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Background: Chronic obstructive pulmonary disease (COPD) is a progressive lung disease
that is mainly caused by smoking, and most patients with COPD are either former or current
smokers. The optimal way to slow down disease progression and reduce overall mortality is
for patients to stop smoking. Patients with COPD are known to have lower socio-economic
status and to be more nicotine-dependent than most other smokers and therefore face
difficulties when attempting to quit smoking. Pharmacological smoking cessation treatment
is known to be the most effective. However, the extent to which this treatment is actually
offered to Danish smokers with COPD is unknown.

Aim: The aim of this study was to investigate if patients with COPD were more likely to
redeem a prescription for smoking cessation medication compared with matched controls.
Materials and Methods: The study was designed as a registry-based, non-interventional
case-control study. All Danish patients with COPD (ICD-10-code J 44 chronic obstructive
pulmonary disease) diagnosed between 2009 and 2015 were included (130,797 cases).
Controls (252,216) were matched on age, gender and geography. Primary outcome was the
number of redeemed prescriptions for smoking cessation medication.

Results: We found that 12% of patients with COPD redeemed a prescription for smoking
cessation medication during the eight-year study period. The odds ratio (OR) for redeeming
a prescription on smoking cessation medicine was OR 6.22 for patients with COPD com-
pared with their matched controls. We also found that patients with COPD were more likely
to redeem smoking cessation medication if they were younger, female or single.
Conclusion: There is substantial room for improvement with respect to pharmacological
smoking cessation treatment in Danish patients with COPD. In-depth knowledge of factors
contributing to the patients choice of smoking cessation treatment might allow for more
personalized guidance of patients with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a global disease characterized by
chronic bronchitis, emphysema and an irreversible loss of lung function.' The
diagnostic criteria of COPD are a post-bronchodilator lung function with FEV1
(forced expiratory volume in 1 second)/FVC (forced vital capacity) <0.70.> The
most common cause of COPD is smoking, but air pollution and occupational
exposure are other important causes.” Despite various etiologies, 97% of Danish
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patients with COPD have a history of smoking.* The
worldwide prevalence of COPD in people over 30 years
of age is estimated to be approximately 10%, and the
number is rising.”® Denmark has a similar or even higher
prevalence.”® Despite public campaigns, increasing cigar-
ette prices, and public bans on smoking in certain areas,
such as hospitals, train stations, and bars, 23% of the adult
Danish population are currently smokers.” The prevalence
of smoking has been steady for some years (15-29 years
of age: 29%, 30-59 years of age: 25%, 60+ years of age:
16%).” Unfortunately, there has been a slight increase
from 2018 in number of smokers, especially among
young adults.’

The societal costs of COPD are considerable.'®'" The
estimated annual costs per person for COPD-related health
care contacts in Denmark is 8572 EUR.'? The majority of
costs relate to primary care and in-hospital care during
exacerbations. It is therefore essential to slow down dis-
ease progression, to ensure patients’ quality of life and
limit socio-economic costs.

Smoking plays a major role not only in COPD but also
in other diseases, eg lung cancer and cardiovascular dis-
ease, leading to a more rapid disease progression and
higher mortality.'> Smoking cessation is therefore essential
in the treatment of patients with COPD;'*'> not only
because smoking cessation delays disease progression but
also because it reduces respiratory symptoms and
increases survival.'®*® Previous studies have shown that
smokers with COPD are more nicotine dependent than
lung healthy smokers and find it more difficult to quit
smoking.'***

Despite the fact that smoking cessation is the best
treatment for COPD, approximately 33% of patients with
moderate or severe COPD are current smokers.**> It has
been estimated that 62% of Danish smokers have a desire
to quit smoking.” There are various smoking cessation
strategies. Although non-pharmacological treatments,
such as motivational therapy, have been shown to be
effective,”® it is inferior to pharmacological treatments —
such as nicotine replacement therapy (NRT), bupropion
and varenicline. A combination of motivational therapy
and pharmacological treatment seems to be the most
effective.”” The one-year quit rate differs considerably
between studies. The reported quit rates are approximately
10% for bupropion, 15% for NRT, 20% for varenicline and
8% for placebo.'>** 3% Combined with motivational ther-
apy, the quit rates are higher: approximately 25% for
and 33% for

bupropion and NRT, varenicline.'

Bupropion and varenicline are both taken for about three
months, whereas NRT is often used for a longer period of
time.'>!

Smoking cessation medication is not part of the Danish
national reimbursement system. This is in line with other
countries in northern Europe and many other countries
worldwide.*> The price for the recommended 12-week
120 EUR for bupropion (Zyban®,
GlaxoSmithKline Pharma) and 360 EUR for varenicline

(Champix®, Pfizer). The price of NRT varies and it is an

treatment is

over-the-counter drug; the recommended duration of treat-
ment differs.

Patients and society spend a considerable amount of
money on expensive inhaled medication;*® money that
would be better spent supporting the use of smoking
cessation medication (eg, by lowering the patient’s share
of the cost) and on counselling.**

The aim of this study was to describe the extent to
which patients with COPD purchased pharmacological
smoking cessation treatment, to identify individual-level
factors affecting choice of smoking cessation treatment,
and to use this knowledge to optimize future smoking
cessation counseling for smokers with COPD.

Since patients with COPD typically smoke more than
the background population, we hypothesized that patients
with COPD collect more smoking cessation medication

than matched controls.*>>

Methods and Materials
Study Design

The study was a retrospective non-interventional registry
study.

Data Collection

In Denmark, all Danish citizens have a unique Civil
Registration System (CPR) number that enables us to
link individual data from different registries.’® We
included all Danish patients with a diagnosis of COPD
treated in Danish hospitals between 2009 and 2015. Data
were collected from the Danish National Patient Registry,
a complete nationwide registry, covering all non-
psychiatric contacts to the secondary health sector in
Denmark.>® The ICD-10 code used to identify patients
with COPD was J44.x (chronic obstructive pulmonary
disease). We excluded patients under the age of 30 and
patients who died in 2009.

2434

Dove!

International Journal of Chronic Obstructive Pulmonary Disease 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove

Andelius et al

Each patient was matched with two controls without
a COPD diagnosis in the period 1998 to 2015. We matched
patients and controls on age, gender and geography.
Descriptive statistics are from the index year.

Data on age, gender and geography were extracted
from the Danish Civil Registration System.?’ Information
about socioeconomic status, educational level, and marital
status came from Statistics Denmark.

When a patient redeems a prescription in a Danish
pharmacy it is registered in the Danish National
Prescription Registry, and linked to the patients CPR-

Inclusion

COPD patients with contact in
2009-2015 and demographic
information in index year
N = 141,552

Patients with at least
one matched control in
the index year
N = 138,854

Patients of at least 30
years of age at index year
N = 136,553

Patients alive in all index
years
N =130,797

Figure | Flow diagram for patient inclusion.

number.*® Only the prescriptions that are also redeemed
are registered. All redeemed prescriptions with the
Anatomical Therapeutic Chemical (ATC) Classification
codes NO7BAO1 (nicotine replacement therapy (NRT)),
NO06AX12 (bupropion), or NO7BAO3 (varenicline) were
included.

Figure 1 shows the inclusion process. We identified
142,273 people with a primary or secondary COPD diag-
nosis between 2009 and 2015. 141,552 patients with
demographic information were included, and 2698 patients
were excluded because there were no matched controls in

Exclusion

Patients with no matched control
in the index year
N = 2,698

Patients < 30 years of age at
index year
N =2,301

Died in 2009
N =5,756
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the index year. A total of 2301 patients under 30 years of
age were excluded and 5756 patients were excluded
because they died in 2009. Each case was matched with
two controls. Due to the narrow matching criteria, we did
not succeed in identifying 9378 controls (approx. 4%), but
all included cases were matched with at least one control.

Outcome

The primary outcome was a number of redeemed prescrip-
tions for smoking cessation medication with one of the
following  ATC-codes: NO7BAOI, NO7BAO03, or

NO6AX12.

Statistics

To compare socioeconomic factors for cases and controls
on the redemption of prescriptions, we used a conditional
logistic regression model with case = 1, control = 0. We
corrected for socioeconomic factors using Statistics
Denmark model Sociol3.* Statistical analysis was per-
formed using SAS 9.4 TS Level IM5 (SAS, Inc., Cary,
NC, USA).

An attempt to quit smoking was defined as the redemp-
tion of a prescription for smoking cessation medication in
the period between 2009 and 2015. Subsequent attempts
were defined as redemption of a prescription for smoking
cessation medication more than six months after redeem-
ing the previous prescription, plus the defined daily dosage
(DDD) of the previously redeemed prescriptions.

Ethics

The study was approved by the Danish Data Protection
Agency. In accordance with Danish law, patient consent
and ethics committee approval were not required, as the
design was a register-based study that did not contain any
traceable patient data. Guidelines outlined in the World
Medical Association Helsinki Declaration were followed.

Results
Table 1 displays cohort demographics. Mean age for cases
was 69.4 years and for controls 69.2 years; 47% were
women in both groups. The two groups were significantly
different in terms of marital status, socio-economic factors
and educational level. 61% of controls were married com-
pared with only 49% of the cases. 24% of controls were
still active in the labor market, whereas this was only the
case for 12% of the cases.

Table 2 shows the number of cases and controls who
redeemed a prescription for smoking cessation medication

Table | Basic Characteristics

Number of People Case Control
130,797 252,216
Mean Std. Mean Std.
Age 69.4 1.7 69.2 1.7
N %-share N %-share
Gender
Male 61,605 47.1 118,500 47
Female 69,192 529 133,716 53
Marital status
Married/co-habiting 63,537 48.6 153,007 60.7
Single 67,260 51.4 99,209 393
Socioeconomics
Old age pension 89,001 68 164,419 65.2
Disibility pension 16,349 12.5 9674 38
Early retirement 4212 32 10,027 4
In education 906 0.7 2411 1,0
Employed 15111 1.6 61,010 242
Sickpay/leave 1187 0.9 830 0.3
Social security 3429 2.6 2422 1,0
Unemployment benefit 602 0.5 1423 0.6

between 2009 and 2015. A total of 12.1% of the cases
redeemed a prescription for smoking cessation medication;
5.3% redeemed a prescription for NRT, 6.4% for vareni-
cline and 1.7% for bupropion. Of the controls, 2.1%
redeemed a prescription. A total of 0.6% redeemed
a prescription for NRT, 1.3% for varenicline and 0.3%
for bupropion.

Among both cases and controls, people aged between
40 and 64 redeemed the majority of prescriptions.

A total of 13.4% of female cases redeemed any kind of
smoking cessation medication, whereas this only applied
to 10.7% of the men. The same pattern was seen for all the
subtypes of smoking cessation medication. In the control
group, there was no difference between genders.

In both groups, singles collected more NRT than co-
habiting participants.

Concerning socioeconomic factors, we found that peo-
ple receiving a disability pension had the highest propor-
tion of redeemed prescriptions for smoking cessation
medication among both cases and controls (21.8% of
cases, 5.6% of controls).

Figure 2A and B shows the distribution of the three
types of redeemed smoking cessation medication. Overall,
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A Cases

W NRT
W Varenicline

Bupropion

B Controls

W NRT
M Varenicline

Bupropion

Figure 2 Distribution of the different kind of smoking cessation medication among
cases (A) and controls (B).

bupropion was the least redeemed in both groups, whereas
varenicline was the most frequently redeemed. Cases
redeemed more NRT medication than controls.

Table 3 describes cases only. Among patients with
COPD, the probability of redeeming smoking cessation
medication diminished with age. The probability
decreased by 3% (odds ratio (OR) 0.96) with every year
a patient got older. The probability of redeeming smoking
cessation medication was lower among men (OR 0.77)
compared to women, and among married/co-habiting peo-
ple (OR 0.75) compared to singles. Cases on early retire-
ment redeemed most of all types of smoking cessation
medication (OR 1.56), whereas cases on social security
redeemed the least (OR 0.68).

Table 4 shows a conditional logistic regression for
redeeming smoking cessation medication on at least one
occasion. The OR for cases redeeming any type of smok-
ing cessation medication was 6.22 [95% CI 6.01-6.44]
compared with controls. A similar finding was seen for
all subtypes of smoking cessation medication.

Table 5 shows a conditional logistic regression for
attempts to quit smoking. The OR for cases trying to quit
smoking once was 5.82 [95% CI 5.6—6.04] compared with
controls.

Discussion

In this retrospective, national registry study, we provide,
for the first time, detailed information on individual factors
that play a role in patients with COPD regarding the
choice of pharmacological smoking cessation treatment.
We found that cases were more than six times more likely
to redeem a prescription for any kind of smoking cessation
medication, compared with their matched controls (OR
6.22). One of the most obvious reasons for the finding is
probably that patients with COPD have felt the everyday
bodily complications caused by smoking, which would
probably make them more motivated to quit smoking
compared with non-COPD controls. This is supported by
a study by Melzer et al who found that patients with
COPD were more prone to smoking cessation if they had
symptoms of airway obstruction.*’

We found that people with COPD tried to quit smoking
more often than their lung healthy controls. Other studies
have shown that patients with COPD experience a higher
nicotine dependence.*'** The combination of motivation
to quit smoking and a high nicotine dependence might be
a part of the explanation for our result.

A study by Van Eerd et al showed that there were no
differences in quitting rates between lung healthy patients
and patients with COPD, but that patients with COPD used
smoking cessation medicine to quit smoking more often
than their lung healthy controls.*® This result suggests that
our finding of higher numbers of quitting attempts among
patients with COPD, to some extent, might be explained
by the fact that lung healthy smokers tend to choose non-
pharmacological smoking cessation strategies.

National and regional guidelines in Denmark recom-
mend that patients with COPD undergo at least annual
follow-up visits to their general practitioner (GP) or an
outpatient clinic. A mandatory part of the check-up is
a (brief) discussion about the patient’s smoking status
and advice on smoking cessation. Discussing smoking
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Table 4 Conditional Logistic Regression for Case-Control for Redeeming Smoking Cessation Medication at Least Once
All Types NRT Varenicline Bupropion
Odds Ratio P-value Odds Ratio P-value Odds Ratio P-value Odds Ratio P-value
Redeemed prescription
Not collected - - - - - - - -
Collected 6.22 (6.01-6.44) <0.001 7.69 (7.24-8.16) <0.001 5.54 (5.30-5.78) <0.001 5.03 (4.62-5.47) <0.001
Redeemed prescription
0 times - - - - - - - -
| time 5.69 (5.43-5.97) <0.001 7.43 (6.85-8.06) <0.001 523 (4.93-5.56) <0.001 5.15 (4.67-5.68) <0.001
2 2 times 6.81 (6.49-7.12) <0.001 7.97 (7.32-8.68) <0.001 5.87 (5.52-6.25) <0.001 4.71 (3.99-5.55) <0.001
Table 5 Logistic Regression Showing Attempts to Quit Smoking
Attempts to Quit Case Control Odds Ratio P-value
n (%) n (%)
0 114,941 (87.88) 246,905 (97.89) - -
| 12,038 (9.29) 4315 (1.71) 5.82 (5.6-6.04) <0.001
2 2626 (2.01) 714 (0.28) 7.80 (7.14-8.52) <0.001
3 818 (0.63) 182 (0.07) 9.08 (7.66-10.76) <0.001
4 374 (0.29) 100 (0.04) 7.72 (6.11-9.77) <0.001

status with a doctor has in several studies been shown to
increase the probability of the doctor prescribing smoking
cessation medication.***> These annual follow-up visits
could partly explain why cases redeemed more prescrip-
tions for smoking cessation medication than controls.

This study shows that young age increases the likelihood
of redeeming a prescription for smoking cessation medicine.
The finding is supported by a large study by Jordon et al
with more than 180,000 participants.*® Their study showed
that with rising age, the smokers were seeking a GP’s advice
to smoking cessation less frequently. They also found that in
the GP’s consultation room, the smoking cessation advice
was given equally often to all age groups, but that younger
patients ended up with a prescription for smoking cessation
medicine more often.

The fact that females with COPD are more likely to
redeem a prescription for any kind of smoking cessation
medication compared with males with COPD has also
been found by other research groups, but never in
a COPD cohort size as in this study.*’ In Denmark, the
same percentage of men and women are daily smokers.
Therefore, difference between genders in smoking preva-
lence cannot explain this finding.” In a mixed population
from USA, Canada, France, Italy, Germany, the
Netherlands, Spain and the UK, Watson et al found that

women were more likely than men to get smoking cessa-
tion advice.*® If this finding is applicable to the population
in the present study, this could be a possible explanation
for this finding.

Other studies have shown that high socio-economic
status increases people’s chances of using smoking cessa-
tion medicine.*’” Surprisingly, we found that cases on dis-
ability pension, early retirement or sick pay redeemed
most smoking cessation medication. A similar finding
was seen in the control group. One of the explanations
could be that people on disability pension or sick pay visit
their GP practitioner more often because they have comor-
bidities. More contacts with the GP would provide more
opportunities to discuss smoking cessation and to get
a prescription for smoking cessation medicine.

We found that, while patients with COPD were six times
more likely to redeem prescriptions for smoking cessation
medication than were their controls, the proportion is still
low — despite the fact that smoking cessation is the corner-
stone of COPD treatment. Over a period of eight years, only
12.1% of patients with COPD tried to quit smoking using
smoking cessation medication; 9.3% tried once, and only 2%
tried twice. Considering the importance of smoking cessation
and that 33% of people with COPD in Denmark are current
smokers, the numbers of quitting attempts are discouraging.
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Strengths and Limitations

The strength of the study is that we have a complete
national sample on all Danish patients with COPD fol-
lowed in hospital.

Data on lung function among cases were not available
for validation of COPD diagnosis. However, Thygesen
et al showed that the positive predictive value of Danish
National Patient Registry coding of COPD is near 100%.*°

We have no information about smoking status among
cases and controls. When we find that cases redeemed
more than six times as much smoking cessation medica-
tion compared with controls, one of the reasons could be
that the prevalence of both smokers and recent quitters
among cases is higher than among controls. According to
numbers from the Danish COPD database, DRKOL, 33%
of patients with COPD are current smokers. The preva-
lence of smokers in the general Danish population is 23%,
so it seems reasonable to estimate that this was also the
prevalence in our control group.” Thus, the difference in
smoking status cannot fully explain the six times higher
collection rates among patients with COPD.

Our data included all prescriptions redeemed in Denmark
between 2009 and 2015. Varenicline was the most redeemed
medicine in both groups, followed by NRT and, lastly, bupro-
pion. Varenicline and bupropion are prescription drugs, but
NRT can also be bought over-the-counter in Denmark, mak-
ing it an easily accessible and very popular product. NRT can
be bought while doing the grocery shopping, and
a consultation with a health professional is not necessary.
NRT can be bought in smaller amounts than either vareni-
cline or bupropion, which makes the unit price lower. Our
knowledge of the use of smoking cessation medication is
limited to the number of redeemed prescriptions. NRT
bought over the counter is unfortunately not registered and
is therefore not included in our study. In 2015, only 3% of
NRT was bought on prescription.’® The number of redeemed
prescriptions for varenicline and bupropion was not affected.

We have no data regarding non-pharmacological smok-
ing cessation treatment, such as counseling or brief advice,
since no national register in Denmark contains that kind of
information. However, since the most effective smoking
cessation strategy includes pharmacological treatment, our
results are still of great clinical importance.

In our study, the inclusion criterion was a COPD diag-
nosis based on the ICD-10 code J44.x. Unfortunately, the
ICD-10 coding is only used in the secondary sector.
Patients with COPD who have never had contact with

the secondary health care system will not be registered
with the ICD-10 code J44.x. These patients were not
included in the case group — and some could indeed be
included in the control group. The people not included
would be mainly patients with a less serious level of
disease (GOLD-group A and B). Patients with higher
disease level (GOLD-group C and D) are routinely fol-
lowed up at hospital outpatient clinics. It is well known
that people with milder disease and fewer symptoms are
not as keen to buy smoking cessation medication, and we
therefore risk overestimating the number of patients with
COPD using smoking cessation medication and thus a type
2 error.’

Conclusion

In conclusion, we found patients with COPD to be six
times more likely to redeem a prescription for smoking
cessation medication compared with matched controls,
although prevalence of smoking among patients with
COPD (33%) and the background population (23%) does
not differ significantly.

Young age, female gender, and being single were inde-
pendent factors associated with an increased likelihood of
redeeming a prescription for smoking cessation medication
among patients with COPD.

As smoking cessation is of great importance in the
treatment of patients with COPD, it is worrying that only
12% of the included patients with COPD redeemed smok-
ing cessation medication during the seven-year study per-
iod. Our study indicates that there is substantial room for
improvement in smoking cessation initiatives for the
Danish population in general and specifically for patients
with COPD.
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