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ABSTRACT 
 
Background: Fluoroquinolones are a group of broad-spectrum antibacterial 
agents that are widely used and indicated for the treatment of genitourinary, 
respiratory, gastrointestinal, skin, and soft tissue infections. In Finland, 
fluoroquinolones comprise 5% of all systemic antimicrobial prescriptions. 
Fluoroquinolones are generally well tolerated and their common adverse 
reactions, such as nausea and headache, are mostly mild and resolve quickly. 
However, fluoroquinolones are also associated with more serious adverse 
reactions, including tendon injuries, Clostridioides difficile infections, aortic 
ruptures, and lower threshold for seizures, which can result in long-term 
impairment to patients and high healthcare costs.  

Objectives: The aim of this study was to estimate the economic impact of 
fluoroquinolone-related adverse reactions in Finland. 

Methods: A systematic literature review (study I) was conducted to identify 
health service use and subsequent costs associated with ciprofloxacin, 
levofloxacin, moxifloxacin, norfloxacin and ofloxacin -related adverse events. 
A retrospective observational cost of illness study (study II) was conducted to 
assess costs and health service use associated with tendon injuries after 
fluoroquinolone antibacterial agent use in Finland during 2002-2012 with 
data obtained from the Finnish Pharmaceutical Insurance Pool's 
pharmaceutical injury claims. Regression models were used to analyze the 
impact of patient characteristics on hospital days, as well as the relationship 
between patient characteristics and tendon ruptures. Additionally, several 
subgroup analyses were conducted. Outcomes of interest were the number of 
outpatient visits to primary, secondary, tertiary, and private health care 
services, hospital days, rehabilitation, and their costs. In study III, a cost of 
illness decision tree model was built to predict costs and mortality associated 
with serious adverse drug reactions. Severe Clostridioides difficile infections, 
severe cutaneous adverse reactions, tendon ruptures, aortic ruptures and liver 
injuries were included as serious adverse drug reactions in the model. In order 
to estimate the direct healthcare costs of a serious adverse reaction, the 
number of reimbursed fluoroquinolone prescriptions obtained from the Social 
Insurance Institution of Finland’s database were multiplied by the probability 
of a serious adverse reaction and the estimated cost of a single serious 
fluoroquinolone-related adverse reaction. Sensitivity analyses were conducted 
to address parameter uncertainty. 

Results: In study I, 5,687 references were found in the primary literature 
search, and among them, 19 observational studies, including five case-control 
studies, which fulfilled the inclusion criteria. Hospitalization was an adverse 
event-related health service use outcome in 17 studies. Length of hospital stay 
associated with adverse events varied between <5 and 45 days. The estimated 
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cost of an adverse event treatment episode ranged between 140 € and 18,252 
€. Clostridioides difficile infections were the adverse event type associated 
with the longest stays in hospital. Ten studies reported adverse event-related 
length of stays and five evaluated costs associated with adverse events. Due to 
the lack of published literature, health service use and costs associated with 
many high-risk fluoroquinolone-related adverse events could not be 
evaluated.

In study II, the direct costs of a tendon injury averaged 14,800 € and indirect 
costs were estimated to be an additional 9,077 € for employed claimants. Fifty-
one percent of the claimants were hospitalized, with an average duration of 21 
days. Hospitalization was the costliest form of health service use with an 
average of 9,915 € per hospital episode. Hospital days and direct costs 
increased with the severity of the injury. Tendon ruptures, in particular 
bilateral ruptures, required substantially more hospital days and their direct 
costs were significantly higher than those of uncomplicated tendinitis. 
Concurrent use of oral glucocorticoids and increasing age were associated with 
a higher likelihood of tendon ruptures.

In study III, a total of 1,831,537 fluoroquinolone prescriptions were filled 
between 2008 and 2019 in Finland. With the estimated risks from published 
literature, serious adverse drug reactions associated with fluoroquinolones led 
to estimated direct healthcare costs of 501,938,402 €, including 11,405 
adverse reactions and 3,884 deaths between 2008 and 2019. The average 
mortality risk associated with the use of fluoroquinolones was 0.21%. Severe 
Clostridioides difficile infections were the most frequent, fatal, and costly 
serious adverse reactions associated with the use of fluoroquinolones.

Conclusions: Because of the wide clinical use of fluoroquinolones, in particular 
serious fluoroquinolone-related adverse reactions can have substantial 
economic implications, in addition to imposing potential long-term disability 
for patients.  Accordingly, the risks and benefits of fluoroquinolones should be 
weighed carefully in antibiotic prescription policies, and additional measures 
should be developed to prevent and reduce health service use and costs 
associated with fluoroquinolone-related adverse reactions.  Moreover, better-
quality reporting and further published data on risks of fluoroquinolone-
related ADRs, in addition to health service use and costs associated with these 
adverse reactions are needed.
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TIIVISTELMÄ 
 

Tausta: Fluorokinolonit ovat laajakirjoisia mikrobilääkkeitä, joiden 
käyttöaiheita ovat virtsatie-, hengitystie-, suolisto-, iho- sekä 
pehmytkudosinfektiot. Kaikista määrätyistä mikrobilääkkeistä 
fluorokinolonien osuus on noin 5 %. Vaikka useimmat fluorokinoloneihin 
liitetyt haittavaikutukset, kuten pahoinvointi ja päänsärky, ovat lieviä ja 
ohimeneviä, niiden käyttö on myös yhdistetty vakaviin haittavaikutuksiin, 
kuten jännevaurioihin, Clostridioides difficile infektioihin, aortan repeämiin 
sekä epileptisiin kohtauksiin. Haittavaikutusten hoito vaatii usein 
sairauslomaa sekä terveyspalvelujen käyttöä, joista kertyy sekä potilaalle että 
yhteiskunnalle merkittäviä kustannuksia. 

Tavoitteet: Tämän tutkimuksen tavoite oli arvioida fluorokinolonien 
aiheuttamien haittavaikutusten taloudellisia seurauksia. 

Menetelmät: Järjestelmällisessä kirjallisuuskatsauksessa (tutkimus I) 
kartoitettiin siprofloksasiinin, levofloksasiinin, moksifloksasiinin, 
norfloksasiinin ja ofloksasiinin käytöstä aiheutuneiden haittatapahtumien 
hoitoon liittyvää terveyspalveluiden käyttöä sekä kustannuksia.  
Retrospektiivisessa havainnoivassa tutkimuksessa (tutkimus II) arvioitiin 
fluorokinolonien käytöstä aiheutuneiden jännevaurioiden kustannuksia ja 
terveyspalveluiden käyttöä Suomessa vuosina 2002–2012. Tutkimuksessa 
analysoitiin taustamuuttujien vaikutusta sairaalapäivien määrään sekä 
jännevaurion ilmenemiseen regressiomalleilla, minkä lisäksi toteutettiin 
useita alaryhmäanalyyseja. Kiinnostuksen kohteina olivat sairaalahoito, 
yksityisen terveydenhuollon palvelut, kuntoutus sekä näiden kustannukset. 
Kolmannessa tutkimuksessa rakennettiin päätöspuumalli, jonka avulla 
arvioitiin fluorokinolonien käyttöön liitettyjen vakavien haittavaikutusten 
kustannuksia ja kuolleisuutta. Malliin sisältyivät vakavat Clostridioides 
difficile infektiot, vakavat ihoreaktiot, jännerepeämät, aortan repeämät sekä 
vakavat maksahaitat. Mallin pohjana toimi Suomessa kirjoitettujen 
fluorokinolonireseptien määrä. Mallin parametreihin liittyvää epävarmuutta 
käsiteltiin herkkyysanalyyseilla.   

Tulokset: Kirjallisuushaussa löytyi kaikkiaan 5 687 fluorokinolonien haittoja 
käsitelevää julkaisua, joista 19 täytti sisäänottokriteerit (tutkimus I). Kaikki 
tutkimukset olivat tutkimusasetelmaltaan havainnoivia, ja niistä viisi oli 
kontrolloituja. Seitsemässätoista tutkimuksessa terveyspalveluiden käyttö 
liittyi sairaalaan joutumiseen. Haittatapahtumiin liittyvän sairaalahoidon 
kesto vaihteli 5 ja 45 päivän välillä. Haittatapahtuman arvioidut kustannukset 
vaihtelivat 140 eurosta ja 18 252 euroon. Pisimmät sairaalajaksot liittyivät 
Clostridioides difficile -infektioihin. Kymmenessä tutkimuksessa raportoitiin 
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haittatapahtumiin liittyvä sairaalapäivien määrä ja viidessä arvioitiin 
haittatapahtumiin liittyviä suoria kustannuksia. Järjestelmällisestä 
kirjallisuuskatsauksesta puuttui useita haittatapahtumia, joiden tiedetään 
liittyvän fluorokinolonien käyttöön, koska niiden osalta ei löytynyt 
sisäänottokriteereitä täyttäviä julkaisuviitteitä.  

Tutkimuksessa II fluorokinolonihoitoon liittyvän jännevaurion suorat 
kustannukset olivat keskimäärin 14 800 € ja epäsuorien kustannusten 
arvioitiin olevan 9 077 € työssä olevaa korvauksenhakijaa kohden. Hakijoista 
51 prosenttia joutui sairaalaan keskimäärin 21 päivän ajaksi. Sairaalahoito oli 
kallein terveyspalvelun muoto. Yhden sairaalajakson kustannukset olivat 
keskimäärin 9 915 €. Sairaalapäivät ja suorat kustannukset lisääntyivät 
vamman vakavuuden myötä. Jännerepeämät, erityisesti molemminpuoliset 
repeämät, vaativat paljon enemmän sairaalapäiviä ja niiden suorat 
kustannukset olivat huomattavasti suuremmat kuin jännetulehduksen. 
Samanaikainen kortisonilääkitys sekä ikääntyminen ennustivat suurempaa 
jännerepeämän todennäköisyyttä.  

Tutkimuksessa III havaittiin, että Suomessa määrättiin vuosina 2008–2019 
yhteensä 1 831 537 fluorokinolonireseptiä. Rakennetun mallin mukaan 
fluorokinolonien käyttö johti arviolta 11 405 vakavaan haittavaikutukseen, 
joista seurasi 501 938 402 euron suuruiset suorat terveydenhuollon 
kustannukset sekä 3 884 kuolemaa koko 12 vuoden tarkastelujakson aikana. 
Fluorokinolonien haittavaikutuksiin liittyvä keskimääräinen kuolleisuusriski 
oli 0,21 %. Vakaviin Clostridium difficile-infektioihin liittyivät suurimmat 
kustannukset sen lisäksi, että ne olivat kaikkien yleisimpiä ja eniten 
kuolemaan johtavia fluorokinolonien käyttöön liittyviä vakavia 
haittavaikutuksia.  

Johtopäätökset: Fluorokinoloneja käytetään laajasti ja niiden vakavilla 
haittavaikutuksilla näyttäisi olevan merkittäviä taloudellisia seurauksia sen 
lisäksi, että ne voivat aiheuttaa potilaille pitkäaikaisia vammoja. 
Fluorokinolonien määräämisen yhteydessä tulisi hyödyt ja haitat punnita 
erityisen tarkasti, jotta haitoista johtuvaa terveyspalveluiden käyttöä sekä 
kustannuksia voitaisiin ehkäistä. Tämä aihealue kaipaa vielä lisätutkimusta 
sekä tarkempaa raportointia. 
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DEFINITIONS 
 

 

Absolute risk: The observed or calculated probability of an occurrence in 
an exposed population.  

Adverse event: Any untoward medical occurrence in a patient or clinical 
investigation subject administered a pharmaceutical product without a 
necessity to have a causal relationship with this treatment.  

Adverse reaction: A response to a drug which is noxious and unintended, 
and which occurs at doses normally used in man for prophylaxis, diagnosis, 
or therapy of disease, or for the modifications of physiological function. 

Benefit-risk ratio: The weighing of the benefits (positive effects) of a 
medicine against its risks (adverse reactions) must be considered favorable 
for a medicine to be authorized.  

Bias: Any distorting influence that makes the results of a study an 
inaccurate reflection of the true situation. 

Cost of illness: A study that estimates the economic burden that an illness 
imposes on society.  

Pharmacovigilance: The science and activities relating to detection, 
assessment, understanding and prevention of adverse events or any other 
drug-related problem. 

Pharmaceutical injury: Any bodily illness or injury or a psychiatric 
disease likely to result from a pharmaceutical, i.e., a product or substance 
intended for internal or external use to cure, alleviate or prevent a disease or 
its symptoms in humans or animals, taken by the injured party. 

Sensitivity analysis:  A method to determine the robustness of an 
assessment by examining the extent to which results are affected by changes 
in methods, models, values of unmeasured variables, or assumptions. 

Signal: Information arising from one or multiple sources, including 
observations and experiments, which suggest a new potentially causal 
association, or a new aspect of a known association between an intervention 
and an event or set of related events, either adverse or beneficial, that is 
judged to be of sufficient likelihood to justify verificatory action. 

Systematic review: Attempts to collect and analyze all evidence that 
answers a specific question.  The question must be clearly defined and have 
inclusion and exclusion criteria. A broad and thorough search of the 
literature is performed, and a critical analysis of the search results is reported 
and ultimately provides a current evidence-based answer to the specific 
question. 
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1 INTRODUCTION 
 
Antimicrobial agents are a fundamental part of modern medicine and have 
substantially contributed to the progress of health care and wellbeing of people 
during the past century [1]. Antimicrobials include all agents that act against 
microorganisms, namely bacteria, fungi, viruses and protozoa. Antibacterial 
agents, or antibiotics, specifically target bacteria and are used to treat bacterial 
infections in humans and animals. [2] 

In clinical practice, it is common that the infection-causing micro-organisms 
are not identified, and the antibacterial treatment is chosen empirically to 
target a range of bacteria typically causing the infection. Fluoroquinolones are 
a group of broad-spectrum antibacterial agents that have shown to be effective 
in the treatment of a variety of respiratory, gastrointestinal, genitourinary, 
skin and soft tissue infections [3]. Fluoroquinolones have been in wide clinical 
use since the 1980s. In Finland, fluoroquinolones have comprised  five percent 
of all antimicrobial prescriptions [4].  

The curative effect of a drug is established in clinical trials in an optimal 
patient setting, whereas the association of the drug to adverse reactions is 
usually fully elucidated only after marketing authorization with accumulating 
experience and successive observational studies in a real-world setting. 
Occasionally, the discovery of less frequent adverse effects has taken decades 
after clinical use has begun. As with all medications, prescribing a course of 
antibiotics for an infection involves weighing the benefits of a pharmaceutical 
agent against its risk of harmful adverse reactions. Ideally, the chosen 
antibacterial inhibits the growth of harmful bacteria without harming the 
human host. Fluoroquinolones are generally well tolerated, with diarrhea, 
nausea and headache being the most common symptoms that subsequently 
quickly resolve.  A number of serious ADRs (adverse reactions), such as tendon 
injuries, Clostridioides difficile (formerly Clostridium difficile) infections and 
cardiovascular adverse reactions, have however, been associated with the use 
of fluoroquinolones. [5] 

To fully understand the impact of a drug treatment, also the economic 
consequences must be considered. In addition to the potential savings due to 
prevention and treatment of diseases, the drug may cause ADRs that result in 
expenses. The treatment of adverse reactions may involve both sick leave and 
health service use which, in turn, cause potentially substantial costs. The 
economic impact of ADRs consists of direct and indirect costs borne by the 
public health care system, employers, municipalities, and patients.  Previous 
research has shown that drug-related adverse reactions cause 3.6% of all 
hospital admissions in the EU and carry an estimated cost of 79 billion euros 
[6]. Antimicrobial ADRs, on the other hand, account for a quarter of all ADRs 
[7]. 
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In this doctoral thesis, the overarching objective was to evaluate the economic 
impact of fluoroquinolone-related adverse reactions. Study I focuses on the 
critical appraisal of literature and studies II and III observe the cost of illness 
of fluoroquinolone-related adverse reactions.  The aim of study I was to 
identify health service use and health service costs associated with 
ciprofloxacin, levofloxacin, moxifloxacin, norfloxacin and ofloxacin -related 
adverse events. Study II assessed costs and health service use associated with 
tendon injuries related to fluoroquinolone use in Finland during 2002-2012. 
Study III aimed to estimate the health care costs and mortality associated with 
serious fluoroquinolone-related adverse reactions in Finland during 2008-
2019.  
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2 BACKGROUND AND REVIEW OF THE 
LITERATURE 

 
 

2.1 Quinolones and Fluoroquinolones 

 
The use of quinolones, originally derived from the antimalarial drug 
chloroquine, began in 1963 when nalidixic acid, a synthetic quinolone 
antibiotic, was approved for clinical use and indicated for urinary tract 
infections. [8] 

The main mechanism of action of FQs is believed to be based on targeting two 
related bacterial enzymes, DNA gyrase and DNA topoisomerase IV.  DNA 
gyrase is an enzyme responsible for introducing negative supercoils into DNA 
and for relieving torsional stress expected to accumulate ahead of 
transcription and replication complexes. Topoisomerase IV, on the other 
hand, provides a potent decatenating, or unlinking, activity. Both gyrase and 
topoisomerase IV are essential enzymes for reproduction of bacteria. [9] 

When a fluorine atom and other substituents were added to the basic 
quinolone structure in the late 1970s, the evolution of a new group of 
antibacterial agents, fluoroquinolones (FQs), had begun. [10] During the past 
three decades, FQs have been in extensive clinical use. The most prescribed 
FQs are ciprofloxacin, levofloxacin, moxifloxacin, ofloxacin and norfloxacin, 
which have been in varied clinical use in Finland with ciprofloxacin 
dominating the market. Other FQs and quinolones approved in Europe 
include cinoxacin, enoxacin, flumequine, lomefloxacin, nalidixic acid, 
pefloxacin, pipemidic acid, prulifloxacin, rufloxacin, and recently, 
delafloxacin. 

As further FQs were developed, the structural changes improved tissue 
penetration and achieved therapeutic concentrations in the kidneys, lungs, 
and the intestine. Furthermore, the activity spectrum was altered or widened 
and, eventually, the broad-spectrum activity against bacterial pathogens 
comprised various Gram-positives, Gram-negatives, aerobes and anaerobes. 
[9,11] 

While the use of antibiotics aims at decreasing morbidity and mortality 
associated with various bacterial infections, the response is not always 
straightforward, and may differ depending on complex interactions between 
the host, the pathogen and the drug. [12,13]  These interactions between a drug 
and the body are further divided into pharmacodynamics and 
pharmacokinetics. The former deals with the relationship between the 
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exposure to a drug and a resulting effect, which can be either therapeutic or 
toxic. The pharmacodynamics of antimicrobial agents specifically refers to the 
ability of the drug to kill or inhibit the growth of microorganisms. 
Pharmacokinetics, on the other hand, focuses on the actions of the body on the 
drug, which comprise absorption, distribution, and the elimination of the drug 
[14,15]. Additionally, pharmacogenomics, the relation of the patient’s genetic 
composition to the response to specific drugs, is emerging as an important part 
of therapeutics and paving the way for personalized medicine. [16]  

FQs are generally well absorbed following oral administration with a 
bioavailability of about 70% for ciprofloxacin, 89% for moxifloxacin and 99% 
for levofloxacin. [17] High serum drug levels achieved after oral administration 
added to the expectations of FQs when they first entered the market awaiting 
with a particular demand for antibacterial agents effective against Gram 
negative bacteria. Oral use improved bacterial infection therapy both in 
patient comfort and economically with a substantial potential in reducing 
health service use. [8] Intravenous administration of FQs does not achieve 
significantly better serum concentrations and is much more expensive than 
oral use. [9]  

 

2.1.1 Clinical Use of Fluoroquinolones 

 

FQs are used for a wide range of bacterial infections, including genitourinary 
tract infections, respiratory infections, gastrointestinal infections, gynecologic 
infections, and sexually transmitted diseases. [2] The broad-spectrum activity 
of an antimicrobial agent is especially beneficial when the pathogen cannot be 
determined. Ideally, patients would receive pathogen-directed antimicrobial 
therapy, but this is the case in less than 1% of outpatient prescriptions and 
around 10% in an inpatient setting. [18]  

Due to reports of serious adverse reactions associated with the use of FQs, the 
European Medicines Agency (EMA) recommended restrictions on their use in 
October 2018. FQs should generally not be used as a first-line treatment, nor 
are they recommended for non-serious infections. FQs are not among the first-
line options for treatment of uncomplicated urinary tract infections, and due 
to growing resistance rates, antibacterials are in general no longer 
recommended as the first approach for prevention of urinary tract infections 
[11]. FQs remain one of the first-line options for male pyelonephritis. [19] [10] 
FQs can be classified into generations according to their similar features or 
spectrum of activity (table 1).  
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Table 1 Quinolones and FQs with marketing approval in Europe in 2018 and their indications for 
use. FQs are classified in generations according to activity spectra. [8,20]

FQ Activity spectrum Indications 
1. Generation Nalidixic acida 

Cinoxacina 

Pipemidic acida 

Flumequinea 

Gram-negative 
pathogens, excluding 
Pseudomonas 

Urinary tract 
infections 

2. Generation Ciprofloxacin 
Norfloxacin 
Enoxacin 
Ofloxacin 
Lomefloxacin 
Pefloxacin 
Rufloxacin 

Gram-negative 
pathogens and some 
gram-positive 
bacteria 

Urinary tract 
infections, 
pyelonephritis, 
sexually 
transmitted 
diseases, 
prostatitis 

3. Generation Levofloxacin Gram-negative 
 pathogens and

enhanced gram-
positive coverage

Urinary tract 
infections, 
pyelonephritis, 
sexually 
transmitted 
diseases, 
prostatitis, lower 
respiratory 
infections  

4. Generation Moxifloxacin 
Delafloxacin 

Gram-negative 
pathogens, enhanced 
gram-positive 
coverage and added 
anaerobic activity 

Sexually 
transmitted 
diseases, 
prostatitis, lower 
respiratory 
infections, intra-
abdominal 
infections, 
gynecological 
infections,

aFQs no longer with approval after the PRAC (Pharmacovigilance Risk Assessment 
Committee) recommendation in 2018 [21]
FQs in use in Finland are displayed in italic.
 

In the EU/EEA region, the population-weighted mean consumption of 
antibacterials for systemic use decreased from 18.9 DDD per 1,000 inhabitants 
per day in 2010 to 18.0 in 2019 in the outpatient setting. The mean 
consumption in hospitals was 1.8 DDD per 1,000 inhabitants per day. [22] 
Penicillin (a beta-lactam) is the most frequently consumed antibiotic subgroup 
with an average consumption of 7.1 DDD among outpatients and 0.57 DDD 
among inpatients. The consumption of FQs is similar to that of  tetracyclines, 
around 1.8 DDD  per 1,000 inhabitants per day among outpatients and an 
average of 0.18 with inpatients. [22] Globally, amoxicillin and ampicillin are 
the most consumed broad-spectrum antibiotics. [23] In 2018, the average 
global consumption of antibacterial agents was estimated to be 14.3 DDD per 
1,000 inhabitants per day. [24] FQs are used notably more frequently in 
southern parts of the EU/EEA.  The highest consumption of FQs both in DDDs 
and in packages per 1,000 inhabitants has been in Italy, Greece, Bulgaria and 
Spain. Conversely, the lowest consumption has been in the Nordic countries, 
Norway, Sweden, Finland, Denmark, and Iceland. Ciprofloxacin is the most 
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utilized FQ in most EU/EEA countries. Moreover, countries with higher FQ 
consumption, increasingly use levofloxacin and moxifloxacin. [25]

2.1.2 Fluoroquinolones in Finland

Norfloxacin was the first FQ to be approved in Finland. Marketing 
authorization was approved in 1988 but withdrawn in 2018. The FQs currently 
with marketing authorization in Finland are ciprofloxacin, levofloxacin, 
moxifloxacin and ofloxacin. The aforementioned FQs are in systemic use. 
Ofloxacin, levofloxacin and moxifloxacin are also used topically in eye 
drops and ciprofloxacin in ear drops. Ciprofloxacin was approved in the 
late 1980s and has remained the most consumed FQ in Finland. [4] 
Levofloxacin was approved ten years later, in 1998. [26]

Between 2008 and 2019, the number of FQ prescriptions has fallen by 40% in 
Finland (Figure 2), which is consistent with the declining number of all 
antibacterial prescribing. [4] On average 30% DDD per 1,000 inhabitants per 
day of FQs are used in hospitals and 70% by out-patients [27].

Figure 1. The number of fluoroquinolone prescriptions from year 2008 to 
2019. The age standardized trend line represents the Finnish adult popula-
tion.

FQs constituted around 5% of systemic antimicrobial agent use but there has 
been variation between the various hospital districts in Finland in their use.
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[28] In 2019, in the hospital district of Vaasa, FQs covered the largest portion 
6.8% of outpatient antibiotic prescriptions, while in the hospital district of 
Middle Finland, they comprised 4.3%. [4] In 2020, the average consumption 
of FQs in Finland was 0.37 DDD per 1,000 inhabitants per day, with the 
hospital district of Pirkanmaa with the smallest consumption (0.26 DDD) and 
Åland the largest consumption (0.60 DDD). The average consumption of all 
systemic antibacterial agents was 11.97 DDD. In 2020, beta-lactams 
comprised 50% of antibacterial agent use in Finland, of which penicillin 
comprised 31%. [29] 

2.2 Adverse Reactions and Adverse Events
 

Although ADRs (adverse drug reactions) have accompanied the use of 
medications throughout history, it was not until the 1960s and the thalidomide 
disaster, that significant improvements where made on the control of efficacy 
and safety of medicines. [30] In Finland, the marketing authorization of 
medicinal products was made mandatory in 1964 and the first adverse reaction 
reporting system was set in place in 1966. [31]  EMA was founded in 1995 in 
order to harmonize the work of national medicine regulatory bodies [32].

EMA defines a serious AE (adverse event) as any untoward medical occurrence 
that at any dose results in death, is life-threatening, requires inpatient 
hospitalization or prolongation of existing hospitalization, results in persistent 
or significant disability/incapacity, or is a congenital anomaly/birth defect. 
AEs are defined as any untoward medical occurrence in a patient or clinical 
investigation subject administered a pharmaceutical product without a 
necessity to have a causal relationship with this treatment.  An ADR, on the 
other hand, is a response to a drug which is noxious and unintended, and 
which occurs at doses normally used in man for prophylaxis, diagnosis, or 
therapy of disease, or for modification of physiological function. [33]

 The causal relationship between the medicinal product and an ADR is what 
differentiates ADRs and AEs. Causality is at least suspected for ADRs but is 
not required for AEs. Additionally, ADRs are considered to be a subset of AEs. 
In this thesis, as in the original studies, the term adverse event or AE is applied 
when dealing with studies I and II, and the term adverse drug reaction or ADR 
is utilized in association with study III.

It is very important to identify ADRs and to determine whether or not there is 
a causality between pharmaceutical use and an ADR. To date, there is no 
universally accepted assessment available to evaluate the causal association or 
relationship between a drug and a drug reaction, and several efforts have been 
made to create one [34]. The most commonly used assessment criteria are 
either the Naranjo scale or the WHO–UMC causality categories. [35,36] The 
former is an algorithmic method consisting of ten questions, which are scored,
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and determine whether the association between a drug and the reaction is 
definite, probable, possible, or doubtful. The latter relies on the opinion of a 
single or group of experts, who take into consideration pharmacology and 
previous information regarding the ADR, biological plausibility and whether 
there are exclusions of other causes. [34]

The classification of ADRs introduced by Edwards and Aronson is widely used 
and accepted. ADRs are divided into six types: dose-related (Augmented), 
non-dose-related (Bizarre), dose-related and time-related (Chronic), time-
related (Delayed), withdrawal (End of use), and failure of therapy (Failure) 
[37]. Augmented ADRs are the most common and can be resolved with 
adjusting the dose.  Additionally, ADRs can be classified according to their 
frequency and severity. The commonly used frequency scale classifies ADRs as 
either very common (>10%), common (1% < 10%), uncommon (0.1% < 1%), 
rare (0.01% < 0.1%) or very rare (< 0.01%). [38] Additionally, Hartwig et al., 
classified ADRs into seven levels according to their severity (levels 1 and 2 
=mild, levels 3 and 4 =moderate and levels 5, 6 and 7=severe). When ADRs 
are mild, there is no need for therapy or prolongation of hospitalization, which 
are required when ADRs are moderate. Severe ADRs can lead to permanent 
disability and can potentially be fatal. [39]

 

2.2.2 Reporting of Adverse Reactions 

 

Drug safety can be divided into pre-marketing control and post-marketing 
surveillance. The latter is a key part of pharmacovigilance, which comprises 
the detection, assessment, understanding and prevention of ADRs. [40] Under 
EU legislation, the approval of all new medicines into the market must now be 
accompanied by a robust risk management plan from the marketing 
authorization holder. [41] The benefits and risks of medicines are continuously 
monitored to confirm that the benefits are greater than the risks. 

Both regulatory authorities and pharmaceutical companies collect reports on 
adverse reactions. The emphasis is on ADRs associated with new drugs, in 
addition to serious and previously unknown ADRs. In Finland, data on ADRs 
from inpatient and outpatients are collected to Fimea's Register for adverse 
drug reactions, where both healthcare professionals and consumers can report 
assumed ADRs.  Fimea receives around 5,000 ADR reports annually, of which 
40% are from doctors, 25% from consumers, 25% from nurses, and 10% from 
community pharmacists. [42] All received ADR reports are submitted to the 
European Medicines Agency (EMA), which conveys the information to the 
pharmaceutical company holding the marketing authorization of the 
suspected drug, and to the large global register of the World Health 
Organization (WHO). Reports are available based on the name of the active 
substance. Globally, reports of ADRs are more likely to be available for 
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inpatient care, since the documentation processes are standardized. There is 
significantly  less data on ADRs in outpatient care. [43]  

Signal detection and management are an essential part of pharmacovigilance, 
which involves searching for and evaluating patterns in ADRs data that 
suggest a new, potentially causal association between a drug and an ADR or a 
series of related adverse reactions. Signals can be detected not only from  
spontaneous reports of ADRs, systematic reviews or meta-analyses, but also 
from clinical and pharmacoepidemiological studies and case reports. [44,45] 

Reporting and monitoring ADRs remains to be infrequent with 
underreporting rates being as high as 94% [46,47]. Therefore, 
pharmacovigilance research relies on sources beyond spontaneous ADR 
reporting for risk estimates. Observational studies have often been criticized 
for having less evidence-based value than randomized controlled trials (RCTs) 
[48]. However, observational research is needed in ADR studies as RCTs 
frequently exclude the most vulnerable people, such as the elderly or 
chronically ill people, who are subsequently more likely to suffer an ADR. 
Furthermore, sample sizes are in many cases smaller in RCTs than in 
observational studies. [49]  

Additionally, the follow up period might not be long enough in an RCT to pick 
up on all ADRs. Sometimes the ADR resembles a symptom, or a complication 
associated with the disease being treated. This being the case, it may take 
decades to detect the adverse reaction. Some studies have proposed that 
systematic reviews and meta-analyses concentrating on ADRs should not 
exclude references due to study design, and that there seem to be barely any 
differences in their ADR risk estimates. [50,51] 

 

2.2.1 Fluoroquinolone-Related Adverse Reactions

 

FQ-related ADRs can affect any part of the body but the most common adverse 
reactions are gastrointestinal and CNS (central nervous system) disturbances, 
such as nausea and headache. These ADRs are generally mild, reversible and 
resolve quickly. [52] Other ADRs including cardiac abnormalities, disrupted 
glucose metabolism, phototoxicity, tendon and joint disorders, 
hypersensitivity and skin disorders, and hepatic toxicity occur rarely. [53] 
Approximately 0.1 to 1% of FQ-related ADRs are considered serious [54]. 
Although the precise mechanism behind FQ-related ADRs remains partly 
unclear, and, while they are likely multifactorial, previous research has 
suggested that FQs not only target bacterial DNA but also human DNA. For 
example, a Finnish study from 2018  proposed that FQ-related ADRs could be 
explained by mitochondrial DNA effects due to the loss or inhibition of type II 
topoisomerase Top2β. [55] Additionally, quinolones, depending on the 
specific compound, are known to  penetrate across the blood brain barrier with
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an average of 35-50%, which might, at least to some extent, explain the CNS-
related ADRs of these drugs. [56,57] Additionally, hypersensitivity and 
immunological mechanisms have been linked to cutaneous ADRs and 
hepatotoxicity of FQs. [58,59]

Gastrointestinal reactions

The most common gastorointestinal ADRs of FQs are nausea and vomiting. 
Clostridioides difficile bacteria are resistant to several antibacterial agents and 
can thus colonize the human gut after antibacterials have altered the amount 
and proportions of the microbiota. The toxin production of the bacteria results 
in gastrointestinal illness. [60] The clinical spectrum ranges from 
asymptomatic colonization and mild disease to severe infections. Patients with 
mild symptoms can recover without treatment. Overall, the incidence of 
Clostridioides difficile infections (CDI) is 8.3/ 10,000 patient days, which has 
resulted in length of hospital stays of 3 to 22 days. [61] The risk of mortality 
due to all CDIs  ranges between 6 and 30% [62]. Severe Clostridioides difficile 
infections (SCDI) are suggested to increase the risk of mortality, with the 
severe cases of toxic megacolon carrying a mortality risk up to 57% [63]. 
Although the number of CDI cases has fallen rapidly in Finland  [64,65], the 
incidence of CDI is growing in most countries. [66]

Additionally, internal organs can be adversely affected by FQs.  ADRs affecting 
the liver can manifest from mild transient aminotransferase elevations to 
hepatitis, severe liver injuries and hepatic failure.  Although antibacterial 
agents are the most frequent therapeutic agents to be associated with 
hepatotoxicity, with amoxicillin-clavulanate being the most common culprit 
(43 cases per 100,000), FQs are not among the commonly implicated 
antibiotics regarding drug-induced liver injuries (DILI). [67,68] About 2% of 
all acute pancreatitis cases are drug induced. Some cases have been associated 
with the use of ciprofloxacin, norfloxacin and levofloxacin. [69,70] Research 
also suggests that there is a small increased risk (RR 2.16) of acute kidney 
injury with the use of oral FQs. [71]

Musculoskeletal Adverse reactions

The use of FQs has been associated with a various musculoskeletal ADRs. 
Tendon injuries, including tendinitis and tendon ruptures, particularly 
affecting the achilles tendon, are the most described, reported and familiar 
ADRs. However,  FQs can also cause cartilage, bone, and muscle effects, such 
as arthralgia, myalgia, and rhabdomyolysis. [72] Initially, tendon injuries were 
connected to norfloxacin in 1983 [73] but have since been associated with all 
FQs currently on the market. The risk of a tendon rupture due to FQs is 
approximately 15-20 per 100,000 patients. [74] Increasing cumulative doses 
is suggested to increase the risk of tendon injuries [75], with each additional 
day exposed to FQs amplifying the risk by approximately 6% [76].  Tendon 
swelling, irritation and moderate to severe pain are symptomatic of tendinitis. 
Intense pain, weakness, and deformity of the affected tendon suggest the
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possibility of a tendon rupture. While symptoms usually occur during the first 
month after starting FQs, they have been reported to become present between 
two hours to six months after the first dose. [74,77] Tendon ruptures are 
treated with immobilization and/or corrective surgery [78]. Both tendinitis 
and tendon ruptures can either heal completely or cause permanent damage 
to the tendon. Previous research has shown that concurrent use of 
glucocorticoids and chronic kidney disease are risk factors for developing FQ-
related tendon injuries [75,79]. Additionally,  age over 60 years and male sex 
pose a higher risk of tendon injuries. [74]

Cutaneous reactions

Cutaneous reactions are among the most common adverse reactions to drug 
therapies. All cutaneous reactions related to various FQs carry a prevalence 
between 0.04% and 0.37%. [80]  The risk of more severe cutaneous reactions 
associated with FQ use is very low, approximately 0.4 to 6 cases per million 
person-years [81].  The most serious drug-related cutaneous reactions are 
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN), 
which are associated with a mortality rate of 10-50%. [82,83]

Neuropsychiatric reactions

Neuropsychiatric ADRs were recognized in association with FQs already in the 
1980s. [84] The main ADRs relating to the CNS include headache and 
dizziness. ADRs, such as insomnia, restlessness, seizures, convulsions, and 
psychosis occur less frequently. [85,86] Seizures have most commonly been 
associated with the use of ciprofloxacin [87]. Additionally, case-reports linking 
the use of FQs with chronic and persistent peripheral neuropathy started to 
emerge at the turn of the millennium and further studies have backed these 
findings [88,89]. Further neuropsychiatric safety concerns have been raised 
by the association of FQs and suicidal behavior. [90]

Cardiovascular reactions

The association between FQs and cardiovascular ADRs has been a known issue 
with QT prolongation and torsades de pointes recognized as FQ-related ADRs 
early on, at first in connection with sparfloxacin in the late 1990s but soon 
encompassing others. [91-93] The array of cardiovascular ADRs of FQs has, 
however, increased in recent years. A systematic review and meta-analysis 
from 2019 found statistically significant associations between the use of FQs 
and an increased risk of arrhythmia, myocardial infarctions, and 
cardiovascular mortality. [94] Research suggests that moxifloxacin causes a 
higher risk of ventricular arrhythmia and cardiovascular mortality than other 
FQs. [95] Aortic aneurysms and dissections were first studied in a larger, 
nation-wide setting as FQ-related ADRs in a study from 2015 [96]. Pasternak 
et.al. and Daneman et.al. later corroborated that the use of FQs was associated 
with an increased risk or could contribute to aortic aneurysms or dissections 
with a hazard ratio 1.90 (1.22 to 2.96) for aortic aneurysm and 0.93 (0.38 to 
2.29) for aortic dissection. [97,98] According to a systematic review and meta-



26 
 

analysis published in 2021, the use of FQs increased the odds of aortic 
dissection (OR, 2.38; 95% CI, 1.71–3.32), aortic aneurysm (OR, 1.98; 95% CI, 
1.59–2.48), and aortic aneurysm or dissection (OR, 1.47; 95% CI, 1.13–1.89) 
when compared to patients not using FQs. [99]  

In addition, FQs have been reported to induce (severe) dysglycemia, i.e., 
hypoglycemia and hyperglycemia. The risk of dysglycemia has been 
suggested to be higher with moxifloxacin than with other FQs. [100] 

 

2.2.1.1 Withdrawals, Suspensions or Restrictions of Fluoroquinolones 

Serious concerns about FQ safety have been raised throughout the years with 
some FQs, such as grepafloxacin and trovafloxacin voluntarily being 
withdrawn worldwide from the market. [101,102] In November 2018, the EMA 
issued a review on the risk of developing serious and persistent ADRs. Since 
then, marketing authorization of medicines containing cinoxacin, flumequine, 
nalidixic acid, and pipemidic acid has been suspended, and the use of other 
quinolones and fluoroquinolones has been restricted. Overall, FQs should no 
longer be used for infections that might get better without treatment or are not 
severe, to treat non-bacterial infections (for example non-bacterial chronic 
prostatitis), for preventing traveller’s diarrhea or recurring lower urinary tract 
infections, or to treat mild or moderate bacterial infections unless other 
antibacterial agents commonly recommended for these infections cannot be 
used. [21]  

It is known that some patients are more susceptible to FQ-related ADRs. The 
identification of patients, who are more likely to experience ADRs is essential 
in order to enable modification of the intended therapy and to reduce the risk 
of an ADR [41]. Advancing age is recognized as a risk factor for ADRs due to 
the physiological, pathophysiological and psychological changes, which may 
affect the dose response and contribute to the effects of drugs. [103] With the 
use of FQs, additional caution should be exercised with people with chronic 
diseases including renal diseases, epilepsy or concomitant use of medications 
such as glucocorticoids. [104] Additionally, FQs are no longer recommended 
for patients who have an aortic aneurysm or are at risk of an aortic aneurysm, 
for example through positive family history [105]. Several alleles of HLA 
(human leukocyte antigen) genes have been suggested to predispose patients 
to ADRs [106] but none have been associated with FQ-related ADRs    While 
the role of pharmacogenomics in ADRs still requires further research, this is 
an important emerging field, especially for unexpected, dose-independent 
adverse reactions.  [13,107,108] 
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2.3 Economic Evaluation of Healthcare Interventions
 

Healthcare resources are scarce, and the costs associated with it continue to 
rise. Decision makers should allocate these resources both justly and 
rationally, with the invested resource returning the maximum amount of 
health. Decisions cannot be made based on hunches but should be backed with 
rigorous, systematic evidence. The aim of economic evaluations is to guide 
decision makers in the optimal distribution of healthcare resources. [109]

Cost-minimization analysis (CMA), cost-benefit analysis (CBA), cost-
effectiveness analysis (CEA) and a special case of CEA, cost-utility analysis 
(CUA), are considered to be the most common methods of health economic 
evaluations (Table 2). [109] The methods differ in terms of how consequences 
or outcomes are valued. In CMA, the interventions under comparison are 
assumed similar, which then allows a comparison of costs, after which the least 
expensive option is chosen. The CBA aims specifically to estimate the net 
monetary benefit, which is why both the costs and benefits are expressed with 
monetary units. In CEA, outcomes are measured using “natural single units”, 
such as life years gained through an intervention. In contrast to CEA, 
consequences are measured using utility in CUA, specifically, most often 
QALYs. [109]

 

Table 2. Methods of health economic evaluation. 

Type of Analysis Valuation of Costs Consequences Result 

Cost-
minimization  

Monetary Units Assumed to be 
equal 

Least costly 
alternative  

Cost-Benefit Monetary Units Monetary Units Net-benefit 

Cost-
Effectiveness 

Monetary Units Natural single 
Unit, e.g., LY 

Cost per 
consequence, e.g. 
LY 

Cost-Utility Monetary Units QALY Cost per QALY 
LY= life year  
QALY= quality adjusted life year 
 

Costs consist of three components: medical resources, nonmedical resources, 
and lost productivity. Direct costs consist both of healthcare costs and non-
healthcare costs borne by the society, healthcare systems, patients, or family 
members. Direct healthcare costs include all medical care costs relating to the 
diagnostics, treatment, rehabilitation of the ailment. Direct non-healthcare
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costs, on the other hand, refer to, for example, time and travel costs, informal 
care, and various household expenditures owing to the ailment. [109,110]

Indirect costs, or productivity costs, are monetary losses due to illness and 
mortality, which can be borne by the society, individuals, families, or 
employers. For example, productivity losses associated with death are 
calculated as an individual’s future contribution in a society had she/he been 
able to continue to work in full health. These costs are typically assessed with 
the human capital method (HCM) or the friction cost method. In HCM the 
costs are the present value of his or her future earnings by regarding future 
earnings as a representation for future productivity. [109] Koopmanschap 
et.al. introduced an alternative way to estimate indirect costs. The friction cost 
method assumes that productivity losses only incur during the so called 
friction period, i.e., the time needed to replace the sick worker. [111]

Intangible costs are difficult to value in monetary terms. These costs refer to 
the monetary value given to pain, suffering and discomfort suffering. They are 
seldom included in economic evaluations. [112]

There are numerous different ways to use the scarce healthcare resources. 
Opportunity costs are defined as the value of the alternative action or decision 
forgone. The choice to treat or care for one patient means a gone opportunity 
to treat or care for another patient. This trade‐off loosely characterizes the lost 
value of the best possible alternative. [113]

Economic evaluations can be conducted from various viewpoints. While it is 
possible to conduct an evaluation from an individual perspective, the most 
commonly adopted perspectives are the healthcare payer perspective and 
societal perspective. When a societal perspective is adopted in an analysis, all 
costs are considered, regardless of who bears them. This perspective provides 
the most comprehensive assessment. The perspective of an analysis should be 
determined by who is affected by the consequences [114].

Health service use in Finland consists of public, private and occupational 
healthcare visits. Finland’s publicly funded healthcare system was until the 
end of 2021 divided into three levels and consisted of primary municipal 
health centers, secondary regional hospitals, and tertiary university hospital 
healthcare. The healthcare system was organized by municipalities and 
divided into larger hospital districts. January 2022 marked the beginning of a 
healthcare, social welfare, and rescue services reform, which will transfer the 
responsibility for organizing these services from the municipal level to 21 self-
governing wellbeing services counties from the beginning of 2023 [115]. The 
private healthcare sector is much smaller in Finland and is largely funded out 
of pocket with a minor reimbursement coverage from the National health 
insurance. Additionally, employers are obliged by law to organize and fund 
occupational healthcare for employees, which can either be established in the 
municipal healthcare centers or private healthcare providers.
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2.3.1 Cost of Illness Studies 

 

Cost of illness (COI), or burden of illness studies, are considered to be the 
initial  economic appraisals made in the field of medicine and health. [112] 
Economic evaluations typically involve comparing contending health 
technological alternatives. COI studies concentrate on describing costs, and 
since the comparator is absent, they are not considered to be full economic 
evaluations. [109] However, COI studies can benefit healthcare-related 
decision making from an entirely different perspective, namely highlighting 
the economic impact. Cost of illness studies can be either prevalence or 
incidence based. The former evaluates the cost burden associated with a 
particular disease during a specific time span, whereas the latter assesses the 
costs for the continuation of the disease. [112,116] Additional criticism has 
been raised due to the fact that even if high costs are identified in the study, 
the COI does not provide sufficient information to suggest inefficiency due to 
the lack of analyzing benefits. [117] However, this study design is widely used 
and estimates are, for example, utilized in defining the magnitude of a disease 
in monetary terms, justify intervention programs, and to assist in the 
allocation of resources. [118] 

 

2.3.2 Systematic Literature Reviews 

 

The need for systematic literature reviews of health economic evidence has 
grown and is expected to continue to grow into the future as more decision 
makers  consider the value for money in healthcare. [119] The number of 
scientific publications has increased exponentially, which makes efforts to find 
reliable, current evidence challenging and time-consuming. The objective of a 
systematic literature review (SLR) is to synthesize evidence from existing 
publications in a pre-specified, transparent, and structured manner. In 
addition, SLRs aim for reproducibility.  SLRs are able to show gaps in scientific 
publications and knowledge. The results should be reported according to a 
specific set of guidelines, for example the PRISMA statement (Preferred 
reporting items for systematic reviews and meta-analyses), in order to allow 
readers to assess the strengths and weaknesses of the study. [120,121] The 
PRISMA statement is a structured checklist developed to ensure that all 
aspects of systematic reviews and meta-analyses are accurately and 
transparently reported.  Meta-analysis becomes a possibility if the quantitative 
outcome measures are similar. It is  In meta-analyses statistical methods are 
used on estimates from two or more different studies to form a pooled 
estimate. [122] Outcomes of interest in a meta-analysis  include more precise 
estimates of the effects of treatments or risk factors for diseases, which cannot 
be obtained in smaller studies. [123] 
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2.3.3 Modeling in Health Economic Decision Analysis

 

Clinical trials might not compare all valid interventions, last long enough, or 
do not include all the relevant inputs for cost analyses. The use of various 
decision analytic models has increased in health economics. The aim in this 
kind of research is to provide a comparison of the expected costs of different 
outcomes by synthesizing data from several sources and applying 
mathematical modeling techniques, of which the decision tree and Markov 
model are the most utilized (Figure 2.). [124,125] 

 

 

Figure 2. Decision analytic model examples.  The decision tree model (left) and 
Markov model (right). 

 

The decision tree is often considered to be the simplest method of decision 
analytic modeling. [109,126] Decision tree models begin on the left with a 
square decision node representing an alternative. The model continues to 
different circular chance nodes presenting further possibilities. As the decision 
tree progresses from left to right, nodes separate the tree into branches 
assigned with probabilities (P). These are mutually exclusive and always add 
up to 1, since at each node there is a 100 per cent probability that an alternative 
will occur. Finally, the pathway ends with estimated outcomes, which are 
presented after a triangular terminal node. To determine the probability of 
each alternative, published literature on risks  is utilized as sources. [110]

The Markov model uses disease states to represent all possible consequences 
of an intervention. The use of Markov modeling in decision analysis allows for
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a more flexible and often accurate sequencing of outcomes, including 
recurring outcomes, over time. [127,128] There is a general agreement that 
costs and benefits that occur at different times should not be weighted in the 
same manner. Therefore, discounting is used as a method to adjust future 
costs and outcomes of health-care interventions to present value. [129] If the 
time horizon in the model is less than a year, or is not specified, which is often 
the case with decision trees, discounting is not done. 

 

2.3.4 Dealing with Uncertainty 

 

Since economic evaluations of healthcare interventions are rarely conducted 
alongside clinical trials, and data is more likely to be synthesized from several 
sources, commonly used statistical methods cannot be utilized. [130] Models 
are a simplification of reality and contain uncertainty regarding model 
parameters, heterogeneity between patients and methodology.  The outcomes 
of the decision analytic model are tested with sensitivity analysis. Sensitivity 
analyses can be either deterministic or probabilistic. [131] Of the former, one-
way sensitivity analyses allow for the assessment of impact on the output 
parameter when a single input parameter is change. This  is the traditional and 
most popular method of sensitivity analysis [132]. An extreme scenario 
analysis involves setting each variable simultaneously to take the most 
optimistic (or pessimistic) value in order to generate a best (or worst) case 
scenario. In contrast to modeling,  real life parameters do not vary in isolation, 
nor are they perfectly correlated, which indicates that  the most optimistic 
values in the sensitivity analyses will probably underestimate, and extreme 
scenario analysis overestimate, the uncertainty associated with the results of 
economic evaluation. [130] In probabilistic sensitivity analysis, uncertain 
parameters are assigned probability distributions and are not treated as fixed 
values. This analysis often takes the form of Monte Carlo simulation.  
Probabilistic sensitivity analysis requires heavy computing, as a large number 
of iterations are run, to allow for the output distribution to become more 
definable and stable. [133-135] 

 

2.3.5 Compensation of Pharmaceutical Injuries 

 

A pharmaceutical injury is defined as any bodily illness or injury or a 
psychiatric disease likely to result from a pharmaceutical taken by the injured 
party. In Finland, patients, who suffer a pharmaceutical injury are entitled to 
compensation, if a causality can be detected between the pharmaceutical and 
the resulting injury and the injury fulfils the terms and conditions of the 
pharmaceutical injury insurance. Pharmaceutical injury compensations are 
determined by applying the provisions contained in Finland’s Tort Liability 
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Act and the guidelines issued by the Traffic Accident Board. [136]  Similarly, 
in other Nordic countries Sweden, Norway and Denmark, Finland has had a 
no-fault compensation system. In contrast to blame-oriented systems, no-
fault liability based on the ADR being a causative factor in the resulting injury, 
irrespective of who is to blame.

The Finnish Co-operative for Pharmaceutical Injury Indemnities has taken out 
a pharmaceutical insurance for its members, which are manufacturers, 
importers or researchers of pharmaceuticals based in Finland. Including 
clinical trials in the compensation scheme is a rarity relatively unknown 
outside Denmark and Finland. [137] The claims process of pharmaceutical 
injuries has changed during the last decade. The Finnish Pharmaceutical 
Insurance Pool was responsible for insurance claims associated with 
pharmaceutical injuries from 1984 to 2011, but now only accepts new notices 
of injury associated with the Pandemrix vaccination from 2009. From the 
beginning of 2012, the Finnish Mutual Insurance Company for 
Pharmaceutical Injury Indemnities has been responsible for the insurance, 
claims handling and compensation regarding new pharmaceutical injuries.

In order to be compensated for pharmaceutical damage, several criteria must 
be fulfilled. The first step is to establish the probable causal link between the 
use of the medicine and the resulted pharmaceutical injury. Causation is 
evaluated based on medical publications and adverse reaction databases and 
aggregates based on them. In addition, the current information on medical 
databases is sought. The final evaluation of causation uses a five-step scale:

(1) Highly probable or maximum medical certainty of causation, where there 
are no other probable causes, or they are very unlikely.

(2) Several possible causes of the pharmaceutical injury but this cause is the 
most probable cause.

(3) There are many possible causes of possible damage, and this cause is not 
any more probable than others.

(4) Unlikely to be a probable cause.

(5) Very unlikely to be a probable cause.

The highly probable and most probable causality meet the requirement for a 
pharmaceutical injury that can be compensated. [138]

 

The pharmaceutical injury insurance system is a secondary compensation 
system and only compensates patient costs relating to pharmaceutical injuries 
that are not covered by other institutions, for example the social insurance 
institution of Finland. The compensation costs include excess health care and 
travel costs, temporary incapacity compensation (pain and suffering), 
permanent functional and cosmetic incapacity, loss of income and loss of life 
compensation. However, the pharmaceutical insurance will not cover injuries 
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arising from essential medical risk-taking when caused by a drug used for 
treating a life-threatening illness or disability, for example cancer. If the 
claimant is not satisfied with the decision of insurance company, they are 
entitled to appeal and request a correction from the company or request a 
recommendation for settling the case from the Finnish Financial Ombudsman 
Bureau (FINE). A similar arrangement is in place in the Patient Injury Centre, 
which handles all patient injury claims concerning medical treatment and 
health care in Finland [139]. The Finnish Mutual Insurance Company for 
Pharmaceutical Injury Indemnities receives an average of 200 pharmaceutical 
injury claims each year, of which approximately 50% are compensated. 
Antimicrobial agents along with nervous system drugs constitute the largest 
amount of reported pharmaceutical injuries (Figure 2). [140,141] 

 

 

Figure 3. Most commonly reported pharmaceutical injuries and their  
anatomical therapeutic chemical (ATC) classification. [141] 

 

In developed countries a variety of civil laws enable patients to sue 
pharmaceutical companies, hospitals, and physicians in order to receive 
compensation for ADRs. However, it is up to the patient to prove the causality 
of the drug and the fault of the defendant, which may prove to be difficult. 
[142] Furthermore, the EU directive concerning liability for defective products 
(Directive 85/374/EEC) is now seen to favor the pharmaceutical industry’s 
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interests, contrary to the original tenet of the directive. [143,144] The 
introduction of similar no-fault compensation schemes to those in place in the 
Nordic countries has been considered outside this region but, as yet, deemed 
too difficult an undertaking, for example in the United States [145].  

2.3.6 Economic Impact of Adverse Reactions

 

Several studies have estimated the prevalence of all ADRs requiring 
emergency department (ED) visits to be around 6 to 10% of all ED visits. [146-
149] This makes ADRs an important clinical and economic issue. An estimated 
5% of hospitalized patients suffer from ADRs, the risk increasing with the 
number of drugs consumed. If an ADR occurs during a hospital stay, it tends 
to prolong hospitalization by approximately two to three days. [150-152] In the 
United States, the annual economic burden of inpatient ADRs has been 
estimated to be 4.4 billion euros. [152]

No specific guidelines are in place to estimate ADR- related costs, which is why 
estimates vary. According to a report covering the costs of unsafe care, costs 
due to ADRs have varied between 0.2% and 6.0% of the total health 
expenditure in Europe. [43]

The cost of inpatient ADRs has been estimated periodically, and the estimates 
fluctuate even within individual studies. [43] Cost estimates relating to the 
economic burden of outpatient AEs have been more infrequent. According to 
a Swedish  population-based survey of costs of a self-reported ADR ranged 
from 415 to 1180€. [153] Approximately 45% of ADRs occurring in 
hospitalized patients are considered to be preventable [154].

Estimates on the prevalence of fatal ADRs have varied. According to a meta-
analysis from 1998, it was estimated that 106,000 patients in the United States 
have had fatal ADRs, making these reactions a significant cause of death. [155] 
A study from 2016 suggests that there is little difference between the ADR-
related mortality in developed and developing countries (1.7% and 1.8%, 
respectively). [156] The risk of mortality associated with ADRs developing 
among hospitalized patients during hospitalization is 0.11%. [157]  According 
to Finnish estimates, 3% of deaths among hospitalized patients were classified 
as certainly or probably drug related with an additional 1.4% as possibly drug 
related. Overall, the mortality risk due to an ADR was  0.02% for all hospital 
admissions. [158]

These estimates carry uncertainty and may underestimate the amount and 
impact of ADRs. There is no data source that is valid or reliable on its own to 
assess ADR risks.  Preclinical testing, clinical trials, and postmarketing 
surveillance all have limitations in their ability to identify ADRs, especially 
rare adverse reactions [5]. A systematic review assessing possible 
underreporting of ADRs in published and unpublished literature found that
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the median percentage of published articles concerning ADRs was 46% in 
comparison to 95% in the corresponding unpublished articles, which suggests 
the presence of publication bias in this research field. [159] Similar findings 
were obtained in a study assessing the Cochrane Database of systematic 
reviews. [160]  

 

2.3.7 Further Economic Considerations Associated with Fluoroquinolones

 

Antibacterial agents remain an important part of modern medicine by 
successfully preventing and treating infections. Since the discovery of 
penicillin in 1928 and the ensuing introduction, mass production, and 
distribution of other antibiotics during the previous century, the subsequent 
overuse of these drugs has led to an increasing number of drug resistant 
microbes. [161] Antibiotic resistance is as least as growing a problem among 
FQs, as with other antibacterial agents. Bacterial mutations in genes coding 
DNA gyrase and topoisomerase IV are considered to be the main reasons 
behind FQ-related resistance [162]. Multi-drug resistant bacteria are 
recognized as one of the most significant threats to the future of human health. 
With growing resistance rates many infections may prove fatal with cancer 
treatments and surgical procedures more difficult to carry out. [163] The CDC 
has listed three urgent bacterial threats to human health: Carbapenem-
resistant Acinetobacter and Enterobacterales, Candida auris, Clostridioides 
difficile, and Drug-resistant Neisseria gonorrhoeae. [164]

The cost of antibiotic resistance was estimated to be 52.3 billion euros ($55 
billion) per year in the United States [165] According to the report, more than 
2.8 million antibiotic-resistant infections occur in the United States each year, 
and more than 35,000 people die as a result. In addition, 223,900 cases of 
Clostridioides difficile occurred in 2017 and at least 12,800 of these patients 
died. In addition to human consumption, FQs are globally in wide use in 
veterinary and animal husbandry practices, which, in turn, accelerates 
antibiotic resistance. [166,167] Additionally, according to a collaborative CDC 
study from the external icon, the estimated national cost to treat infections 
caused by six multidrug-resistant germs in the United States identified in the 
report and frequently found in health care can be substantial—more than 4.4 
billion euros ($4.6 billion) annually. [168,169]

Globally, a scenario concerning the economic impact of antibiotic resistance 
on global economic output is projected to be 1.0% lower by 2030 and 1.1% 
lower by 2050, according to the most optimistic scenario.  In the most 
pessimistic antibiotic resistance scenario, global economic output would be 
3.2% lower in 2030 and 3.8% in 2050. [170]

FQs have also become one of the drug-related contaminants in various 
wastewater systems, waste or sewage dumps and are not completely removed
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during the treatment processes. [171] FQs enter the environment through 
untreated wastewater, human and animal excreta, or through direct discharge 
of aquaculture products. [172] Research has shown that the urban wastewater 
resistome (i.e. all of the antibiotic resistance genes of the pathogenic or non-
pathogenic bacteria [173]) is similar to the clinical patterns of antibiotic 
resistance and even after wastewater treatment the burden remains higher in 
southern Europe [174]. According to a study by the University of York, FQs 
were the antimicrobial compounds that most frequently exceeded levels that 
were considered safe in 51 places [175].
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3 AIMS OF THE STUDY 
 

The objective of this study was to estimate the economic impact of FQ-related 
adverse reactions. Specific aims for this study were: 

1) To systematically review FQ-related adverse reaction health service use 
and costs according to internationally published literature (study I) 

2) To assess the costs and health service use associated with FQ-related 
tendon injuries during 2002-2012 from a societal perspective in 
Finland (study II) 

3) To estimate the costs and mortality associated with serious FQ-related 
ADRs in Finland (study III)  
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4 MATERIALS AND METHODS 
 
This thesis consists of three studies, where three different research methods 
were applied. The below table (Table 3.) depicts methodological choices made 
in the original publications. 

 

Table 3. Methodological choices and data in the original publications. 

Original 
Publication 

Research 
Method 

Sources of 
data, years 

Study 
Population 

FQ-related 
adverse 
events or 
adverse 
reactions 

Costs 
Measured 

Study I Systematic 
Review 

Published 
literature, until 
April 2017 

Adults Dysglycemia, 
CDI, Liver 
injury or 
hepatitis, 
Seizures, 
Cutaneous 
AEs 
 

Direct 
healthcare 
costs, when 
reported 

Study II Observational 
COI Study 

Pharmaceutical 
Injury 
Insurance 
Claims: 2002-
2012 

Finnish 
adult 
claimants 
with FQ-
related 
tendon 
injuries 

Tendon 
injuries 

Direct 
costs, 
indirect 
costs 

Study III Modeling 
COI Study 

Pharmaceutical 
Injury 
Insurance 
Claims: 2002-
2012, Finnish 
Medicines 
Agency’s 
Adverse 
Reaction 
Register, 
published 
literature  

Finnish FQ 
Prescription 
holders in 
2008-2019 

SCDI, Liver 
injuries, 
Tendon 
injuries, 
Aortic 
ruptures, 
SCAR 

Direct 
healthcare 
costs 

COI= cost of illness 

SCDI= severe Clostridioides difficile infection 
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4.1 Materials and Methods of the Systematic Literature Review 
(I) 
 

4.1.1 Literature Review 

 

A systematic literature search was performed in April 2017 covering Medline, 
SCOPUS, CINAHL, Web of Science and Cochrane Library. A library 
information specialist was consulted in forming the search strategies, which 
consisted of search terms relating to FQs, AEs, health service use and costs. 
The Web of Science -database search included several conference papers, 
which could be used to find unpublished literature and reduce publication 
bias. Finally, literature references of the included articles were sourced to 
identify potentially relevant articles. In this SLR, AEs were defined as medical 
occurrences temporally associated with the use of a medicinal product, but not 
necessarily causally related. A serious adverse event, on the other hand, was 
defined as any untoward medical occurrence that at any dose either results in 
death, is life threatening, requires inpatient hospitalization or prolongation of 
existing hospitalization or results in persistent or significant disability or 
incapacity. Health service use was referred to as services provided to 
individuals or communities by health service providers for the purpose of 
promoting, maintaining, monitoring or restoring health [176]. Costs presented 
in this study comprised resources consumed due to health service use.    

 

4.1.2 Study Selection 

 

Only literature references that met pre-designed PICOS (patients, 
intervention, control, outcome, setting) criteria were included in the review. 
[122] The inclusion and exclusion criteria are depicted in table 4. 
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Table 4. Inclusion and exclusion criteria for the included studies in study I. 

 Inclusion criteria Exclusion criteria 
Patient 
 

Adults (≥ 16-year-old patients) Children (< 16-year-old patients) 
Animals 
 

Intervention 
 

Single systemic use of levo-, 
cipro-, moxi-, nor- or ofloxacin 

Other intervention, FQ as a part of 
combination therapy or not 
systemic use 

Comparison 
 

Other intervention, placebo, no 
comparison 

- 

Outcome Levo-, cipro-, moxi-, nor-, 
ofloxacin-related AE resulting in 
health service use and/or costs 

No reported levo-, cipro-, moxi-, 
nor-, ofloxacin-related AE health 
service use and/or costs 

Study design 
 

RCT, observational studies 
 

Case reports, case series 
Published only as abstract 
No English full text 

 
 

 

4.1.3 Data Extraction and Synthesis 

 

Two separate data extraction tables were made in Microsoft Excel. At first, the 
practicality of the tables was tested with eight articles, after which minor 
adjustments were made regarding the reporting mortality. Both reviewers (LS, 
KV) filled in both tables independently. Discrepancies were possible to be 
resolved by a third author (MB). The first table contained characteristics of the 
included studies, such as authors, publication years, aims, patient details, 
study designs, durations, follow-ups, funding details and publications. The 
second table summarized results covering specifics of the fluoroquinolone 
associated with the adverse event, adverse event types, health service use, 
length of hospital stay, AE costs and possible mortality.  

 

4.1.4 Quality Assessment 

 

Finally, the quality of the included studies was assessed according to the 
STROBE checklist for observational studies, which is a 22 item checklist that 
guides in the reporting all the sections of an observational study. [177] The 
studies were awarded scores, which are presented in percentages. Two 
reviewers (LS, KV) assessed the quality of the included studies independently. 
The level of agreement between the reviewers was 93%. 
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4.2 Material and Methods of the Retrospective Observational 
Study (II) 

 
4.2.1 Estimating Direct Costs and Health Service Use 

 

In study II, the costs of FQ-related tendon injuries were evaluated from the 
Insurance Pool’s compensated insurance claims from 2002 to 2012. FQ-
related tendon injury costs were borne by the Social Insurance Institution of 
Finland, municipalities, employers, patients, and the Finnish Pharmaceutical 
Insurance Pool. Direct societal costs of an FQ-related tendon injury episode 
were the primary outcome variable of the study, while other outcomes of 
interest included the amount of outpatient visits to primary and private 
healthcare, visits to secondary and tertiary care, hospital days, rehabilitation 
and their costs, in addition to travel costs. Besides direct tangible costs, 
intangible costs consisting of temporary and permanent incapacity 
compensation and time costs were quantified and added to direct costs. 
Outpatient visits and hospitalizations were valued with the unit costs of social 
and health care services in Finland. [178-180] The different levels of hospitals 
(primary health centers, secondary central hospitals, and tertiary university 
hospitals) were considered when evaluating costs from clinic visits and 
hospital admissions. 

 

4.2.2 Assessing Travel and Time Costs 

 

Travel costs were quantified by calculating the distance to the used health 
service providers and multiplied by the Finnish Tax Administrations annually 
defined kilometer allowance. [181] Time costs comprised the time spent 
travelling to the health care facility, the time receiving treatment and waiting 
time. The estimate represents the age-specific value of lost time or opportunity 
costs. The estimates of time costs are based on Finnish approximations, which 
were adjusted to 2017 euro with the index of wage and salary earnings. [182]  

 

4.2.3 Evaluating Lost Productivity 

 

Indirect costs of the employed claimants were estimated according to the 
friction cost approach. These costs accounted for the loss of productivity due 
to FQ-related tendon injuries during a friction period when a substituting 
employee was searched to replace the injured employee. The average friction 
period in hours was multiplied by the average hourly loss productivity estimate 
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based on the Statistics Finland’s average earnings and average social costs paid 
by the employer. Due to the lack of salary information in the Pharmaceutical 
Injury Insurance data, an average Finnish earnings were selected. The friction 
period was estimated from Statistics Finland’s Employment service statistics 
and following Tan et. al. [183] an additional four-week period was added to 
estimate the time employers require to decide to open a vacancy. Due to 
elasticity between labor time and labor productivity, we applied a 0.8 elasticity 
measurement to indirect costs, as suggested by Koopmanschap et. al. [111]  

 

4.2.4 Statistical Analyses

 

Many of the claimants had low costs and few clinic visits or hospital days. On 
the other hand, a small portion of claimants had very high costs, many clinic 
visits and long hospital stays. These factors led to cost and health service use 
data being skewed. Since there was a high occurrence of no hospital days in 
the dataset, a two-part model was built with R (version 3.6.2.) to predict 
hospitalization and the length of hospital stay. A similar two-part model was 
first used by Rosenqvist & Strandvik [184] and later on, for example by Hyrylä 
& Sintonen and Arinen et al.  [185,186] Additionally, two generalized linear 
models (glm) were built to estimate the association of tendon ruptures and 
specifically bilateral ruptures with patient characteristics. Several subgroup 
analyses were done to various subsets of claimants, so that their age, gender, 
use of oral glucocorticoids, the number of co-morbidities, or the 
fluoroquinolone derivative used could be taken into account.  

 

4.3 Material and Methods of the Modeling Study (III)
   

4.3.1 Sourcing Data and Model Assumptions

 

In study III, serious FQ-related adverse reaction types were identified from 
the Finnish Pharmaceutical Insurance Pool’s pharmaceutical injury claims 
and the Finnish Medicine Agency’s Adverse Reaction Register, which were 
available from 2002 to 2012, except for aortic ruptures, which were yet to be 
recognized as FQ-related ADRs. Tendon injuries, SCDI severe cutaneous 
adverse reactions (SCAR), acute liver injuries and aortic ruptures were 
included as serious ADRs in the model. Data on aortic ruptures was obtained 
from studies by Aber et al. and Mäklin et al. [187,188]. The model was 
developed according to the good practice guidelines and checklist for 
modeling in health technology assessment suggested by Philips et al. [189]. 
Similar models in connection to ADR costs have previously been utilized, for
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example by Johnson and Bootman [190], and more recently, by Watanabe et  
al. [191] 

Estimates of direct healthcare costs associated with serious FQ-related adverse 
effects in Finland of a 12-year period from 2008 to 2019 were based on the 
number of reimbursed FQ prescriptions collected from the Social Insurance 
Institution of Finland’s database. The numbers of prescriptions were 
multiplied by the probability of a serious ADR and the estimated cost of a 
single serious FQ-related ADR episode. Mortality estimates were calculated by 
multiplying estimated risk of mortality due to ADR with the number of 
reimbursed FQ prescriptions. FQs prescribed in the study comprised 
ciprofloxacin, levofloxacin, moxifloxacin, ofloxacin and norfloxacin.  

The decision tree model was built with TreePlan® Decision Tree Add-in for 
Excel [192], a specific software program for Microsoft Office Excel, in order to 
estimate costs and mortality associated with serious ADRs. 

In this study the following assumptions were made in the model:   

1. FQs are not distinguished from one another in the model as their ADR 
profile is assumed to be similar. 

2. All patients were hospitalized due to serious ADRs and required follow 
up health service use. 

3. Absolute risks were drawn from literature and assumed similar, 
although they may vary in different countries due to genetic factors, 
study designs and healthcare systems. Additional confounders in the 
model are possible comorbidities, polypharmacy, duration, and dose of 
FQs, and use of multiple antibiotics. 

4. Data for serious ADR costs and health service use were available from 
2002 to 2012 and it was assumed that treatment guidelines matched 
the FQ-prescription period from 2008 to 2019.   

 
 
4.3.2 Probability 

 
Model pathway probabilities of developing SCAR, SCDI, tendon ruptures, liver 
injuries or aortic ruptures after FQ use were derived from published studies 
containing absolute risks. When it was possible, populations closest to the 
Finnish population were favored among published probability sources. The 
most realistic estimates found were chosen as the base case estimates [129]. 
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4.3.3 Handling Uncertainty 

 

Due to the varying estimates of serious FQ-related ADRs and mortality 
incidence based on published literature sources, the decision tree model 
contains uncertainty about the exact probabilities used as base case inputs. 
[130] To deal with parameter uncertainty in the model, sensitivity analyses 
were performed to assess their impact on direct healthcare costs and ADR-
related mortality. The lowest probability for an ADR generated the best- and 
highest probability yielding the worst-case scenario, respectively. Sensitivity 
analyses were presented graphically in association with each serious ADR 
included in the model.   
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5 RESULTS

5.1 Results of the Systematic Literature Review (I)

5.1.1 Literature Search and Study Selection

The systematic literature search performed in April 2017 yielded 4,454 unique 
references (Fig 3). The initial screening based on titles excluded 4,217 
references. 220 full-text articles did either not meet the inclusion criteria 
(n=208 studies), were found to be duplicates (n=8) or lacked an English 
language full-text (n=4). After two additional studies were found in literature 
references, a total of 19 studies were included in this systematic review.

Figure 4. Flowchart of the study selection in the systematic review (study I).
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5.1.2 Adverse Events, Costs and Health Service Use

 

AEs depicted in the included studies can generally be defined as serious, since 
hospitalization was the most frequently reported AE-related health service 
use. Hospitalization occurred in a total of 17 studies ([100,193-208]). 
Hospitalization was required in all CDI -cases and serious cutaneous AEs. The 
precise number of hospitalized patients was not detailed in the included 
studies. Death was a reported outcome of AEs in several studies 
([193,197,200,203,206-208]). However, in the included studies, none of the 
fatalities could be directly associated with the use of FQs. FQ-related 
cutaneous AEs were highlighted specifically in studies of Asian origin 
[201,204,208].

Emergency department (ED) visits were reported as health service use in four 
studies ([100,194,209,210]. Length of hospital stay was reported in 10 studies 
([100,193,195,197,201,203,205-208]) and varied between <5 and 45 days. 
Long hospital stays were particularly associated with CDI.

AE-related costs were evaluated and reported in only five studies 
([196,198,203,206,209])and the disparity between estimations was 
significant. There was considerable variation among estimations of AE episode 
costs within some individual studies. The cost of an AE-related episode varied 
in this systematic review between 140 and 18,252 €. In this systematic review, 
the highest reported health care costs were associated with CDI, and costs 
associated with other AEs were not specified. None of the included studies 
reported travel or time costs, indirect costs or specified the payer.

Levofloxacin [100,193-201,207,209] and ciprofloxacin [100,193,195-
197,199,204,206-208,210] were the most frequently used FQs in the included 
studies (Table 3), with both being included in 12 studies. In these studies, 
levofloxacin was associated with the widest spectrum of AEs, including 
dysglycemia, CDI, hepatotoxicity, diarrhea, altered mental status, rash and 
thrush. AEs associated with ciprofloxacin included dysglycemia, CDI, 
hepatotoxicity, hepatitis, Steven Johnson Syndrome (SJS), acute generalized 
exanthematous pustulosis, increased prothrombin complex, seizures, 
diarrhea, rash and fever. Moxifloxacin was included in four studies 
[100,193,194,197] and associated with dysglycemia, CDI and hepatotoxicity. 
Norfloxacin [202] was present in one study and linked to hepatitis. Ofloxacin 
use was reported in five studies [201,204-206,210] and linked to an epileptic 
seizure, urticarial lesion, fixed cutaneous drug effect, exfoliative dermatitis, 
angioedema and photodermatitis.

Among the included studies, norfloxacin and ofloxacin were associated with 
the least reports of health service use and costs. Conversely, levofloxacin and 
ciprofloxacin, the most frequently considered FQs, garnered the most 
reporting of AEs, health service use and costs.
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5.1.3 Quality of the Included Studies

The results of the quality assessment of the included studies according to the 
STROBE checklist are illustrated in Figure 4. The included studies scored an 
average 19.74 and median 20 (range 10 and 27) points out of 34 total points. 
The weighted average rating was 65% (range 36-84%). Although the scores are 
relatively high, some inadequacies were apparent in reporting. Only six studies 
described efforts to address potential sources of bias [100,193-195,197,199]
Two studies provided an explanation for the population sample size [195,205]. 
Seven studies failed to report the funding of the study [201,202,204,206-
208,210]. The case-controlled observational studies all reported the source of 
research funding but otherwise there was no difference in the results of the 
quality assessment regarding study design.

Figure 5. Quality assessment of the studies included in the systematic review 
(study I).

5.2 Results of the Retrospective Observational Study (II)

5.2.1 Study Population and Adverse Events

The study population included 145 claimants aged ≥18 years with tendon 
injuries classified as either tendinitis (n=52) or tendon ruptures (n= 93) after 
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the use of fluoroquinolones. All claimants included in the study had been 
awarded compensation. Claimants excluded from the study (n=39) had either 
claims unrelated to tendon injuries or had not been awarded compensation. 
Sixteen percent of the included claimants (n=23) suffered from bilateral 
ruptures. Ninety-nine of the claimants were men and 46 were women and their 
average age was 66.8 years (range 21-87). Tendon injuries were reported in 
connection with levofloxacin (121 cases, 83%) ciprofloxacin (13 cases, 9%), 
norfloxacin (7 cases, 5%), moxifloxacin (2 cases, 1%) and ofloxacin (2 cases, 
1%). Over half of the claimants were originally treated with FQs for respiratory 
infections. Co-morbidities were common and only 10% of the claimants did 
not have a pre-existing health condition, while 45% had been diagnosed with 
a chronic lung disease. A total of eight claimants died during the compensation 
claim process. Claims were filed from all Finnish hospital districts. In this 
study 97% of the injuries were associated with Achilles’ tendons. Other 
affected tendons included those of the quadriceps and tibialis posterior 
muscles and the rotator cuff. Tendon injuries occurred on average within three 
weeks of the first dose of FQs (median 10 days) but ranged between 24 hours 
and 20 years. 

 

5.2.2 Costs and Health Service Use 

 

The estimated average direct societal cost of a FQ-related tendon injury 
episode per claimant, including incapacity compensation, was 14,800€. 
Without incapacity compensation, an FQ-related tendon injury amounted to 
8,744€. The total direct costs associated with FQ-related tendon injuries 
among claimants was 2,146,057€. In this study, hospitalization was the 
costliest form of health service use. The claimants frequently visited a primary 
care facility (331 visits) and rehabilitation, such as physical and lymphatic 
drainage therapy (686 visits). The averages of health service use and costs are 
presented in Table 5. Of all the claimants, 74 (51%) were evaluated to have 
permanent tendon injuries due to FQ use, and 74 (51%) claimants were 
hospitalized, with an average duration of hospitalization of 21 days (range 1-
87). Tendon ruptures (n=93) were most often treated conservatively (equinus 
cast for 3 to 9 weeks), while 33 (23%) claimants’ tendon injuries were treated 
with surgery. 

Fourteen percent (n=20) of the claimants were employed at the time of their 
FQ-related AEs and the Insurance Pool compensated losses of income due to 
FQ-related tendon injuries in the case of six claimants, who were aged 39-66 
years, which amounted to an average cost of almost 50,000€. In one case, the 
tendon injury led to permanent disability pension payments. Sick leave data 
was available for 16 claimants, whose sick leave lasted for an average of 78 days 
(range 1 – 331 days).  



49 
 

The average productive work time of an employee in Finland is estimated to 
be 7.25 hours per day, 5 days a week. The friction period was estimated from 
Statistics Finland’s Employment service statistics [211] and following Tan 
et.al., an additional four week period, which was added to estimate the time 
employers require to decide to open a vacancy [183].  The estimated friction 
period was thus 8+4 weeks, which amounted to 12 * 5 * 7.25 productive hours, 
i.e., 435 hours. The average loss of productivity cost estimate was 
26.08€/hour. As a result, the indirect costs of a friction period would have 
amounted to 11,346€. When these costs were multiplied by the elasticity 
measurement 0.8, indirect costs of an FQ-related tendon injury for an 
employed person amounted to 9,077€ per episode. 
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Figure 6. The distribution of length of stay among claimants in study II. 

 

5.2.3 Statistical Analyses 

 

Dichotomous and continuous independent variables were included in the 
model to determine the impact of known risk factors, AE severity and AE year 
on hospitalization. As approximately half of the claimants had no hospital 
days, as shown in Figure 5, and the data exhibited over dispersion, a two-part 
model was built to combine the presence of excess zeros and the negative 
binomial distribution of counts in the data. The first part, the binomial logit 
model, predicted the probability of no hospitalization for all claimants 
(n=145). The second part, a zero-truncated negative binomial model, 
predicted the length of hospital stay for those claimants (n=74) who had at 
least one day of hospitalization. Negative and positive coefficient estimate 
variation is explained by the logit model modeling the probability of zero and 
the zero-truncated modeling a positive count.  

The results of the two-part model indicated that claimants who had a tendon 
rupture had significantly smaller odds to avoid hospitalization that those with 
tendinitis (logit model OR=0.3044, p= 0.00316) as well as a 4.063 time 
increase in length of hospital stay (zero-truncated model IRR=4.063, 
p=0.000053), given that the other variables are held constant in the model. 
Additionally, advancing age and having co-morbidities made claimants more 
likely to have longer hospital days or less likely to avoid hospitalization, 
respectively. The prescribed FQ, use of oral steroids or the claimant’s gender 
had no significant influence on hospitalization in this model. Norfloxacin was 
used as a reference variable in categorizing FQs. Changing the reference FQ 
did not alter the results. 
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The subgroup analyses performed were consistent with the results of the above 
models. Claimants with tendon ruptures required a mean of 15 days in 
hospital, and their total direct costs amounted to an average of 19,183€, 
whereas claimants with tendinitis were hospitalized less frequently, for an 
average of 2 days and with an average direct cost of 6,963€. Bilateral tendon 
ruptures (n=23) were the costliest subgroup. These claimants required 
hospitalization for an average of 25 days and their total direct costs averaged 
25,731€. There were no substantial differences between males and females, 
different ages, treatment options or AE years. However, claimants with co-
morbidities had on average 11 hospital days in comparison to healthy 
claimants who had only two hospital days. Figure 6 depicts the impact of 
tendinitis, in addition to single and bilateral tendon rupture on the amount of 
hospital days and total direct costs. 

 

Figure 7. The impact of tendinitis and tendon rupture on hospital days and 
total direct costs in study III. 

 

The glm logit models built to predict tendon ruptures among the claimants 
showed that increasing age slightly and taking oral glucocorticoids more 
prominently increased the odds of suffering a tendon rupture (OR=1.035 and 
OR=2.55, respectively) as opposed to tendinitis (Table 6). Further analysis 
showed that the impact of concomitant oral glucocorticoid use was more 
substantial among claimants with bilateral tendon ruptures (OR=3.98, 
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p=0.00808). The number of co-morbidities, the prescribed FQs, AE year and 
claimant gender were not statistically significant in statistical analyses. 

 

Table 6. Analysis of patient characteristics’ association with tendon ruptures 
in the 145 claimants who received compensation for fluoroquinolone induced 
tendinitis or tendon rupture based on the Finnish Pharmaceutical Insurance 
Pool’s pharmaceutical injury claims 2002-2012. 

 
Variable 

Estimate 
±Standard Error 

p-value OR 
(95% CI) 

AE year -0.0732 
±0.0716 

0.3067 0.929  
(0.806-1.07) 

Male Gender 0.52851 
±0.4399 

0.2296 1.67  
(0.715-4.05) 

Age 0.03504   
±0.0172 

0.0421  1.035  
(1.002-1.072) 

Use of Oral Steroids 0.93709 
±0.4125 

0.0231  2.55  
(1.16-5.89) 

Use of Levofloxacin -0.4227 
±0.9344 

0.6510 0.655  
(0.095-4.08) 

Use of Ciprofloxacin -0.91659 
±1.0877 

0.3994 0.399  
(0.044-3.34) 

Use of Moxifloxacin -0.5060 
±2.1187 

0.8112 0.603  
(0.009-4.164) 

Use of Norfloxacin Reference Reference Reference 
Use of Ofloxacin 14.17927 

±902.301 
0.9875 NA  

(4.23e-55-NA) 
 

Number of Co-
morbidities 

0.1419 
±0.169 

0.4003   1.15  
(0.835-1.62) 

Intercept  144.508 
±143.51 

0.3139 5.74e+62  
(4.79e-60 2.91e+186) 

 

 

5.3 Results of the Modeling Study (III) 

 
5.3.1 Fluoroquinolone Prescriptions 

 

1,831,537 FQ prescriptions were filled between 2008 and 2019. During the 
twelve-year observation period, the number of FQ prescriptions fell by 40% 
from 2008 (n=184,369) to 2019 (n=79,926), peaking at 195,806 in 2011. In 
Finland, the number of FQ prescriptions has declined consistently along with 
all antibacterial prescribing. [4] The declining number of FQ prescriptions has 
meant that both total medication costs and ADR costs have significantly fallen 
since 2008. However, policy changes have also taken place to restrain rising 
medication costs for both patients and the society. Key changes have included 
the implementation of generic substitution in 2003, which was complemented 
with the reference price system, introduced in 2009. [212] 
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5.3.2 Costs and Mortality 

 

Cases, mortality, and costs associated with FQ-related serious ADRs are 
dependent on the amount of FQs prescribed. With these model inputs, serious 
ADRs associated with FQs led to a total healthcare cost of 501,938,402 € 
during the 12-year period according to baseline probability estimates. The 
model pathway for serious ADRs is depicted in Figure 7. The average direct 
healthcare cost of a serious FQ-related ADR was 44,010 €. Each FQ 
prescription in Finland carried an estimated 0.62% risk of a serious ADR 
indicating that cost of serious ADRs was 274 € per prescription. The estimated 
total number of serious FQ-related ADRs was 11,405 between 2008 and 2019.  
In the model, patients with serious ADRs were initially hospitalized and 
required follow-up clinic visits after recovery.  
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Figure 8. Decision tree model built to examine cases, mortality, and costs 
associated with FQ-related serious (study III).

1
Additional clinic visits

0.65 46,005.00€
Recovery

0
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In addition to SCDIs requiring the longest stays in hospital (up to 53 days) and 
being the costliest FQ-related ADRs, with the probabilities they were also the 
most frequent serious ADRs (n=10,108). The healthcare costs of a patient, who 
recovered from FQ-related SCDI were 46,005 €. A patient, who did not recover 
from the infection, had even higher healthcare costs, namely, 52,324 €. Total 
costs of SCDIs amounted to 487,381,481 €. Other serious FQ-related ADRs 
were significantly less frequent. Aortic and tendon ruptures tallied up total 
costs of 7,161,990€ with 330 reactions and 5,469,228€ with 534 reactions, 
respectively. The total estimated mortality associated with serious FQ-related 
ADRs between 2008 and 2019 was 3,884, with SCDI being the leading cause 
of death (n=3,539). No deaths were associated with tendon ruptures or SCAR 
with the baseline estimates. FQ-related liver injuries were associated with 210 
and aortic ruptures with 135 deaths during the twelve-year observation period. 
According to baseline estimates, the average mortality risk associated with 
among FQ related ADRs was 0.21%. 

 

5.3.3 Sensitivity Analyses 

 

The results of the sensitivity analyses are shown in Table 7. The model was 
highly sensitive to changes in probabilities.  Parameter changes in incidence 
rates triggered large variation especially in the worst-case scenarios. Mortality 
increased most significantly in aortic ruptures and liver injuries. Distinctly 
higher healthcare costs occurred predominantly in tendon ruptures and aortic 
ruptures. 
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Table 7. Costs and mortality associated with serious FQ-related ADRs in 2008-
2019 with sensitivity analyses. 

 
 
 
 
 
 
 
 
 
 
 
 

ADR 
type 

Total 
ADRs, 
n 

Cost of 
ADR, 
Recovered 
Patient (€) 

Cost of 
ADR, 
Dead 
Patient 
(€) 

Total Healthcare Costs 
(€) 

Total 
Mortality, 
n 

Sensitivity 
analysis of total 
healthcare 
costs, range (€) 

Sensitivity 
analysis of 
total mortality, 
range, n 

SCDI  10,108 
 

46,005.00 
 

52,324.00 
 

487,381,481.00 
 

3,539 
 

243,479,890.00 
̅ 

670,757,642.00 

1,525  ̶
7,718 

 

SCAR  13 5,331.00 2.379,00 69.303,00 0 0.00  
–  

558,072.00  

10 - 71 

Tendon 
rupture 

534 10,242.00 N/A 5,469,228.00 0 737,424.00 
 ̅ 

390,005,118.00 

0 - 0 

Aortic 
rupture  

330 21,703.00 
 

21,703.00 
 

7,161,990.00 
 

135 
 

7,053,475.00 
 ̅ 

141,633,778.00 

109  ̶ 
4,698 

 

Liver 
injury  

420 7,683.00 
 

1,157.00 
 

1,856,400.00 
 

210 
 

1,163,786.00 
 ̅ 

7,367,763.00 
 

43 ̶   
1,215 

 

Totals 11,405   501,938,402.00 3,884 252,434,575.00  
– 

1,210,322,373.00 

1,677 – 13,702 
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6 DISCUSSION 
 

This thesis aimed to estimate the economic impact of FQ-related ADRs in 
Finland. Although FQs remain an important group of antibacterial agents, FQ-
related ADRs may result in substantial costs and health service use.  
Understanding that drug-related adverse reactions have possibly long-lasting 
economic implications is increasingly important since healthcare resources 
are limited, and overall medication expenditure is rising. Furthermore, when 
the utilization of a drug is at a higher level, even rare adverse reactions can 
have a large economic impact. 

 

6.1 Main Results 
 

6.1.1 Discussion on the Results of the Systematic Review (Study I) 

 

The topic of specific antibacterial-related ADR costs has rarely been discussed 
in scientific publications, although antibacterial agents are recognized as a 
common cause of ADRs and there is a known gap concerning the details on 
costs of these ADRs. [213] In study I, the 5,687 references found in the primary 
literature search, 19 observational studies, of which five were case-controlled, 
fulfilled the pre-designed inclusion criteria. Hospitalization was an AE-related 
health service use outcome in 17 studies. Therefore, hospitalizations, in 
addition to ED visits, were the main health service use outcomes associated 
with AEs. Outpatient visits to primary care facilities were not reported in the 
included studies, although it is likely that most AEs are diagnosed and treated 
in primary care if they are identified as AEs or as FQ-related at all. Length of 
hospital stay associated with AEs varied between <5 and 45 days. Research has 
shown that hospitalizations are leading cost drivers among health service use. 
[214-216] The estimated cost of an AE episode ranged between 140 and 18,252 
€. CDI was associated with the longest stays in hospital. Ten studies reported 
AE-related length of stays and five evaluated costs associated with AEs. Due to 
the lack of published literature, health service use and costs associated with 
many high-risk FQ-related AEs, for example tendon injuries, could not be 
evaluated.  

Of the five FQs in this study, levofloxacin was associated with most reported 
AEs, health service use, length of hospital stay and costs. Ciprofloxacin was 
associated with similar AEs, health service use, length of stay and costs as 
levofloxacin, but with smaller volume.  Norfloxacin, on the other hand, was 
only linked to two cases of hepatitis. These data neither allow comparisons 
across FQs nor drawing definite conclusions relating to health service use and 
costs associated with various FQs. Levofloxacin and ciprofloxacin were 
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examined in 12 studies, including extremely large studies, and norfloxacin in 
only one. Therefore, the number of AEs associated with specific FQs reported 
in the studies is likely related to the utilization of the FQ and not necessarily 
to the toxicity.  

 

6.1.2 Discussion on the Results of the Retrospective Observational Study (II) 

 

This study found that the 145 claimants with tendon injuries had an average 
of 14,800€ direct costs in addition to the indirect costs that were estimated to 
be 9,077€ for employed claimants. Fifty-one percent were hospitalized, with 
an average duration of 21 hospital days. Hospitalization was the costliest form 
of health service use amounting to an average of 9,915€ per hospital episode. 
Advancing age and having co-morbidities made claimants more likely to have 
longer hospitalizations and less likely to avoid hospitalization altogether. The 
prescribed FQ, use of oral glucocorticoids or the claimant’s gender had no 
significant influence on hospitalization. 

Ciprofloxacin has been the most utilized FQ in Finland with a utilization of 
0.65 DDD per 1,000 inhabitants per day at the end of the study period (2012) 
[217]. Although the number of levofloxacin-based claims might, similarly, to 
study I, give the impression that its tendency to cause tendon injuries exceeds 
that of other FQs, this is likely not the case. Levofloxacin was utilized 0.3 DDD 
and moxifloxacin 0.12 DDD per 1,000 inhabitants per day although they had 
similar indications [217]. Forty-five percent of the claimants had previously 
been diagnosed with chronic lung diseases, which made them more 
susceptible to respiratory infections that were often treated with levofloxacin. 
Patients with chronic lung disease are frequently treated with inhaled 
glucocorticoids, as well as systemic glucocorticoids, which strongly increase 
the risk of FQ-associated tendon injuries. Moreover, it cannot be ruled out that 
some of these patients had received fluoroquinolones on several occasions. 
The risk of tendon injuries appears to rise with an increasing number of 
fluoroquinolone prescriptions and with increasing cumulative dose; the 
accumulated risk has been estimated to be approximately 6% with each 
additional day exposed to FQs. Thus, it is probable that levofloxacin was 
overrepresented in the study sample, because it was often used in high-risk 
patients, who had long exposures to levofloxacin and concurrent 
glucocorticoid use. On the other hand, during the study period ciprofloxacin 
and norfloxacin were prescribed for urinary tract infections, which could 
resolve in 2-3 days. The absence of a cumulative dose and concomitant 
glucocorticoid use could explain the smaller number of ciprofloxacin-related 
pharmaceutical injury insurance claims. 
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6.1.3 Discussion on the Results of the Modeling Study (III) 

 

A total of 1,831,537 fluoroquinolone prescriptions were filled between 2008 
and 2019, with prescription numbers declining 40 % in recent years. The study 
found that with these input probabilities, serious adverse reactions associated 
with FQs led to estimated direct health care costs of 501,938,402 €, 11,405 
ADR episodes and 3,884 deaths between the years 2008 and 2019. The 
average mortality risk associated with the use of FQs was an estimated 0,21%. 
With these model inputs, severe Clostridioides difficile infections were the 
most frequent, fatal, and costly adverse reactions associated with the use of 
fluoroquinolones. Although this is a theoretical model and the results 
approximations, emphasis should be on patient groups with an increased risk 
of developing SCDI and the need for cost-effective therapeutic alternatives will 
have to continue. The definitive effect of the still ongoing Covid-19 pandemic 
on the incidence of CDI, or the possible emergence of new strains, is unknown. 

While this study took into account the direct healthcare costs associated with 
an FQ-related ADR, the economic burden should preferably be estimated from 
a societal perspective. Some questions have been raised concerning the 
fairness of society, bearing the brunt of ADR costs, and who, in fact, should be 
held accountable. According to a Finnish study from 2015, the Finnish 
pharmaceutical injury compensation system functions well, the compensation 
process runs smoothly and swiftly, and the system could, in theory, be adopted 
elsewhere. The study suggested that only on rare occasions, was it worthwhile 
to file a personal pharmaceutical injury lawsuit against a pharmaceutical 
company. [218] In this compensation model, the payer, albeit secondarily, is 
the member of The Finnish Co-operative for Pharmaceutical Injury 
Indemnities, which has taken out a pharmaceutical insurance. Apart from the 
Nordic countries, many European countries still lack fair or even adequate 
compensation systems. Roujeau et. al. have suggested that costs relating to the 
treatment of serious ADRs should be included in the price of pharmaceuticals 
by the marketing authorization holder. If the drug is widely used, and the costs 
dispersed among a large group of pharmaceutical users, the price would not 
increase significantly. [142] However, this system might disproportionally 
increase costs for patients with rare diseases using expensive drugs associated 
with serious ADRs, for example biologics, and orphan drugs.  

 

6.2 Discussion on the Materials and Methods 

 
The aim of study I was to systematically review health service use and health 
service costs associated with ciprofloxacin, levofloxacin, moxifloxacin, 
norfloxacin and ofloxacin -related AEs. To our knowledge this is the first time 
that economic impacts of any FQ-related AEs have been systematically 
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examined. Although RCTs were not excluded from the literature search, all the 
included studies were observational. Observational studies may pick up on 
AEs not observed in RCTs, which might be due to several factors. RCTs 
frequently exclude patients who are most vulnerable to AEs, such as the elderly 
and patients with comorbidities. In addition, sample sizes are in many cases 
smaller and follow-up periods often shorter in RCTs than in observational 
studies. [51] Costs relating to healthcare systems, diagnostic methods and 
treatment protocols differ significantly depending on the origin of the study 
and the AEs considered. In addition, the severity of the reported FQ-related 
AEs may have fluctuated and resulted in diverse health service use and costs. 
AE-related costs, when reported, lack adequate transferability. Conversely, 
health service use and length of hospital stay are outcomes that can be more 
effectively compared and transferred, regardless of the origin of the study. 
Even here, temporal, geographical and payer differences may lead to 
disparities in these metrics for similar AEs. 

The aim of study II was to assess costs and health service use associated with 
FQ-related tendon injuries in Finland during 2002-2012 from a societal 
perspective. This retrospective observational cost of illness study included 
data from the Finnish Pharmaceutical Insurance Pool’s pharmaceutical injury 
claims. The Pharmaceutical Insurance Pool had data until 2012, after which 
pharmaceutical injuries have been covered by the Finnish Mutual Insurance 
Company for Pharmaceutical Injury Indemnities, a company, which, in turn, 
was reluctant to allow use of their data at such an early point of its existence.  
Datasets including detailed ADR-related health service use are rare. Data from 
the Pharmaceutical Insurance Pool was, however, comprehensive, and the 
costs presented were true, realized ADR-related costs. Additionally, all the 
pharmaceutical injuries had been carefully examined by a panel of experts, 
which adds certainty that the costs, and health service use presented in the 
studies were, indeed, realistic. Intangible costs are generally not estimated in 
economic evaluations. However, since the Pharmaceutical Insurance Pool also 
compensated temporary and permanent incapacity, these costs were included 
in the study.  

 

The aim of study III was to estimate direct healthcare costs and mortality 
associated with serious FQ-related adverse reactions in Finland from 2008 to 
2019 by using a decision tree model. Serious adverse reaction types were 
identified from the Finnish Pharmaceutical Insurance Pool’s pharmaceutical 
injury claims and the Finnish Medicines Agency’s Adverse Reaction Register.   
Unfortunately, reporting systems do not generate sufficient datasets to study 
costs of ADRs due to the lack of data on ADR-related health service use. While 
the data from the Pharmaceutical Injury Insurance Pool likely only contains a 
fraction of all ADR cases, the quality of the data indicates that injury claims 
were the optimal source for cost data available at this time. Since the focus of 
reporting systems is more on signal detection and reports of new ADRs are 
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encouraged, reporting systems are neither an adequate source of incidence. 
However, reports can provide useful data for models when other sources of 
data are combined. A British study comparing three different ADR data 
sources determined that there were substantial differences in the reporting of 
ADRs and their frequencies among spontaneous ADR reports, spontaneous 
reports published in medical journals and meta-analyses of RCTs and ideally 
all three sources should be used in ADR research. [219] The model inputs 
involving probabilities of serious ADRs, and mortality associated with them 
were obtained from published literature, which enables that part of the model 
to be generalized and transferred to other countries. The development of 
larger, international pharmacovigilance databases such as EudraVigilance 
[220] with more detailed analyses, promotes the idea that more 
comprehensive data will be available in the future.  

 

6.3 Discussion on Limitations of the Study 
 

Lack of data was an issue throughout all the studies, and this could already be 
anticipated during the literature search relating to study I in April 2017. The 
original literature search had yielded 4,454 references when duplicates were 
removed, with none of the included studies having the primary outcome of FQ-
related health service use and costs. In study I, the STROBE checklist for 
observational studies was used to assess the quality of the included studies 
although it is not recommended for this capacity. However, there is a distinct 
deficiency of reliable, comprehensive, and validated tools for the quality 
assessment of observational studies, which led us to choose the STROBE 
checklist. Study I was not registered to the PROSPERO database, which is an 
international database of prospectively registered systematic reviews in health 
and social care. The study process would have benefitted from registration, 
especially since the publication ultimately took two years. The registration is 
recommended in order to avoid duplication of research and to allow 
comparison of reported review methods with what was planned in the 
protocol. [221] 

Since the original literature search was conducted over four years previously, 
the literature search was updated in a more cursory manner for this doctoral 
thesis and completed in the original databases, SCOPUS, Medline (Ovid), 
Cochrane Library, Web of Science and Cinahl, in June 2021, and covered the 
years 2017-2021. The new search yielded 2,628 references for further 
inspection. After the removal of duplicates, 1,758 references were left and 
perused based on title. Finally, 12 new publications met the inclusion criteria 
based on the original PICOS framework. [222-233] The findings of the 
updated search show that the preceding gap in published literature regarding 
FQ-related AE research into neuropsychiatric AEs and cardiovascular AEs has 
been covered. While the large number of references suggests that our search 
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strategy was indeed sensitive, the specificity was not optimal. As with the 
original systematic review, specific aims of the included studies did not involve 
examining health service use or costs. Additionally, neither the original nor 
the updated search yielded any RCTs, which are generally considered to be the 
epitome of evidence by the medical research community. The Cochrane 
Collaboration, for example, continues to point out that the risk of biases is 
larger in non-randomized studies in comparison to RCTs  when evaluating the 
effects of interventions. [234] Furthermore, evidence suggests that 
researchers should search beyond journal publications for information 
relating to ADRs [159]. There is always the possibility that some relevant 
references were excluded due to restricting the literature search only to 
English language publications.   

The shortage of data continued in study II since only approximately 200 
pharmaceutical injury insurance claims are filed annually, which suggests that 
many injuries remain both unidentified and uncompensated, and that the 
compensation system might be relatively unknown. A larger sample size would 
strengthen the evidence and provide more robust estimates. Since the newest 
insurance claims are from 2012, the data in study II and source of cost data in 
study III could already be perceived as relatively old.  

Currently there is no one standard regarding the evaluation of ADR-related 
costs. A report on the costs of unsafe care deliberated on two main limitations 
commonly arising with cost analyses associated with ADRs. The first problem 
is the payer perspective, which is often restricted to the healthcare provider 
and thus neglects, for example, the patient, family members giving care and 
employers. The second issue concerns the high variability in incidence rates 
and cost estimates. Additionally, even in some European countries, there is a 
persistent lack of any data concerning ADR costs. [43] 

The shortage of full cost data for all serious ADRs depicted in study III directed 
us to conduct the study from the perspective of the healthcare provider, and 
therefore direct costs borne by other parties, such as patients and employers, 
were not included, nor was the loss of productivity. Ideally, an adaptation a 
societal perspective would include all costs regardless of by whom they were 
borne.   

It is important to note that the results of study III do not represent realized 
actual ADRs, costs, or mortality in Finland. The model input probabilities were 
based on FQ-related ADR risk estimates from observational studies, of which 
only a few could be considered for the model. Overall, ADR risk estimates in 
observational studies mainly consist of RRs, ORs and HRs, which cannot be 
utilized in this model. There is a distinct need for precise absolute risk 
estimates of FQ-related ADRs in particular in connection to the most costly 
FQ-related ADR, severe Clostridioides difficile infection. Not only is this 
important for research but also from the patient’s point of view because an 
absolute risk measure would express in the most understandable manner what 
outcomes they could likely expect from different therapeutic options.   
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In addition to observational studies being subject to confounding due to 
treatment selection often being influenced by the patients’ characteristics, 
patients are not randomly assigned to treatments in observational studies, 
which is a potential source of selection bias. This can overestimate the 
association of a drug and an ADR especially if patients with a better prognosis 
are more likely to be assigned to the control group. Since randomization in 
RCTs avoids confounding and minimizes selection bias, the unpredictability 
of random allocation would be the best protection against the uncertainty of 
the extent to which observational studies may be biased. [235] On the other 
hand, a review published in 2009 included 113 RCTs and found that 15% of 
studies did not provide data on the rate of ADRs and 27% provided no data on 
the severity of ADRs [236].  Therefore, there seems to be room for 
improvement in all study designs in this area. 

Since the model is highly sensitive to changes in the probabilities, and due to 
the likelihood of overestimation in the few model inputs available for SCDI in 
particular, the model was run as an experiment with a substantially lower 
average FQ-related CDI risk estimate (0,56%) found from a German study 
[237] only after the publication of study III and multiplied with the risk of a 
severe infection (base case 6%, lower estimate 3%, upper estimate 8% [238-
240]).   This estimate yielded 615 SCDI-cases during the 12-year observation 
period, of which 215 were fatal. Total costs of SCDI would be 29,651,660€ 
(range 14,704,883€ - 40,032,775€), which would be more representative of 
Finnish healthcare than the estimates yielded by study III. Even with this risk 
estimate, SCDI would be the most significant FQ-related ADR. Following the 
examination of this thesis, we will continue and broaden our search for 
absolute risks beyond publications in English to find and generate more 
realistic estimates.  

In the course of time rigorous research has brought changes and some ADRs 
may fortunately now be prevented. Treatment protocols have altered, 
knowledge and identification of risk groups more susceptible to ADRs has 
improved, and further ADRs are recognized as FQ-related. In some cases, this 
could have an effect on the incidence of ADRs. However, for instance due to 
the growing amount of antibiotic resistant bacteria, the rapid decline of 
effective antibacterial agents, and alarmingly small number of new 
discoveries, prescribing FQs does not always have a safer or more effective 
alternative. This is a challenging trade-off for the future. 

 

 
 

 



65 
 

7 CONCLUSIONS 
 

7.1 Future Directions 
 

This thesis suggests that in Finland FQ-related ADRs were associated with 
significant costs and health service use, especially relating to CDI and tendon 
injuries. Although AEs related to the use of FQs have been the most reported, 
further research to evaluate and compare costs and health service use relating 
to AEs of other broad-spectrum antibacterial agents should be considered. It 
is known that commonly used antibiotics including amoxicillin, 
cephalosporines, clarithromycin and in particular clindamycin all predispose 
patients to developing CDI. Additionally, EMA has concluded that more 
research is still needed to uncover risk factors associated with FQ-related 
ADRs, treatments for these ADRs, identification of possible biomarkers for 
ADR prediction and recognizing underlying mechanisms of action that could 
lead to ADRs. [21] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



66 
 

8 ACKNOWLEDGEMENTS 
 

This study was carried out in the Faculty of Pharmacy at the University of 
Helsinki between 2017 and 2022. I am grateful to everyone who supported and 
assisted me in this work. 

The foundation of my PhD dates back to 2015, when I started to plan how to 
combine my background in economics with health and medicine, topics which 
I was very interested in but had no actual experience in. I was very lucky and 
privileged to find two supervisors with unparalleled knowledge and expertise. 
I am profoundly grateful to Professor Emerita in Pharmacoeconomics, Marja 
Blom, who first suggested I study the economic impact of adverse drug 
reactions and has been a constant support and mentor during these PhD years. 
My sincere thanks to Professor in Clinical Pharmacology and Individual 
Medicine, Janne Backman, who patiently provided numerous answers and 
feedback relating to fluoroquinolones and their adverse reactions. 

I am grateful to my thesis committee members, Docent Pirjo Räsänen (Health 
Technology Assessment) and Dr Outi Lapatto-Reiniluoto (PhD, MD) for the 
guidance, encouragement, and inspiring discussions during these years. My 
warmest thanks to Custos, Professor in Social Pharmacy, Marja Airaksinen 
for all the valuable advice especially during the final stages of my thesis work 
and for welcoming me to the Clinical Pharmacy Group.  I would like to thank 
the pre-examiners of my thesis, Docent Asko Järvinen (PhD, MD) and 
Professor Minna Kaila (PhD, MD) for their valuable criticism and constructive 
comments. I would like to thank Professor in Health economics, Ismo 
Linnosmaa for accepting the invitation to act as my thesis opponent. 

A special thank you to our co-author in study I, MSc (pharm) Kati Viljemaa, 
who conducted her master’s thesis as part of this study. Many thanks to PhD 
Polina Girchenko, who gave me priceless help with statistics in study II. I 
would like to thank The Pharmaceutical Insurance Pool and Fimea for 
providing data for the studies and the staff at The Finnish Insurance Centre 
who helped me during the months I collected data from the insurance claims. 
I would like to thank my colleague from the Pharmacoeconomics research 
group, PhD (pharm) Saara Huoponen for listening and for advising me 
during our time in the same office in Viikki. I am grateful to all my colleagues 
at the Clinical Pharmacy Group at the University of Helsinki for the support 
and for creating such a friendly working environment.  

Finally, I am deeply grateful to my family. I would like to thank my siblings, 
PhD Liisa and PhD student, MD Juho, for all the support and the quick 
answers to various research conundrums throughout the years. My parents 
always impressed the importance of education and supported us in our 
choices. A special thank you to my Mother Mirja for always taking the time to 
proofread my texts and for revising the language of this thesis. Sadly, our 
Father Tapio is no longer with us, but I will always remember that he was our 



67 
 

biggest champion.  To conclude, I would like to thank my funny and adorable 
children Aaro, Urho, and Sara, who always remind me what is most important 
in life, and our furry feline friends, Agatha and Sherlock, who without fail 
accompany me to the office during remote working. My heartfelt thanks to my 
husband Petri for all the support, care, and patience throughout these doctoral 
thesis years. 

 

Helsinki June, 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



68 
 

REFERENCES 
 

Studies included in the systematic review (study I) are listed in bolded italics 
and references for the updated review in italics. 

 

1. Aminov R. I. A Brief History of the Antibiotic Era: Lessons Learned and Challenges for the 
Future. Frontiers in Microbiology 2010;1. 

2. Asif M. Antimicrobial Agents. Journal of Analytical & Pharmaceutical Research 2017;4(3). 
 
3. Oliphant C. M., Green G. M. Quinolones: a comprehensive review. Am Fam Physician 

2002;65(3):455-64. 
4. KELA. Time series of prescribed prescription medicines, 2021. 

http://raportit.kela.fi/linkki/99394105 (Accessed 31.1.2021). 

5. Owens R. C., Jr., Ambrose P. G. Antimicrobial safety: focus on fluoroquinolones. Clinical 
Infectious Diseases 2005;41 Suppl 2:S144-57. 

6. Bouvy J. C., De Bruin M.L., Koopmanschap M. A. Epidemiology of Adverse Drug Reactions 
in Europe: A Review of Recent Observational Studies. Drug Safety 2015;38(5):437-
53. 

7. Beringer P. M., Wong-Beringer A., Rho J. P. Economic aspects of antibacterial adverse 
effects. Pharmacoeconomics 1998;13(1 Pt 1):35-49. 

8. Pham T. D. M., Ziora Z. M., Blaskovich M. A. T. Quinolone antibiotics. MedChemComm 
2019;10(10):1719-39. 

9. Ball P. Chapter 1 - The Quinolones: History and Overview. In: Andriole Vincent T., ed. The 
Quinolones (Third Edition). San Diego: Academic Press, 2000:1-31. 

10. Wright D. H., Brown G. H., Peterson M. L., Rotschafer J. C. Application of fluoroquinolone 
pharmacodynamics. J Antimicrob Chemother 2000;46(5):669-83. 

11. Emmerson A. M., Jones A. M. The quinolones: decades of development and use. J 
Antimicrob Chemother 2003;51 Suppl 1:13-20. 

12. Wispelwey B. Clinical Implications of Pharmacokinetics and Pharmacodynamics of 
Fluoroquinolones. Clinical Infectious Diseases 2005;41(Supplement_2):S127-S35. 

13. Stocco G., Lucafò M., Decorti G. Pharmacogenomics of antibiotics. International Journal 
of Molecular Sciences 2020;21(17):1-20. 

14. Drusano G., Labro M-T., Cars O., et al. Pharmacokinetics and pharmacodynamics of 
fluoroquinolones. Clinical Microbiology and Infection 1998;4:2S27-2S41. 

15. Gunderson B. W., Ross G. H., Ibrahim K. H., Rotschafer J. C. What do we really know about 
antibiotic pharmacodynamics? Pharmacotherapy:The Journal of Human 
Pharmacology & Drug Therapy 2001;21(11 Pt 2):302S-18S. 

16. Katzung B.G., Trevor A.J. Basic and Clinical Pharmacology 15e: McGraw-Hill Education, 
2020. 

17. Pitman S. K., Hoang U. T. P., Wi C. H., Alsheikh M., Hiner D. A., Percival K. M. Revisiting 
Oral Fluoroquinolone and Multivalent Cation Drug-Drug Interactions: Are They Still 
Relevant? Antibiotics (Basel, Switzerland) 2019;8(3):108. 

18. Vuento R. Antibiootit, 2020. 
https://www.terveyskirjasto.fi/terveyskirjasto/tk.koti?p_artikkeli=dlk01177 
(Accessed 22.4.2022). 



69 
 

19. Duodecim Working group set up by the Finnish Medical Society Duodecim and the Finnish 
Cardiac Society. Helsinki: The Finnish Medical Society. Urinary tract infections. 
Current Care Guidelines. 18.6.2019 ed, 2019. 

20. Rusu A., Lungu I-A., Moldovan O-L., Tanase C., Hancu G. Structural Characterization of 
the Millennial Antibacterial (Fluoro)Quinolones—Shaping the Fifth Generation. 
Pharmaceutics 2021;13(8):1289. 

21. EMA European Medicines Agency. Fluoroquinolone and quinolone antibiotics: PRAC 
recommends restrictions on use: new restrictions follow review of disabling and 
potentially long-lasting side effects, 2018. 
https://www.ema.europa.eu/en/documents/press-release/fluoroquinolone-
quinolone-antibiotics-prac-recommends-restrictions-use_en.pdf (Accessed 
20.1.2022). 

22. European Centre for Disease Prevention and Control. Antimicrobial consumption in the 
EU/EEA – Annual Epidemiological Report 2019. Stockholm: ECDC, 2020. 

23. WHO. WHO Report on Surveillance of Antibiotic Consumption: 2016-2018 Early 
Implementation, 2018. https://apps.who.int/iris/rest/bitstreams/1167986/retrieve 
(Accessed 20.4.2022). 

24. Browne A. J., Chipeta M. G., Haines-Woodhouse G., et al. Global antibiotic consumption 
and usage in humans, 2000–18: a spatial modelling study. The Lancet Planetary 
Health 2021;5(12):e893-e904. 

25. Adriaenssens N., Bruyndonckx R., Versporten A., et al. Consumption of quinolones in the 
community, European Union/European Economic Area, 1997–2017. Journal of 
Antimicrobial Chemotherapy 2021;76(Supplement_2):37-44. 

26. Lumio J. [Therapeutic use of fluoroquinolones]. Duodecim 1999;115(3):304-15. 
 
27. Fimea Finnish Medicines Agency. Drug consumption statistics: drug sales in years 2017-

2020. http://raportit.nam.fi/raportit/kulutus/laakemyynti.htm (Accessed 
1.10.2021)

28. Kalliokoski A. Fluorokinolonien kulutuksessa on sairaanhoitopiirien välisiä eroja. Sic!
Lääkealan turvallisuus- ja kehittämiskeskus Fimea 2014; 3/2014.

29. Koukkari K., Ollgren J., Ilmavirta H., Cristea V., Dub T., Voipio T., Möttönen T., Lyytikäinen
O., Sarvikivi E. Mikrobilääkekulutus Suomessa 2013-2020. In: Finnish, Welfare 
Institute for Health and, eds. Working paper. Helsinki, Finland, 2021.

30. Doan T., Renz C., Lievano F., Bhattacharya M., Scarazzini L. Pharmacovigilance.
Philadelphia: Elsevier, 2018.

31. Palva E. Lääkevalvonta kattaa lääkkeen koko elinkaaren. Sic! Lääkealan turvallisuus- ja
kehittämiskeskus Fimea 2013;3/2013.

32. EMA European Medicines Agency. History of EMA, 2020.
https://www.ema.europa.eu/en/about-us/history-ema (Accessed 30.10.2021). 

33. EMA European Medicines Agency. ICH Harmonized Tripartite Guideline. Guideline for
good clinical practice E6(R2), 2015. 
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-
clinical-practice-e6r2-4-step-2b_en.pdf (Accessed 30.10.2021).

34. Agbabiaka T. B., Savović J., Ernst E. Methods for causality assessment of adverse drug
reactions: a systematic review. Drug Saf 2008;31(1):21-37.

35. Naranjo C. A., Busto U., Sellers E. M., et al. A method for estimating the probability of
adverse drug reactions. Clin Pharmacol Ther 1981;30(2):239-45.

36. UMC Monitoring Centre Uppsala. The use of WHO-UMC system for standardised case
causality assessment, 2018. http://www.who-umc.org/ (Accessed 11.1.2022).



70 
 

37. Edwards I. R., Aronson J. K. Adverse drug reactions: definitions, diagnosis, and 
management. Lancet 2000;356(9237):1255-9. 

38. CIOMS Working Groups III and V. Guidelines for Preparing Core Clinical-Safety 
Information on Drugs.  Second edition. Geneva, 1999. 

39. Hartwig S.C., Siegel J., Schneider P.J. Preventability and severity assessment in reporting 
adverse drug reactions. American Journal of Hospital Pharmacy 1992;49:2229-31. 

40. EMA European Medicines Agency. Pharmacovigilance: post-authorisation, 2020. 
https://www.ema.europa.eu/en/human-regulatory/post-
authorisation/pharmacovigilance-post-authorisation (Accessed 10.10.2021). 

41. Coleman J. J., Pontefract S. K. Adverse drug reactions. Clinical Medicine 2016;16(5):481-
85. 

42. Pennanen A. Karonen T., Helminen S., Kastarinen H., Klintrup K., Saastamoinen L., 
Leinonen J. Haittavaikutusilmoituksista saadaan tärkeää tietoa uusien lääkkeiden 
turvallisuudesta. Sic! Lääkealan turvallisuus- ja kehittämiskeskus Fimea 
2021;3/2021. 

43. Zsifkovits J., Zuba M.; Geißler W., Lepuschütz L., Pertl D. Kernstock E-M. Ostermann, 
Herwig. Costs of unsafe care and cost-effectiveness of patient safety programmes. 
Gesundheit Österreich Forschungs- und Planungs GmbH, 2016. 

44. Malikova M. A. Practical applications of regulatory requirements for signal detection and 
communications in pharmacovigilance. Therapeutic Advances in Drug Safety 
2020;11:204209862090961. 

45. EMA European Medicines Agency. Guideline on good pharmacovigilance practices (GVP), 
2017. https://www.ema.europa.eu/en/human-regulatory/post-
authorisation/pharmacovigilance/good-pharmacovigilance-practices (Accessed 
7.10.2021). 

46. Pierfitte C., Bégaud B., Lagnaoui R., Moore N. D. Is reporting rate a good predictor of risks 
associated with drugs? British journal of clinical pharmacology 1999;47(3):329-31. 

47. Hazell L., Shakir S. A. Under-reporting of adverse drug reactions : a systematic review. 
Drug Saf 2006;29(5):385-96. 

48. Byar D. P., Simon R. M., Friedewald W. T., et al. Randomized clinical trials. Perspectives 
on some recent ideas. N Engl J Med 1976;295(2):74-80. 

49. Frieden T.R. Evidence for Health Decision Making - Beyond Randomized, Controlled 
Trials. N Engl J Med 2017;377(5):465-75. 

50. Golder S., Loke Y. K., Bland M. Meta-analyses of adverse effects data derived from 
randomised controlled trials as compared to observational studies: methodological 
overview. PLoS medicine 2011;8(5):e1001026-e26. 

51. Concato J., Shah N., Horwitz R. I. Randomized, Controlled Trials, Observational Studies, 
and the Hierarchy of Research Designs. New England Journal of Medicine 
2000;342(25):1887-92. 

52. Ball P., Mandell L., Niki Y., Tillotson G. Comparative tolerability of the newer 
fluoroquinolone antibacterials. Drug Saf 1999;21(5):407-21. 

53. Liu H.H. Safety profile of the fluoroquinolones: focus on levofloxacin. Drug Saf 
2010;33(5):353-69. 

54. Van Bambeke F., Tulkens P. M. Safety profile of the respiratory fluoroquinolone 
moxifloxacin: comparison with other fluoroquinolones and other antibacterial 
classes. Drug Saf 2009;32(5):359-78. 

55. Hangas A., Aasumets K., Kekäläinen N. J., et al. Ciprofloxacin impairs mitochondrial DNA 
replication initiation through inhibition of Topoisomerase 2. Nucleic Acids Res 
2018;46(18):9625-36. 

56. Tomé A. M., Filipe A. Quinolones. Drug Safety 2011;34(6):465-88. 



71 
 

 
57. Destache C. J., Pakiz C. B., Larsen C., Owens H., Dash A. K. Cerebrospinal fluid penetration 

and pharmacokinetics of levofloxacin in an experimental rabbit meningitis model. 
Journal of Antimicrobial Chemotherapy 2001;47(5):611-15. 

58. Blanca-Lopez N., Ariza A., Dona I., et al. Hypersensitivity reactions to fluoroquinolones: 
analysis of the factors involved. Clin Exp Allergy 2013;43(5):560-7. 

59. Orman E. S., Conjeevaram H. S., Vuppalanchi R., et al. Clinical and histopathologic 
features of fluoroquinolone-induced liver injury. Clin Gastroenterol Hepatol 
2011;9(6):517-23 e3. 

60. Stevens V., Dumyati G., Fine L. S., Fisher S. G., van Wijngaarden E. Cumulative antibiotic 
exposures over time and the risk of Clostridium difficile infection. Clin Infect Dis 
2011;53(1):42-8. 

61. Marra A. R., Perencevich E. N., Nelson R. E., et al. Incidence and Outcomes Associated 
WithClostridium difficileInfections. JAMA Network Open 2020;3(1):e1917597. 

62. Hota S., Achonu C., Crowcroft N., Harvey B., Lauwers A.t, Gardam M. Determining 
Mortality Rates Attributable to Clostridium difficile Infection. Emerging Infectious 
Disease journal 2012;18(2):305. 

63. Julien M., Wild J. L., Blansfield J., et al. Severe complicated Clostridium difficile infection: 
Can the UPMC proposed scoring system predict the need for surgery? J Trauma 
Acute Care Surg 2016;81(2):221-8. 

64. Cases of Clostridium difficile by hospital district and by year, 2008-2020: Finnish Institute 
for Health and Welfare, 2021. https://www.thl.fi/ttr/gen/rpt/tilastot.html (Accessed 
20.1.2022) 

65. Marttila-Vaara M., Ylipalosaari P., Kauma H. Clostridium difficile infections in teaching 
hospital in northern Finland. BMC Infectious Diseases 2019;19(1). 

66. Asensio Á., Vallejo-Plaza A., Parra L. M., et al. Epidemiology of Clostridioides difficile 
infection in hospitalized patients in Spain: An eight-year review (2012-2019). Enferm 
Infecc Microbiol Clin 2021; S0213-005X(21): 00179-8. 

67. Björnsson E. S. Drug-induced liver injury due to antibiotics. Scandinavian Journal of 
Gastroenterology 2017;52(6-7):617-23. 

68. Björnsson E. S., Bergmann O. M., Björnsson H. K., Kvaran R. B., Olafsson S. Incidence, 
presentation, and outcomes in patients with drug-induced liver injury in the general 
population of Iceland. Gastroenterology 2013;144(7):1419-25, 25.e1-3; quiz e19-20. 

69. Neto G.T., Sousa D., Marto N., Horta A.B. Levofloxacin-Induced Acute Pancreatitis. 
Cureus 2021;13(2):e13301. 

70. Simons-Linares C. R., Elkhouly M. A., Salazar M. J. Drug-Induced Acute Pancreatitis in 
Adults: An Update. Pancreas 2019;48(10). 

71. Bird S. T., Etminan M., Brophy J. M., Hartzema A. G., Delaney J. A. C. Risk of acute kidney 
injury associated with the use of fluoroquinolones. Canadian Medical Association 
Journal 2013;185(10):E475-E82. 

72. Hall M. M., Finnoff J. T., Smith J. Musculoskeletal complications of fluoroquinolones: 
guidelines and precautions for usage in the athletic population. Pm r 2011;3(2):132-
42. 

73. Bailey R. R., Kirk J. A., Peddie B. A. Norfloxacin-induced rheumatic disease. N Z Med J 
1983;96(736):590. 

74. Khaliq Y., Zhanel G. G. Fluoroquinolone-associated tendinopathy: a critical review of the 
literature. Clin Infect Dis 2003;36(11):1404-10. 

75. Persson R., Jick S. Clinical implications of the association between fluoroquinolones and 
tendon rupture: The magnitude of the effect with and without corticosteroids. Br J 
Clin Pharmacol 2019;85(5):949-59. 



72 
 

76. Morales D. R., Slattery J., Pacurariu A., Pinheiro L., McGettigan P., Kurz X. Relative and 
Absolute Risk of Tendon Rupture with Fluoroquinolone and Concomitant 
Fluoroquinolone/Corticosteroid Therapy: Population-Based Nested Case-Control 
Study. Clin Drug Investig 2019;39(2):205-13. 

77. van der Linden P. D., Sturkenboom M. C., Herings R. M., Leufkens H. G., Stricker B. H. 
Fluoroquinolones and risk of Achilles tendon disorders: case-control study. Bmj 
2002;324(7349):1306-7. 

78. Pohjola-Sintonen S., Kannisto M. [The rupture of both Achilles tendons as a complication 
from fluoroquinolone treatment]. Duodecim 2004;120(8):975-9. 

79. Wise B. L., Peloquin C., Choi H., Lane N. E., Zhang Y. Impact of age, sex, obesity, and 
steroid use on quinolone-associated tendon disorders. Am J Med 2012;125(12):1228 
e23-28 e28. 

80. Kulthanan K., Chularojanamontri L., Manapajon A., Dhana N., Jongjarearnprasert K. 
Cutaneous adverse reactions to fluoroquinolones. Dermatitis 2011;22(3):155-60. 

81. Roujeau J-C, Kelly J., Naldi L., et al. Medication Use and the Risk of Stevens–Johnson 
Syndrome or Toxic Epidermal Necrolysis. New England Journal of Medicine 
1995;333(24):1600-08. 

82. Sousa-Pinto B., Araujo L., Freitas A., Correia O., Delgado L. Stevens-Johnson 
syndrome/toxic epidermal necrolysis and erythema multiforme drug-related 
hospitalisations in a national administrative database. Clin Transl Allergy 2018;8:2. 

83. Naegele D., Sekula P., Paulmann M., Mockenhaupt M. Incidence of Epidermal Necrolysis: 
Results of the German Registry. J Invest Dermatol 2020;140(12):2525-27. 

84. Halkin H. Adverse Effects of the Fluoroquinolones. Clinical Infectious Diseases 
1988;10(Supplement_1):S258-S61. 

85. Michalak K., Sobolewska-Włodarczyk A., Włodarczyk M., et al. Treatment of the 
Fluoroquinolone-Associated Disability: The Pathobiochemical Implications. 
Oxidative Medicine and Cellular Longevity 2017;2017:1-15. 

86. Doussau De Bazignan A., Thiessard F., Miremont-Salamé G., Conri C., Haramburu F. Effets 
indésirables psychiatriques des fluoroquinolones : cas notifiés 
à la pharmacovigilance française. La Revue de Médecine Interne 2006;27(6):448-52. 

87. Sutter R., Rüegg S., Tschudin-Sutter S. Seizures as adverse events of antibiotic drugs: A 
systematic review. Neurology 2015;85(15):1332-41. 

88. Cohen J. S. Peripheral neuropathy associated with fluoroquinolones. Annals of 
Pharmacotherapy 2001;35(12):1540-7. 

89. Morales D., Pacurariu A., Slattery J., Pinheiro L., McGettigan P., Kurz X. Association 
Between Peripheral Neuropathy and Exposure to Oral Fluoroquinolone or 
Amoxicillin-Clavulanate Therapy. JAMA Neurology 2019;76(7):827-33. 

90. Kommalapati A., Wallam S., Tella S. H., Qureshi Z. P., Bennett C. L. Fluoroquinolone-
associated suicide. Eur J Intern Med 2018;55:e21-e22. 

91. Jaillon P., Morganroth J., Brumpt I., Talbot G. Overview of electrocardiographic and 
cardiovascular safety data for sparfloxacin. Sparfloxacin Safety Group. J Antimicrob 
Chemother 1996;37 Suppl A:161-7. 

92. Demolis J. L., Charransol A., Funck-Brentano C., Jaillon P. Effects of a single oral dose of 
sparfloxacin on ventricular repolarization in healthy volunteers. British Journal of 
Clinical Pharmacology 1996;41(6):499-503. 

93. Briasoulis A., Agarwal V., Pierce W. J. QT prolongation and torsade de pointes induced by 
fluoroquinolones: infrequent side effects from commonly used medications. 
Cardiology 2011;120(2):103-10. 



73 
 

94. Gorelik E., Masarwa R., Perlman A., et al. Fluoroquinolones and Cardiovascular Risk: A 
Systematic Review, Meta-analysis and Network Meta-analysis. Drug Safety 
2019;42(4):529-38. 

95. Chou H. W., Wang J. L., Chang C. H., Lai C. L., Lai M. S., Chan K. A. Risks of cardiac 
arrhythmia and mortality among patients using new-generation macrolides, 
fluoroquinolones, and beta-lactam/beta-lactamase inhibitors: a Taiwanese 
nationwide study. Clinical Infectious Diseases 2015;60(4):566-77. 

96. Lee C. C., Lee M. T., Chen Y. S., et al. Risk of Aortic Dissection and Aortic Aneurysm in 
Patients Taking Oral Fluoroquinolone. JAMA Internal Medicine 2015;175(11):1839-
47. 

97. Pasternak B., Inghammar M., Svanstrom H. Fluoroquinolone use and risk of aortic 
aneurysm and dissection: nationwide cohort study. BMJ 2018;360:k678. 

98. Daneman N., Lu H., Redelmeier D. A. Fluoroquinolones and collagen associated severe 
adverse events: a longitudinal cohort study. BMJ Open 2015;5(11):e010077. 

99. Wee I., Chin B., Syn N., et al. The association between fluoroquinolones and aortic 
dissection and aortic aneurysms: a systematic review and meta-analysis. Scientific 
Reports 2021;11(1). 

100. Chou H. W., Wang J. L., Chang C. H., et al. Risk of severe dysglycemia among diabetic 
patients receiving levofloxacin, ciprofloxacin, or moxifloxacin in Taiwan. Clinical 
Infectious Diseases 2013;57(7):971-80. 

101. EMA European Medicines Agency. Public statement on Trovan / Trovan IV / Turvel / 
Turvel IV: Withdrawal of the marketing authorisations, 2001. 
https://www.ema.europa.eu/en/documents/public-statement/public-statement-
trovan/trovan-iv/turvel/turvel-iv-withdrawal-marketing-authorisations_en.pdf 
(Accessed 3.5.2022). 

102. WHO. Grepafloxacin - voluntarily withdrawn: severe cardiovascular events, 1999. 
https://www.who.int/medicines/publications/drugalerts/drug_alert92grepafloxaci
n_voluntarily_withdrawn.pdf (Accessed 14.1.2022). 

103. Lamy P. P. Physiological Changes Due to Age. Drugs & Aging 1991;1(5):385-404. 
 
104. Stahlmann R., Lode H. M. Risks associated with the therapeutic use of fluoroquinolones. 

Expert Opin Drug Saf 2013;12(4):497-505. 
105. Jun C., Fang B.. Current progress of fluoroquinolones-increased risk of aortic aneurysm 

and dissection. BMC Cardiovascular Disorders 2021;21(1). 
106. Baietto L., Corcione S., Pacini G., Perri G. D., D'Avolio A., De Rosa F. G. A 30-years review 

on pharmacokinetics of antibiotics: is the right time for pharmacogenetics? Curr 
Drug Metab 2014;15(6):581-98. 

107. Micaglio E., Locati E. T., Monasky M. M., Romani F., et al. Role of Pharmacogenetics in 
Adverse Drug Reactions: An Update towards Personalized Medicine. Frontiers in 
pharmacology 2021;12:651720-20. 

108. Fan W-L., Shiao M-S., Hui R. C-Y., et al. HLA Association with Drug-Induced Adverse 
Reactions. J Immunol Res 2017;2017:3186328-28. 

109. Drummond M.F. Sculpher M.J., Claxton K., Stoddart G.L.,  Torrance G. W. Methods for 
the economic evaluation of health care programmes. Fourth edition. Oxford, 
England: Oxford University Press, 2015. 

110. Bootman J. L., Townsend J. R., McGhan W. F. Principles of pharmacoeconomics. 
Cincinnati, OH: Harvey Whitney Books Co., 2005. 

111. Koopmanschap M. A., Rutten F. F., van Ineveld B. M., van Roijen L. The friction cost 
method for measuring indirect costs of disease. J Health Econ 1995;14(2):171-89. 

112. Tarricone R. Cost-of-illness analysis. Health Policy 2006;77(1):51-63. 



74 
 

113. Sandmann F. G., Robotham J. V., Deeny S. R., Edmunds W. J., Jit M. Estimating the 
opportunity costs of bed-days. Health Economics 2018;27(3):592-605. 

114. Gold M. R. Cost-effectiveness in health and medicine. New York, NY: Oxford University 
Press, 1996. 

115. Ministry of Social Affairs and Health, Finland. Sote-uudistus: Health and social services 
reform, 2021. https://soteuudistus.fi/en/frontpage (Accessed 13.1.2022). 

116. Jo, C. Cost-of-illness studies: concepts, scopes, and methods. Clinical and Molecular 
Hepatology 2014;20(4):327. 

117. Byford S., Torgerson D. J., Raftery J. Economic note: cost of illness studies. BMJ (Clinical 
research ed.) 2000;320(7245):1335-35. 

118. Rice D.P. Cost of illness studies: what is good about them? Injury Prevention 
2000;6(3):177. 

119. Jacobsen E., Boyers D., Avenell A. Challenges of Systematic Reviews of Economic 
Evaluations: A Review of Recent Reviews and an Obesity Case Study. 
PharmacoEconomics 2020;38(3):259-67. 

120. Liberati A., Altman D. G, Tetzlaff J., et al. The PRISMA statement for reporting systematic 
reviews and meta-analyses of studies that evaluate healthcare interventions: 
explanation and elaboration. BMJ 2009;339:b2700. 

121. Moher D., Liberati A., Tetzlaff J., Altman D. G., The Prisma Group. Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLOS 
Medicine 2009;6(7):e1000097. 

122. O’Connor D., Higgins J., Green S., (Eds). Cochrane Handbook for Systematic Reviews of 
Interventions Version 5.1.0, 2011. 

123. Haidich A. B. Meta-analysis in medical research. Hippokratia 2010;14(Suppl 1):29-37. 
 
124. Petrou S., Gray A. Economic evaluation using decision analytical modelling: design, 

conduct, analysis, and reporting. BMJ 2011;342(apr11 1):d1766-d66. 
125. Buxton M. J., Drummond M. F., Van Hout B. A., et al. Modelling in economic evaluation: 

an unavoidable fact of life. Health Econ 1997;6(3):217-27. 
126. Briggs A. H., Claxton K., Sculpher M. J. Decision modelling for health economic 

evaluation. Oxford: Oxford University Press, 2006. 
127. Beck J. R., Pauker S. G. The Markov process in medical prognosis. Med Decis Making 

1983;3(4):419-58. 
128. Sonnenberg F. A., Beck J. R. Markov models in medical decision making: a practical 

guide. Med Decis Making 1993;13(4):322-38. 
129. Gray A., Clarke P.M., Wolstenholme J.L., Wordsworth S. Applied Methods of Cost-

effectiveness Analysis in Healthcare: Oxford University Press, 2010. 
130. Briggs A., Sculpher M., Buxton M. Uncertainty in the economic evaluation of health care 

technologies: the role of sensitivity analysis. Health Econ 1994;3(2):95-104. 
131. Briggs A. H., Weinstein M. C., Fenwick E. A., Karnon J., Sculpher M. J., Paltiel A. D. Model 

parameter estimation and uncertainty: a report of the ISPOR-SMDM Modeling Good 
Research Practices Task Force--6. Value Health 2012;15(6):835-42. 

132. Briggs A., Sculpher M.. Sensitivity analysis in economic evaluation: A review of published 
studies. Health Economics 1995;4(5):355-71. 

133. Briggs A. H. Handling uncertainty in cost-effectiveness models. Pharmacoeconomics 
2000;17(5):479-500. 

134. Ademi Z., Kim H., Zomer E., Reid C. M., Hollingsworth B., Liew D. Overview of 
pharmacoeconomic modelling methods. Br J Clin Pharmacol 2013;75(4):944-50. 

135. Sun X., Faunce T. Decision-analytical modelling in health-care economic evaluations. Eur 
J Health Econ 2008;9(4):313-23. 



75 
 

136. Pharmaceutical Injury Insurance Pool: terms and conditions, 2007. 
 
137. Gourley S., Chen Y., Bass S., Austin S. China - compensation for drug and device-related 

injuries. London: Practical Law Company, 2009. 
138. Palonen R., Nio A., Mustajoki P. Potilas- ja lääkevahingot: Korvaaminen ja 

ennaltaehkäisy: Talentum, 2005. 
139. Patient Insurance Centre. Patient Rights. https://www.pvk.fi/en/claimant/patient-

rights/ (Accessed 4.5.2022). 
140. Paakkari I., Urho M.. Pharmaceutical injuries and their coverage. Duodecim 

2019;135(5):471-6. 
141. Indemnities Finnish Mutual Insurance Company for Pharmaceutical Injury. Statistics on 

the Pharmaceutical Injury Insurance in 2012-2020, 2020. 
142. Roujeau J-C., Le Pallec S. Who should support the costs of severe adverse drug 

reactions? Therapeutic Advances in Drug Safety 2011;2(1):5-8. 
143. France Assos. Santé. Why do victims of adverse drug reactions not get compensation in 

Europe? 2019. https://www.eu-patient.eu/news/latest-epf-news/2019/why-do-
victims-of-adverse-drug-reactions-not-get-compensation-in-europe/ (Accessed 
13.10.2021). 

144. Rowin M. A. Compensating Pharmaceutical Injuries in the Absence of Fault. Food Drug 
Law J 2014;69(3):447-70, ii. 

145. Hodges C. Nordic compensation schemes for drug injuries. Journal of consumer policy 
2006;29(2):143-75. 

146. Kauppila M., Backman J. T., Niemi M., Lapatto-Reiniluoto O. Incidence, preventability, 
and causality of adverse drug reactions at a university hospital emergency 
department. European Journal of Clinical Pharmacology 2020. 

147. Pirmohamed M., James S., Meakin S., et al. Adverse drug reactions as cause of admission 
to hospital: prospective analysis of 18 820 patients. Bmj 2004;329(7456):15-9. 

148. Geer M. I., Koul P. A., Tanki S. A., Shah M. Y. Frequency, types, severity, preventability 
and costs of Adverse Drug Reactions at a tertiary care hospital. Journal of 
Pharmacological and Toxicological Methods 2016;81:323-34. 

149. Li R., Curtis K., Zaidi S., Tabish R., Van C., et al. Prevalence, characteristics, and reporting 
of adverse drug reactions in an Australian hospital: a retrospective review of hospital 
admissions due to adverse drug reactions. Expert Opinion on Drug Safety 
2021;20(10):1267-74. 

150. Giardina C., Cutroneo P. M., Mocciaro E., et al. Adverse Drug Reactions in Hospitalized 
Patients: Results of the FORWARD (Facilitation of Reporting in Hospital Ward) Study. 
Frontiers in pharmacology 2018;9:350-50. 

151. Oscanoa T. J., Lizaraso F., Carvajal Alfonso. Hospital admissions due to adverse drug 
reactions in the elderly. A meta-analysis. European Journal of Clinical Pharmacology 
2017;73(6):759-70. 

152. Rodríguez-Monguió R., Otero M. j., Rovira J. Assessing the Economic Impact of Adverse 
Drug Effects. PharmacoEconomics 2003;21(9):623-50. 

153. Gyllensten H., Rehnberg Cl., Jönsson A. K., Petzold M., Carlsten A., Andersson Sundell K. 
Cost of illness of patient-reported adverse drug events: a population-based cross-
sectional survey. BMJ Open 2013;3(6):e002574. 

154. Hakkarainen K. M., Hedna K., Petzold M. Hägg S. Percentage of Patients with 
Preventable Adverse Drug Reactions and Preventability of Adverse Drug Reactions – 
A Meta-Analysis. PLoS One 2012;7(3). 



76 
 

155. Lazarou J., Pomeranz B. H., Corey P. N. Incidence of Adverse Drug Reactions in 
Hospitalized PatientsA Meta-analysis of Prospective Studies. JAMA 
1998;279(15):1200-05. 

156. Angamo M. T., Chalmers L., Curtain C. M., Bereznicki L. R. E. Adverse-Drug-Reaction-
Related Hospitalisations in Developed and Developing Countries: A Review of 
Prevalence and Contributing Factors. Drug Safety 2016;39(9):847-57. 

157. Patel P. B., Patel T. K. Mortality among patients due to adverse drug reactions that occur 
following hospitalisation: a meta-analysis. European Journal of Clinical 
Pharmacology 2019;75(9):1293-307. 

158. Lapatto-Reiniluoto O., Patinen L., Niemi M., Backman J. T., Neuvonen P. J. Drug-Related 
Inadvertent Deaths in a University Hospital--A Declining Trend. Basic Clin Pharmacol 
Toxicol 2015;117(6):421-6. 

159. Golder S., Loke Y. K., Wright K., Norman G. Reporting of Adverse Events in Published 
and Unpublished Studies of Health Care Interventions: A Systematic Review. PLoS 
Med 2016;13(9):e1002127. 

160. Kicinski M., Springate D. A., Kontopantelis Evangelos. Publication bias in meta-analyses 
from the Cochrane Database of Systematic Reviews. Statistics in Medicine 
2015;34(20):2781-93. 

161. Ventola C. L. The antibiotic resistance crisis: part 1: causes and threats. P T 
2015;40(4):277-83. 

162. Jacoby G. A. Mechanisms of Resistance to Quinolones. Clinical Infectious Diseases 
2005;41(Supplement_2):S120-S26. 

163. WHO. Antimicrobial resistance, 2020. https://www.who.int/health-
topics/antimicrobial-resistance (Accessed 1.10.2021). 

164. CDC Centers for Disease Control and Prevention. Antibiotic resistance threats in the 
United States. Atlanta, GA, 2019. 

165. Dadgostar P. Antimicrobial Resistance: Implications and Costs. Infection and Drug 
Resistance 2019;Volume 12:3903-10. 

166. White D. G., Piddock L. J. V., Maurer J. J., Zhao S., Ricci V., Thayer S. G. Characterization 
of Fluoroquinolone Resistance among Veterinary Isolates of Avian Escherichia coli. 
Antimicrobial Agents and Chemotherapy 2000;44(10):2897-99. 

167. WHO. Use of quinolones in food animals and potential impact on human health : 
report and proceedings of a WHO meeting, 1998.  (Accessed 10.10.2021). 

168. Hofer U. The cost of antimicrobial resistance. Nature Reviews Microbiology 
2019;17(1):3-3. 

169. Cassini A., Högberg L. D., Plachouras D., et al. Attributable deaths and disability-adjusted 
life-years caused by infections with antibiotic-resistant bacteria in the EU and the 
European Economic Area in 2015: a population-level modelling analysis. The Lancet 
Infectious Diseases 2019;19(1):56-66. 

170. Jonas O. B, Irwin A., Berthe F. C. J., Le Gall F. G., Marquez P. V. Drug-resistant infections: 
a threat to our economic future. Antimicrobial Resistance Initiative Washington, D.C. 
: World Bank Group 2017;2. 

171. Riaz L., Mahmood T., Khalid A., et al. Fluoroquinolones (FQs) in the environment: A 
review on their abundance, sorption and toxicity in soil. Chemosphere 
2018;191:704-20. 

172. Wu X. L., Xiang L., Yan Q. Y., et al. Distribution and risk assessment of quinolone 
antibiotics in the soils from organic vegetable farms of a subtropical city, Southern 
China. Sci Total Environ 2014;487:399-406. 

173. Wright G. D. The antibiotic resistome: the nexus of chemical and genetic diversity. 
Nature Reviews Microbiology 2007;5(3):175-86. 



77 
 

174. Pärnänen K. M.M., Narciso-da-Rocha C., Kneis D., Berendonk U.T., Cacace D., et.al. 
Antibiotic resistance in European wastewater treatment plants mirrors the pattern 
of clinical antibiotic resistance prevalence. Science Advances 2019;5(3):eaau9124. 

175. The first global study of pharmaceutical contamination in riverine environments. ETAC 
Europe 29th Annual Meeting, 2019. Helsinki, 2019. 

176. Evang, K., Mayer E.E., Sainsbury, P. Promoting Health in the Human Environment: A 
Review Based on the Technical Discussions Held During the Twenty-seventh World 
Health Assembly, 1974. WHO. Geneva, 1975. 

 
177. von Elm E., Altman D. G., Egger M., Pocock S. J., Gøtzsche P. C., Vandenbroucke J. P. The 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
Statement: Guidelines for reporting observational studies. International Journal of 
Surgery 2014;12(12):1495-99. 

178. Hujanen T. Unit costs of health care in Finland in 2001. In: (STAKES) National Research 
and Development Centre for Welfare and Health, ed. Helsinki, 2003. 

179. Hujanen T., Kapiainen S., Tuominen U., Pekurinen M. Unit costs of health care in Finland 
in 2006. In: (STAKES) National Research and Development Centre for Welfare and 
Health, ed. Helsinki, 2008. 

180. Kapiainen S. Väisänen A., Haula T. Unit costs of health and social care in Finland in 2011. 
THL Report 3/2014, 2014. 

181. Finnish Tax Administration. Kilometre and per diem allowances, 2021. 
https://www.vero.fi/en/individuals/vehicles/kilometre_and_per_diem_allowances
/ (Accessed 11.1.2021). 

182. Makkonen K., Asikainen R. Time and Travel Costs in Health Care [Master's Thesis]. 
University of Kuopio, 1998. 

183. Tan S. S., Bouwmans C. A., Rutten F. F., Hakkaart-van Roijen L. Update of the Dutch 
Manual for Costing in Economic Evaluations. Int J Technol Assess Health Care 
2012;28(2):152-8. 

184. Rosenqvist G., Strandvik T. NBDX -The Negative Binomial Model with Explanatory 
Variables. Meddelanden från Svenska Handelshögsskolan Helsinki 1989 : 197, p. 1-
30.  

185. Hyrylä M.L.J., Sintonen H. The use of health services in the management of wound 
infection. The Journal of hospital infection 1994;26(1):1-14. 

186. Arinen S., Rosenqvist G., Sintonen H. Nuorten aikuisten hammashoitokäynnit ennen 
subventiouudistusta ja sen jälkeen. Sosiaalilääketieteellinen aikakauslehti 
1991;28(4):298-307. 

187. Aber A., Tong T., Chilcott J., et al. Outcomes of aortic aneurysm surgery in England: a 
nationwide cohort study using hospital admissions data from 2002 to 2015. BMC 
Health Serv Res 2019;19(1):988. 

188. Mäklin S., Laukontaus S., Salenius J.P., Romsi P., et.al. [Screening for abdominal aortic 
aneurysms in Finland]. Helsinki, Finland.: Finnish Institute for Health and Welfare, 
2011. 

189. Philips Z., Ginnelly L., Sculpher M., et al. Review of guidelines for good practice in 
decision-analytic modelling in health technology assessment. Health Technol Assess 
2004;8(36):iii-iv, ix-xi, 1-158. 

190. Johnson J.A., Bootman J.L. Drug-related morbidity and mortality. A cost-of-illness 
model. Arch Intern Med 1995;155(18):1949-56. 

191. Watanabe J. H., McInnis T., Hirsch J. D. Cost of Prescription Drug-Related Morbidity and 
Mortality. Ann Pharmacother 2018;52(9):829-37. 

192. Software TreePlan. TreePlan® Decision Tree Add-in for Excel, 2021. 



78 
 

 
193. Dhalla I. A., Mamdani M. M., Simor A. E., Kopp A., Rochon P. A., Juurlink D. N. Are 

broad-spectrum fluoroquinolones more likely to cause Clostridium difficile-
associated disease? Antimicrobial agents and chemotherapy 2006;50(9):3216-19. 

194. Kaye J. A., Castellsague J., Bui C. L., et al. Risk of acute liver injury associated with the 
use of moxifloxacin and other oral antimicrobials: a retrospective, population-
based cohort study. Pharmacotherapy 2014;34(4):336-49. 

195. McFarland L. V., Clarridge J. E., Beneda H. W., Raugi G. J. Fluoroquinolone use and risk 
factors for Clostridium difficile-associated disease within a Veterans 
Administration health care system. Clinical Infectious Diseases 2007;45(9):1141-51. 

196. Muto C. A., Pokrywka M., Shutt K., et al. A large outbreak of Clostridium difficile-
associated disease with an unexpected proportion of deaths and colectomies at a 
teaching hospital following increased fluoroquinolone use. Infection Control & 
Hospital Epidemiology 2005;26(3):273-80. 

197. Paterson J. M., Mamdani M. M., Manno M., Juurlink D. N., Canadian Drug Safety, 
Effectiveness Research Network. Fluoroquinolone therapy and idiosyncratic acute 
liver injury: a population-based study. CMAJ 2012;184(14):1565-70. 

198. Llop C. J., Tuttle E., Tillotson G. S., LaPlante K., File T. M., Jr. Antibiotic treatment 
patterns, costs, and resource utilization among patients with community acquired 
pneumonia: a US cohort study. Hospital practice (1995) Hospital practice 
2017;45(1):1-8. 

199. Aspinall S. L., Good C. B., Jiang R., McCarren M., Dong D., Cunningham F. E. Severe 
dysglycemia with the fluoroquinolones: a class effect? Clinical Infectious Diseases 
2009;49(3):402-8. 

200. Mah N., Ahern J., Terhune C., Alston W. Interaction of Age and Levofloxacin Exposure 
on the Incidence of Clostridium difficile Infection. Infectious Diseases in Clinical 
Practice 2011;19:262-64. 

201. Jamunarani R., Priya M. "Analysis of adverse drug reaction related hospital 
admissions and common challenges encountered in ADR reporting in a tertiary care 
teaching hospital". Asian Journal of Pharmaceutical and Clinical Research 
2014;7:141-43. 

202. Martí L., Olmo del J., Tosca J., et al. Clinical evaluation of drug-induced hepatitis. 
Revista española de enfermedades digestivas : organo oficial de la Sociedad 
Española de Patología Digestiva 2005;97:258-65. 

203. Mjörndal T., Boman M. D., Hägg S., et al. Adverse drug reactions as a cause for 
admissions to a department of internal medicine. Pharmacoepidemiol Drug Saf 
2002;11(1):65-72. 

204. Noel M., Sushma M., Guido S. Cutaneous adverse drug reactions in hospitalized 
patients in a tertiary care center. Indian Journal of Pharmacology 2004;36(5):292-
95. 

205. Olivier P., Boulbés O., Tubery M., Lauque D., Montastruc J-L., Lapeyre-Mestre M. 
Assessing the Feasibility of Using an Adverse Drug Reaction Preventability Scale in 
Clinical Practice. Drug Safety 2002;25(14):1035-44. 

206. Patel K., Kedia M., Bajpai D., Mehta S., Kshirsagar N., Gogtay N. Evaluation of the 
prevalence and economic burden of adverse drug reactions presenting to the 
medical emergency department of a tertiary referral centre: a prospective study. 
BMC Clinical Pharmacology 2007;7(1):8. 

207. Sánchez Muñoz-Torrero J. F., Barquilla P., Velasco R., et al. Adverse drug reactions in 
internal medicine units and associated risk factors. Eur J Clin Pharmacol 
2010;66(12):1257-64. 



79 
 

208. Su P., Aw C. W. Severe cutaneous adverse reactions in a local hospital setting: a 5-year 
retrospective study. Int J Dermatol 2014;53(11):1339-45. 

209. Perrone V., Conti V., Venegoni M., et al. Seriousness, preventability, and burden 
impact of reported adverse drug reactions in Lombardy emergency departments: 
a retrospective 2-year characterization. Clinicoecon Outcomes Res 2014;6:505-14. 

210. Jayarama N., Shiju K. S., Prabhakar K. Adverse drug reactions in adults leading to 
emergency department visits. International Journal of Pharmacy and 
Pharmaceutical Sciences 2012;4:642-46. 

211. Statistics Finland. Wages, Salaries and Labour Costs, 2021. 
https://www.tilastokeskus.fi/tup/suoluk/suoluk_palkat_en.html (Accessed 
11.1.2021). 

212. KELA. Generic substitution and the reference price system, 2019. 
https://www.kela.fi/web/en/generic-substitution-and-the-reference-price-system1 
(Accessed 13.9.2021). 

213. White T. J., Arakelian A., Rho J. P. Counting the Costs of Drug-Related Adverse Events. 
PharmacoEconomics 1999;15(5):445-58. 

214. Classen D. C., Pestotnik S. L., Evans R. S., Lloyd J. F., Burke J. P. Adverse drug events in 
hospitalized patients. Excess length of stay, extra costs, and attributable mortality. 
Jama 1997;277(4):301-6. 

215. Ciminata G., Geue C., Langhorne P., Wu O. A two-part model to estimate inpatient, 
outpatient, prescribing and care home costs associated with atrial fibrillation in 
Scotland. BMJ Open 2020;10(3):e028575. 

216. Magdelijns F. J., Stassen P. M., Stehouwer C. D., Pijpers E. Direct health care costs of 
hospital admissions due to adverse events in The Netherlands. Eur J Public Health 
2014;24(6):1028-33. 

217. Fimea Finnish Medicines Agency and Social Insurance Institution of Finland. Finnish 
statistics on medicines, 2013. 

218. Urho M. [Liability for drug-related injury : a functional compensation system]. University 
of Turku, 2015. 

219. Loke Y. K., Derry S., Aronson J. K. A comparison of three different sources of data in 
assessing the frequencies of adverse reactions to amiodarone. Br J Clin Pharmacol 
2004;57(5):616-21. 

220. EMA European Medicines Agency. EudraVigilance - European database of suspected 
adverse drug reaction reports, 2022. https://www.adrreports.eu/en/index.html 
(Accessed 18.5.2022) 

221. NIHR: National Institute for Health Research. PROSPERO: International prospective 
register of systematic reviews, 2022. https://www.crd.york.ac.uk/prospero/ 
(Accessed 18.5.2022) 

222. Cui Y., Dong D., Zhang L., et al. Risk factors for Clostridioides difficile infection and 
colonization among patients admitted to an intensive care unit in Shanghai, China. 
BMC Infectious Diseases 2019;19(1):961. 

223. Abdulah R., Suwandiman T. F., Handayani N., et al. Incidence, causative drugs, and 
economic consequences of drug-induced SJS, TEN, and SJS-TEN overlap and potential 
drug–drug interactions during treatment: A retrospective analysis at an indonesian 
referral hospital. Therapeutics and Clinical Risk Management 2017;13:919-25. 

224. Frankel W. C., Trautner B. W., Spiegelman A., Grigoryan L., LeMaire S. A. Patients at Risk 
for Aortic Rupture Often Exposed to Fluoroquinolones during Hospitalization. 
Antimicrobial Agents & Chemotherapy 2019;63(2):02. 

225. Gout-Zwart J. J., Olde Hengel E. H. J., Hoogland P., Postma M. J. Budget Impact Analysis 
of a Renal Point-of-Care Test in Dutch Community Pharmacies to Prevent Antibiotic-



80 
 

Related Hospitalizations. Applied Health Economics and Health Policy 2019;17(1):55-
63. 

226. Haiping L., Ziqiang J., Qina Z., Yuhua D. Adverse reactions of fluoroquinolones to central 
nervous system and rational drug use in nursing care. Pakistan Journal of 
Pharmaceutical Sciences 2019;32(1(Special)):427-32. 

227. Horodnycha O., Zimenkovsky A. Antibiotic allergy as a cause of hospitalization in adults: 
a hospital-based study in Ukraine. Pharmacy Practice-Granada 2021;19(1). 

228. Kamejaliya D. Z., Kapadia J. D., Desai C. K., Desai M. K. An intensive monitoring of 
adverse drug reactions among elderly patients hospitalized in medical wards of a 
tertiary care hospital. Journal of Young Pharmacists 2017;9(4):598-604. 

229. Karaoui W. R., Rustam L. B. O., Bou Daher H., et al. Incidence, outcome, and risk factors 
for recurrence of nosocomial Clostridioides difficile infection in adults: A prospective 
cohort study. Journal of Infection and Public Health 2020;13(4):485-90. 

230. Lee C-C., Lee M. G., Hsieh R., et al. Oral Fluoroquinolone and the Risk of Aortic Dissection. 
Journal of the American College of Cardiology (JACC) 2018;72(12):1369-78. 

231. Lodise T. P., Mistry R., Young K., LaPensee K. Decision Analysis: Omadacycline Relative 
to Moxifloxacin Among Hospitalized Community-Acquired Bacterial Pneumonia 
Patients at Risk of Clostridioides difficile Infection. Clinical Drug Investigation 
2021;41(3):269-75. 

232. Wall G. C., Taylor M. J., Smith H. L. Prevalence and characteristics of hospital inpatients 
with reported fluoroquinolone allergy. International Journal of Clinical Pharmacy 
2018;40(4):890-94. 

233. Yang L., Shou Y. H., Li F., Zhu X. H., Yang Y. S., Xu J. H. Retrospective study of 213 cases 
of Stevens–Johnson syndrome and toxic epidermal necrolysis from China. Burns 
2020;46(4):959-69. 

234. Reeves B.C., Deeks J.J., Higgins J.P.T., Shea B., Tugwell P., Wells G.A. Including non-
randomized studies on intervention effects. In: Higgins JPT, Thomas J, Chandler J, 
Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook for Systematic 
Reviews of Interventions version 6.2. : Cochrane, 2021. 

235. Odgaard-Jensen J., Vist G. E., Timmer A., et al. Randomisation to protect against 
selection bias in healthcare trials. Cochrane Database of Systematic Reviews 
2011;2015(4). 

236. Pitrou I., Boutron I., Ahmad N., Ravaud P. Reporting of safety results in published reports 
of randomized controlled trials. Arch Intern Med 2009;169(19):1756-61. 

237. Günther C. Anstieg der Clostridium difficile-assoziierten Diarrhoe nach Einsatz von 
Moxifloxacin – eine klinische Beobachtungsstudie mit stationären Patienten. 
Doctoral Thesis. . Medizinische Fakultät Charité – Universitätsmedizin Berlin, 2010. 

238. Zaiss N. H., Witte W., Nübel U. Fluoroquinolone resistance and Clostridium difficile, 
Germany. Emerging infectious diseases 2010;16(4):675-77. 

239. Adams S. D., Mercer D. W. Fulminant Clostridium difficile colitis. Curr Opin Crit Care 
2007;13(4):450-5. 

240. Li B.Y., Oh J., Young V. B., Rao K., Wiens J. Using Machine Learning and the Electronic 
Health Record to Predict Complicated Clostridium difficile Infection. Open Forum 
Infectious Diseases 2019;6(5). 

 

 

 

 


	ABSTRACT
	TIIVISTELMÄ
	CONTENTS
	LIST OF ORIGINAL PUBLICATIONS
	LIST OF TABLES
	LIST OF FIGURES
	ABBREVIATIONS
	DEFINITIONS
	1 INTRODUCTION
	2 BACKGROUND AND REVIEW OF THE LITERATURE
	3 AIMS OF THE STUDY
	4 MATERIALS AND METHODS
	5 RESULTS
	6 DISCUSSION
	7 CONCLUSIONS
	8 ACKNOWLEDGEMENTS
	REFERENCES



