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1GENERAL INTRODUCTION
Chronic obstructive pulmonary disease

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) report 
2020, Chronic Obstructive Pulmonary Disease (COPD) is a common, preventable and 
treatable disease that is characterized by persistent respiratory symptoms and airflow 
limitation. Such symptoms are caused by airway and/or alveolar abnormalities usually 
triggered by significant exposure to noxious particles or gases.1 Cigarette smoking is 
the main independent causal risk factor for COPD with indoor and outdoor air pollution 
and occupational exposure to dust and noxious particles also being the risk factors for 
COPD.2 Moreover, host factors that may contribute to the development of COPD include 
age, genetics, airway hyper responsiveness and abnormal lung development.3-5 

The prevalence of COPD varies across countries as well as regions within countries. 
According to the findings of a global meta-analysis, the number of COPD cases 
increased to 384 million in 2010, with a global prevalence of 12% (ranging between 
8% and 15%).6 COPD is commonly diagnosed in individuals aged 40 years or older 
based on the presence of associated symptoms and risk factors. However, a definitive 
COPD diagnosis requires the performance of spirometry. The presence of a post-
bronchodilator FEV1/FVC < 0.7 confirms the presence of airflow limitation and results 
in a COPD diagnosis. COPD patients are currently categorized into four GOLD stages of 
severity of airflow limitations based on the predicted value of FEV1: mild (stage I, FEV1 

≥ 80% predicted), moderate (stage II, 50% ≤ FEV1 < 80% predicted), severe (stage III, 
30% ≤ FEV1 < 80% predicted) and very severe (stage IV, FEV1 < 30% predicted).1 A large 
prevalence study estimated that the rate of COPD for GOLD stage II and higher is around 
10% in the general population, and a little higher in men than women (11.8% and  
8.5%, respectively).7

COPD is one of the leading causes of morbidity and mortality worldwide.8 Its burden is 
predicted to increase in the coming decades as a result of continuous exposure to risk 
factors in developing countries and aging of the population worldwide, particularly in 
high-income countries.9 Smoking cessation interventions, increased physical activity, 
and early diagnosis and treatment of related comorbidities are considered key measures 
for reducing the health-economic burden of COPD. 10

Up to now, the key goals of COPD treatment have been to improve patients’ prognosis and 
prevent the disease from worsening. The main treatment used in the daily management 
of mild and moderate COPD is pharmacotherapy. Bronchodilators, including short- and 
long-acting β2-agonists (SABA and LABA) and short- and long-acting anticholinergics 
(SAMA and LAMA) are essential for managing and preventing symptoms, and combined 
treatment (SABA/SAMA, LABA/LAMA or LABA/ICS) may be used as appropriate. Non-
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pharmacological treatment comprises pulmonary rehabilitation (e.g., exercise training, 
education, and behavioral change).11 Oxygen therapy is necessary for patients with very 
severe COPD and lung surgery may also be necessary.

Exacerbations of COPD and antibiotic use

An exacerbation of COPD is defined as an acute worsening of respiratory symptoms 
that necessitates additional therapy.1 COPD patients can periodically experience acute 
exacerbations that may accelerate the decline in lung function, reduce the quality of 
life, and increase mortality and health-care costs.12,13 14 Infections, especially bacterial 
infections, and inflammation are thought to be an important trigger for exacerbations 
of COPD. Previous studies have found that bacteria are responsible for around 40% 
to 50% of exacerbations.15,16 S. pneumoniae, H. influenza, P. aeruginosa, M. catarrhalis, 
A. baumannii, and S. aureus were the most frequently reported bacteria that cause 
exacerbations of COPD.16-18 According to the GOLD guideline, the main goals in 
treatment of COPD exacerbations are minimizing the negative impact of the current 
exacerbation and preventing subsequent exacerbations.1 Because almost 40% of 
exacerbations are bacteria-caused respiratory tract infections,16 the use of antibiotics 
has become a common component in the management of acute exacerbations among 
COPD patients, both in terms of treatment and prevention.1,19

Notably, recommendations in prophylactic use of antibiotics in the management of COPD 
exacerbations are conditional and unspecific. Only long-term macrolides are currently 
mentioned as first-line therapy.1,19 Moreover, in terms of current evidence, an optimal 
regimen of prophylactic antibiotics for exacerbations has not been well established, 
and related recommendations regarding an appropriate schedule (continuous vs. 
intermittent) and the duration of a specific antibiotic intervention (below or equal to 
6 months vs. above 6 months) are still lacking. Besides, the effects of even the most 
extensively researched antibiotics macrolides—let alone other potentially suitable 
antibiotics—on the time to the first exacerbation, changes in lung function, the bacterial 
load, and airway inflammation have not been adequately evaluated.20 Knowledge of 
these outcomes is also vital for elucidating possible mechanisms behind the reduction 
of exacerbations through the prophylactic use of antibiotics, and for weighing benefits 
and risks.21 

The beneficial effects of oral corticosteroids as an effective treatment for acute 
exacerbations of COPD (AECOPD) in improving COPD symptoms and lung function 
are well established.22 However, although antibiotics have been recommended for 
the treatment of AECOPOD when signs of bacterial infection are present,1 there 
is still uncertainty regarding the beneficial effects of antibiotic treatment used in 
the combination with oral glucocorticoids for AECOPD, particularly in the case of 
outpatients in real-world settings. In 2012, a Cochrane review that pooled the results 
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of five RCTs conducted among outpatients did not reveal a significantly reduced risk 
of treatment failure associated with antibiotics currently prescribed for outpatients.23 
However, an updated version of this Cochrane review conducted in 2018 presented 
statistically significant beneficial effects of current antibiotics prescribed for 
outpatients.24 Two new RCTs were included in this later study in relation to the earlier 
review conducted in 2012.25,26 Notably, one of the two RCTs did not support the beneficial 
effects of antibiotics treatment on AECOPD, although it did contribute to almost 25% of 
the sample size of the updated pooled results.25 

Hence, most of the available scientific evidence on the effects of antibiotics for AECOPD 
is basically derived from RCTs. It is widely accepted that RCTs provide solid evidence 
with high internal validity, however, their generalizability in the real world, especially 
in outpatient settings is low. COPD is a chronic disease and is mostly managed on 
an outpatient basis within a population that is more heterogeneous compared with 
populations from RCTs. Moreover, the use of antibiotics for AECOPD treatment is not 
always appropriate and in line with related guidelines.27,28 Therefore, the effect of 
antibiotic treatment for AECOPD in real-world settings may differ from those obtained 
in clinical trials and require further investigation.

Comorbidities of COPD and potential drug-drug interactions

COPD is a chronic disease and its prevalence increases with age; around 15% of the general 
population over 65 years is affected by COPD.29 Hence, age-related comorbidities 
frequently co-exist with COPD.30  The most common concomitant chronic conditions 
associated with COPD include cardiovascular disease (e.g., heart failure, ischemic heart 
disease, and arrhythmias), metabolic disease (e.g., diabetes), osteoporosis, depression 
and anxiety, lung cancer and gastroesophageal reflux (GERD).1,30

COPD itself is a complex disease that entails the need for a variety of medications 
to improve lung function and treat exacerbations.1 Multiple comorbidities further 
complicate the medical management of COPD, resulting in polypharmacy among a large 
section of COPD patients. Polypharmacy poses a potential risk of drug-drug interactions 
(DDIs) that may induce adverse events and treatment failures. Moreover, COPD is an 
age-related disease that generally manifests at an older age. Therefore, these older 
patients are more susceptible to DDIs due to gradual physiologic negative changes that 
may influence their pharmacokinetics and the pharmacodynamics of the drugs used.31

As most evidence about drug effects is from clinical trials, more attention should be 
paid to issues related to polypharmacy and to potential DDIs in the management of 
COPD in real-world settings.32 This is especially the case for antibiotic therapy as it 
includes different drug classes that vary in their mechanisms relating to absorption 
and metabolism, making their interaction with other medications more likely. 
Comprehensive information for clinicians to avoid potential DDIs, however, is lacking.
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Smoking cessation drug therapy and neuropsychiatric safety 

Tobacco smoking is the main risk factor for COPD and other physical and mental 
disorders.33-35 This preventable behavior poses huge threats to global public health.36,37 
Although in recent years, strict tobacco control policies have prompted a global decline 
in smoking,36 the actual numbers of smokers and smoking-related disease burden 
continues to increase because of the growing population worldwide.38 More than eight 
million people continue to die annually as a result of tobacco consumption.39

Therefore, smoking cessation strategies to prevent smoking-related diseases are 
imperative.40 Varenicline, which was the first non-nicotine, pharmacotherapeutic, 
smoking cessation product, has been found to be more efficacious than other 
therapies, such as single-dose bupropion and nicotine replacement therapy (NRT).41 
However, following varenicline’s approval by the FDA in 2006, safety concerns were 
raised relating to its neuropsychiatric adverse events, which include suicidal thoughts, 
aggressive behavior, depression, anxiety, and sleep disorders.42 Numerous RCTs were 
subsequently conducted with varenicline to generate evidence on its safety.43 In light of 
their findings, the FDA warning was removed in 2016. However, concerns remain, given 
the strict inclusion and exclusion criteria applied in RCTs that result in the participation 
of relatively healthy individuals and the lack of consistent real-world evidence. Notably, 
special risk populations demonstrating increased smoking prevalence, such as COPD 
patients, have generally been excluded from RCTs.44

As previously noted, most COPD patients are elderly and have multi-morbidities, making 
them more susceptible to adverse drug events (ADEs). Similarly, there is evidence that 
individuals with psychiatric disorders experience relapses of psychiatric symptoms more 
frequently than those without these disorders.45,46 The safety of varenicline use for these 
specific populations has not been established. Although a few studies were conducted 
among patients with COPD or psychiatric disorders,47,48 the results were inconsistent. 
Consequently, more observational studies are still needed to generate the real-world 
evidence relating to the safety of varenicline use.

PSSA and observational study designs in drug safety evaluation

Most evidence regarding the effects of drugs is derived from strictly regulated clinical 
trials. However, the results from RCTs may not reflect the real-world situations, given that 
the participants are relatively healthy and because of the limited scope for detecting 
rare events with clinical trials. Therefore, real-world evidence derived from traditional, 
non-randomized, observational study designs is valuable for exploring such drug 
effects or toxicities within the field of pharmacoepidemiology. However, the evidence 
from observational studies is often inconsistent, and such designs have been criticized 
for their potential of bias (e.g., selection or information bias) and confounding (e.g. 
unmeasured confounding).49
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Prescription sequence symmetry analysis (PSSA) is increasingly being used to detect 
adverse effects or events associated with medications. PSSA is a self-controlled study 
design in which genetic and other time-invariant confounding can be well controlled, it 
does not entail the abovementioned bias.50,51 It compares the symmetry in the sequence 
of exposure medication and marker (outcome) medications as proxy for ADRs within 
a specific time window based on prescriptions or claims databases.52 The sequence 
ratio (SR) reflects the association between exposure and outcome. However, PSSA is 
still sensitive to time-varying variables, notably if the follow-up time is long. The overall 
validity of PSSA study designs has not been fully evaluated by comparing its result 
with those from conventional observational parallel group study designs, and such 
comparisons are urgently required.

AIM OF THIS THESIS
In this thesis, we aim to develop a comprehensive profile on the effectiveness of 
antibiotic use for acute exacerbations of COPD both prescribed prophylactically and 
therapeutically, and to provide real-world data on neuropsychiatric safety of varenicline 
use for smoking cessation, particularly among high risk populations with COPD or 
psychiatric diseases.

OUTLINE OF THIS THESIS
In part I of this thesis, we present several studies on the role of antibiotics in acute 
exacerbations of COPD (AECOPD).

In Chapter 2, we report the results from a meta-analysis of RCTs focusing on the beneficial 
effects and side effects of prophylactic antibiotic therapy in COPD patients.

In Chapter 3, we demonstrate the real-world effects of doxycycline treatment on acute 
exacerbations among COPD outpatients based on data extracted from the University of 
Groningen’s prescription database (IADB.nl) and explored the possible influence of age 
on the clinical outcomes.

In Chapter 4, we further explored the real-world effects of several antibiotic drugs 
used for acute exacerbations of COPD patients based on a linked database between 
the Lifelines Cohort biobank with extensive clinical information and the University of 
Groningen’s prescription database (IADB.nl). 

In Chapter 5, we present a systematic review of drug-drug interactions associated 
with frequently prescribed antibiotics among COPD patients based on causal evidence 
obtained from observational cohort studies, case-control studies and clinical studies, 
aimed at improving the safety of antibacterial prescriptions.
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In part II of this thesis, we present studies on the role of varenicline for smoking cessation 
using different designs. 

In Chapter 6, we present the results of a retrospective inception cohort study aimed at 
assessing the risk of neuropsychiatric adverse events (NPAEs) in starters with varenicline 
versus starters with nicotine replacement therapy (NRT) among both the general and 
COPD populations, with and without psychiatric disorders. This study was conducted 
using data extracted from the University of Groningen’s prescription database (IADB.nl).

In Chapter 7, we further examine the association between varenicline use and the onset 
of NPAEs in a real-world setting using a prescription sequence symmetry analysis (PSSA) 
study design.

Furthermore, in Chapter 8 we systematically compared effect estimates derived from 
the PSSA study with effect estimates from conventional observational parallel group 
study designs, to assess the validity and constraints of the PSSA study design within 
epidemiological research. 

Last, in Chapter 9, we summarized the main findings of this thesis, discussed these 
findings in detail and provided suggestions for future research. 
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