
Pearson's correlation. A statistically significant correlation
was observed between varenicline sales and medical

appointments from 2017 to 2019. The results demonstrate
a statistically significant, moderately strong synchronous
relationship in 2017 (Lag o, r = 0.664, p = 0.026). Further-
more, a statistically significant forward-lagged effect was
detected in 2018, the year after the intervention (Lag 1, =
0.661, p = 0.037), confirming that the volume of medical
consultations in 2017 continues to exert a strong, robust in-
fluence on varenicline sales in the subsequent year. That lag
effect was lost in 2019 (Lag 2: r = 0.646, p = 0.060), two
years post-intervention, and the difference was not statisti-
cally significant.
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Figure 2. Correlation between varenicline sales and medical con-
sultations. A. Absolute frequency of yearly varenicline package
sales and the yearly number of medical consultations for smoking
cessation performed by the National Health Service in Continental
Portugal (2010-2020). B. Pearson correlation matrix heatmap
containing the corresponding correlation coefficients. The color
bar denotes Pearson’s correlation coefficient (r), ranging from neg-
ative (red) to positive (blue) association. The analysis evaluated the
immediate association (LAG 0) alongside potential delayed re-
sponses, with medical consultations following sales trends up to 2
years (LAG 1 and LAG 2).

Discussion

This paper focused on analyzing the sales of nicotine, vare-
nicline, and bupropion in continental Portugal from 2010
to 2020.

Regarding nicotine, the results showed that NRT repre-
senting 70,5% of medicines sold in local pharmacies for pa-
tients attempting to quit smoking. A reason that might
explain this result is the fact that nicotine is a more acces-
sible drug in comparison with the other two, because it
doesn’t require a prescription and it's available over the
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counter. Also, other establishments like parapharmacies
and some supermarkets are allowed to sell these over-the-
counter drugs, and those sales are not reflected in our data.
Therefore, we must assume that the real number of nicotine
packages sold is higher than the figures presented herein.
NRT products were the most studied and utilized smoking
cessation medicines in Portugal, in line with other Euro-
pean countries.!

The year 2020 was marked by the COVID-19 pandemic,
which significantly affected the sales of medicines. During
this pandemic period, local pharmacies in Portugal re-
mained fully open, with no restrictions on access. In fact,
from 2019 to 2020, sales of nicotine in local pharmacies in-
creased slightly, while sales of Varenicline and Bupropion
decreased sharply. A representative study conducted in
England, comparing the prevalence of smoking cessation
therapies before and during the pandemic, reached the
same conclusion, indicating that out of these three medica-
tions, NRT was the most used therapy to quit smoking.:
This might be due to the accessibility of this medicine,
which was even more relevant during the pandemic period
since pharmacies remained open and NRT was possible to
obtain without a prescription. Varenicline and bupropion
sales declined during this period, possibly because a medi-
cal prescription was required. In some cases, this might
have led patients to switch treatments and seek alternatives
like NRT, which became even more noticeable during the
pandemic period.2 The same trend was also seen in Fin-
land, another European country, where NRT sales were sig-
nificantly higher throughout 2020 compared to 2019,
which was related to the COVID-19 pandemic.!

It was also noted that January scored the highest sales for
nicotine, with the notable exception of January 2015, which
might indicate a seasonal pattern of sales. A reason for this
seasonal variation can be the New Year's resolution for
quitting smoking, which led to January's high sales. A study
made in Canada showed similar conclusions, indicating
that the demand for smoking cessation therapies increased
during February and March and that the demand for smok-
ing cessation therapies during summer was lower, possibly
due to the holidays.®s

Despite the COVID-19 pandemic, 2020 scored the second-
highest number of package nicotine sales. January, Febru-
ary, and March scored the highest sales, followed by a de-
crease in sales in the next months. This result may indicate
that patients were stockpiling due to concerns about Covid
restrictions and decreased access to these medications, pri-
marily because of the quarantine period, or even fear of
medication shortages. A similar result was observed in a
study in the United States, which indicated that sales of nic-
otine products in the first quarter of 2020 peaked, particu-
larly for lozenges. These results once again may indicate a
case of stockpiling. Also, the study noted a decrease in sales
from Quarter 2 onwards regarding nicotine products.*4 An-
other study from the United States reported substantial in-
creases in NRT sales from March 8 to April 4, 2020,
suggesting a stockpiling behavior to cope with the pan-
demic restrictions.’s A similar trend was also observed in
Finland, where a significant increase was observed in NRT
sales during the lockdown, contrasting a steady growth
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trend that existed before the lockdown. Additionally, as the
lockdown measures in that country eased, sales of NRT
products began to decline after a peak in June.!*

Varenicline started to be reimbursed by the National
Health Service in 37% from 2017 onwards, as a measure to
help patients afford smoking cessation medication 9. The
co-payment of varenicline was made effective starting Jan-
uary 2017. The results obtained concerning varenicline
showed a major increase in sales from 2016 to 2017, 2018
being the most profitable year for varenicline sales. These
results can be attributed to government-approved reim-
bursement, which helped make varenicline more afforda-
ble.

We used a time-lagged correlation to evaluate the rela-
tionship between varenicline sales and medical consulta-
tions. Our findings reveal a statistically significant
correlation with a dual mechanism, characterized by a
strong simultaneous immediate effect in 2017 and a pro-
longed carryover effect in the following year, that estab-
lishes medical consultations as a crucial factor to explain
the increase in varenicline sales. The correlation between
varenicline sales and medical appointments for smoking
cessation clearly shows that the co-payment by the Na-
tional Health Service introduced in 2017 led to more inter-
est in this treatment, which requires a medical
prescription. The data strongly implies that medical con-
sultations drive sales. Moreover, there was a sharp decrease
in varenicline sales from 2019 to 2020, which was related
to the COVID-19 pandemic's lack of access to health ser-
vices during the quarantine period, where the number of
medical appointments also decreased. In accordance, the
National Health Service reported less 39% medical ap-
pointments and less 52% first medical consultations for
smoking cessation in 2020 when compared to 2019.16

Bupropion displayed a very different sales behavior when
compared to nicotine or varenicline and represents a mar-
ginal sales figure. One possible explanation is that the
prices of these medications might discourage some individ-
uals from continuing treatment. Another concern about
bupropion is that the potential adverse effects might be
more prevalent than those of the other two drugs, including
serious seizures,” and therefore might not be the first
choice for physicians to prescribe. The manifestation of
these effects may discourage patients from initiating or
completing the treatment. In accordance, in England, bu-
propion was the least-used medication with a 0.5% rate in
the pre-pandemic period and 0.4% in the pandemic period.
Between 2015 and 2021, Bupropion also showed the lowest
quit rate of all cessation methods, displaying only 11.1% of
quit rate.12

As for varenicline, which requires a prescription, bu-
propion registered a decrease in 2020 sales. These results
seem consistent with what was observed in Italy, reporting
that during the quarantine period due to the COVID-19
pandemic, restricted access to prescriptions and health fa-
cilities contributed to the decrease in sales.8

An interrupted time-series analysis demonstrated the im-
pact of the 2017 public health policy shift on annual sales
of the three medicines in Continental Portugal (2010-
2020). On one side, varenicline sales increased, but also



nicotine, which might be associated with more access to
medical consultations for quitting smoking. On the other
hand, bupropion showed a clear trend of decreasing after
that year, possibly due to a shift toward more varenicline
prescriptions after 2017. Overall, data on the sales of these
three medicines reveal the impact of the 2017 public health
policy shift on Portugal.

Our findings that the shift in health policies has a strong
impact on smoking cessation and medication sales are cor-
roborated by data from other European countries. Changes
in tobacco taxation or medicine price changes, smoking
prevalence, or even the presence of clear clinical guidelines,
can have a strong impact on smoking cessation. A study as-
sessed the smoking behavior of smokers in six to eight Eu-
ropean countries (including the United Kingdom,
Germany, France, Spain, Poland, Romania, Greece, and
Hungary) in 2016.19 The results exposed a huge cost-based
fracture, in the United Kingdom, where the National
Health Service has reimbursement and subsidies for smok-
ing cessation medications, reported the highest rate of quit
attempts. In contrast, in Hungary or Greece, where treat-
ment was not reimbursed, the lowest intention to quit was
revealed.’ Therefore, this agrees with our data that when
policies are made for smoking cessation, such as those that
occurred in England, where large investments in smoking
cessation were made, there will be an increase in quitting
smoking. Another study analyzed the impact of the radical
transition in French health policies for reimbursement of
nicotine medicines.2° In 2016, the country offered a fixed
annual reimbursement of €150 per patient; between 2018
and 2019, it changed to direct coverage of 65% by the na-
tional health plan, with no spending limit and no upfront
payment by the user. The result was a 15-fold increase in
the number of nicotine boxes dispensed, proving that phar-
macy reimbursement eliminates crucial economic barriers
and increases interest in smoking cessation 2°. In line with
our results, the use of varenicline and NRT increased dra-
matically in France after the medication became free for pa-
tients.2

It must also be noticed that the appearance of e-cigarettes
led to a decline in the use of traditional pharmacotherapy
in some countries. Using representative data from across
the European Union, a study found that the use of pharma-
cotherapies to support smoking cessation declined from
14.6% in 2012 to 11.1% in 2017.22 The authors point out that
the prevalence of use of these medications was directly im-
pacted by the exponential growth of e-cigarettes. This does
not seem to be the case in Portugal, where the policy change
in 2017 greatly enhanced both the number of consultations
to quit smoking and sales of nicotine and varenicline in
pharmacies.

This study has several limitations. First, the data provided
by CIMI INFARMED were the number of packages, not sin-
gle-dose units, and given their origin and nature, it was not
possible to estimate the defined daily dose or normalize it
to population size. This renders difficult to compare figures
among the three drugs. Nicotine is available as an over-the-
counter medicine and is sold at local points of non-pre-
scription medicine sales, such as supermarkets, which are
not included in our data, which might underestimate the

overall sales of this drug and may bias the interpretation of
the nicotine replacement market. Bupropion sales refer to
a single medicine approved in Portugal for smoking cessa-
tion, and this drug can be prescribed as an antidepressant.
There are other medicines on the market with bupropion
approved for depression that could potentially be pre-
scribed for smoking cessation, thereby potentially affecting
this data interpretation. It’s also important to note that
drug sales don’t reflect whether patients effectively initi-
ated or completed treatment, nor do they indicate the treat-
ment's success rate. In the case of NRT, previously
published data indicate that adults acquire these medica-
tions for purposes other than complete cessation.4.23

Conclusion

Sales of smoking cessation medication exhibit seasonal
patterns, with January the most profitable month overall.
There was a clear increase in sales of varenicline following
the co-payment from the health system established in 2017,
a factor that can lead to increased interest in smoking ces-
sation. There was a statistically significant correlation be-
tween the number of medical consultations and varenicline
sales. For all medicines, 2017 marked a shift in sales due to
changes in healthcare policy. In 2020, the negative impact
of the COVID-19 pandemic on access to medical consulta-
tions led to lower acquisition of prescription-based medi-
cations.

All data supporting the results can be found in the manu-
script.
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