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Abstract 
Background and aims: Drug treatment is a keystone in modern healthcare and for safe 
prescribing of drugs, an overall medical perspective has to be applied, taking patient 
characteristics into account. For each medication, and all medications combined, expected 
benefits must be weighed against the risks of harms; adverse drug reactions, sometimes 
leading to hospitalization, is a matter of concern. In striving for rational use of medicines, 
evidence regarding measures of prescribing quality is needed, as well as knowledge 
regarding how to facilitate the acquisition of prescribing skills in junior physicians. The 
aims of this thesis were (i) to investigate the clinical relevance of a set of prescribing 
indicators often used in research to reflect quality of drug treatment, and (ii) to evaluate 
inter-rater agreement in assessments of drug treatment quality, as well as (iii) to appraise 
the effects of an educational intervention on pharmacotherapy towards interns, and (iv) 
to explore what aspects junior physicians find important when being taught the art of 
prescribing.  

Methods and results: (i) Assessing the drug treatment of 200 hip fracture patients from a 
medical perspective, we show that half of the STOPP/START criteria (Screening Tool of 
Older Persons’ Prescriptions/Screening Tool to Alert to Right Treatment) are clinically 
relevant when individual characteristics of the patient are considered, and that suboptimal 
prescribing occur more often in those with a large number of drugs in the medication list 
and those who have their drugs provided by the multi-dose drug dispensing system. (ii) 
Investigating the inter-rater agreement regarding pharmacotherapeutic assessments, based 
on five physicians specialized/specializing in internal medicine assessing the drug 
treatment of 30 randomly selected inpatients, the reliability using such assessors seems to 
be very good for quality-related aspects, whereas the relationship between the drug 
treatment and the admission appears to be more challenging to determine, especially 
among residents. In one randomized controlled study (iii) and one qualitative study (iv), 
including 57 and 34 interns, respectively, at Sahlgrenska University Hospital, we show that 
a short, structured and discussion-based education based on clinical cases increases the 
confidence in performing basic medication reviews, and that discussion-based, small-
group teaching on authentic patient cases with an atmosphere allowing questions, together 
with assignments and feedback, are important educational aspects for the interns.  

Conclusion: This thesis illustrates the value of including an overall medical perspective in 
measures of prescribing quality and that reliability may be an important issue to consider 
in pharmacotherapeutic assessments. Further, this work provides evidence on how to 
educate junior physicians in order to make them more confident in the art of prescribing 
i.e., facilitating their acquisition of skills to apply an overall medical perspective in 
pharmacotherapy.  

Keywords: Prescribing quality, adverse drug reactions, clinical relevance, inter-rater 
reliability, education
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Sammanfattning på svenska 
Läkemedelsbehandling är en central del i modern sjukvård. För effektiv och säker 
användning av läkemedel krävs ett medicinskt helhetsperspektiv, med kunskap om såväl 
sjukdomar i sig som olika behandlingsmöjligheter, liksom kännedom om den individuella 
patienten. För varje läkemedel, och för kombinationer av flera, behöver nyttan med 
behandlingen vägas mot eventuella risker. Det är känt att läkemedel kan ge biverkningar, 
oftast lindriga, men ibland allvarliga, vilka till exempel kan bidra till inläggning på sjukhus. 
I strävan för rationell och säker läkemedelsanvändning behövs ökad evidens kring hur vi 
mäter läkemedelsbehandlingens kvalitet, samt eventuella biverkningar. Likaså behövs 
ytterligare kännedom om hur vi på bästa sätt kan förbereda yngre läkare för den komplexa 
uppgiften att behandla patienter med läkemedel på ett säkert sätt.  

I den första delen av avhandlingen undersöktes (i) i hur stor utsträckning indikatorer för 
god läkemedelsbehandling är kliniskt relevanta för den enskilde patienten, samt (ii) graden 
av samstämmighet mellan läkare när de utifrån ett övergripande medicinskt perspektiv gör 
bedömningar av läkemedelsbehandlingens kvalitet på individnivå och relationen mellan 
läkemedel och inläggningar på sjukhus. Frågeställningarna undersöktes i en deskriptiv 
studie, inkluderande 200 patienter med höftfraktur, och i en reliabilitetsstudie med 30 
slumpvist utvalda patienter inlagda på Sahlgrenska Universitetssjukhuset.  

I avhandlingens andra del testades hypotesen (iii) att en kort, strukturerad och 
diskussionsbaserad utbildningsinsats utgående från patientfall, riktade mot AT-läkare, kan 
öka tryggheten i läkemedelsarbetet, jämfört med ingen sådan utbildning. Vidare 
undersöktes (iv) vilka aspekter yngre läkare tycker är viktiga när de utbildas i konsten att 
behandla patienter med läkemedel. Metodiken bestod av en randomiserad kontrollerad 
studie och en kvalitativ studie, där 57 respektive 34 AT-läkare deltog.  

Resultaten i den första delen av avhandlingen visar att STOPP/START-kriterier 
(Screening Tool of Older Persons’ Prescriptions/Screening Tool to Alert to Right 
Treatment) är kliniskt relevanta i ungefär hälften av fallen när man tar hänsyn till den 
enskilde patientens förhållanden, samt att antal ordinerade läkemedel och användning av 
dospåsar ökar risken för kliniskt relevanta STOPP/START-utfall. Vidare visas att 
samstämmigheten är mycket god mellan läkare med internmedicinsk bakgrund när det 
gäller bedömning av läkemedelsbehandlingens kvalitet, men att bedömningar av 
biverkningar är mer komplext, framför allt för ST-läkare.  

Resultaten i den andra delen av avhandlingen visar att en kort, diskussionsbaserad 
utbildningsinsats för AT-läkare ger ökad trygghet att genomföra enkla 
läkemedelsgenomgångar, liksom ökad trygghet även vad gäller andra viktiga aspekter av 
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läkemedelsarbetet. Den kvalitativa analysen visar att diskussionsbaserad 
smågruppsundervisning, baserad på autentiska patientfall, med högt i tak för olika frågor 
och funderingar, samt med möjlighet till feedback, är viktiga aspekter för AT-läkarnas 
lärande.  

Sammanfattningsvis belyser avhandlingen vikten av medicinska bedömningar utifrån ett 
helhetsperspektiv i studier av kvalitet av läkemedelsbehandling och biverkningar. Vidare 
bidrar avhandlingen med evidens avseende hur vi kan utbilda yngre läkare så att de blir 
trygga i det läkemedelsarbete som ingår i yrkesrollen, det vill säga att behandla patienter 
utifrån en medicinsk helhetssyn. 
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Introduction 
Drug treatment is a keystone in modern healthcare, and with an increasing use of 
pharmaceutical drugs [1] and an ageing population with often multiple diseases, combined 
with an increasing number of therapeutic alternatives, use of medicines is a challenge. 
According to the World Health Organization (WHO), rational use of medicines means 
that “each patient shall receive medications appropriate to their clinical needs, in doses 
that meet their own individual requirements, for an adequate period of time, and at the 
lowest cost to them and their community”. Over the last decades, numerous articles and 
reviews have been published on adverse drug reactions, inappropriate medications and 
drug-related hospital admissions [2-7], indicating that the need for safe and rational 
prescribing may not be met. Besides descriptive statistics on suboptimal drug treatment, 
apprehensions have been raised that medical students and junior physicians may be 
inadequately prepared in prescribing and pharmacotherapy, as an explanation to why 
junior doctors make more mistakes than their senior colleagues when they prescribe 
medications [8-12].  
 
Prescribing of drugs is a complex task that requires several levels of knowledge and 
experience. Scientific development may add enhanced precision in future drug treatment 
[13], however, independent of scientific advances in diagnostics and treatment, there are 
basic aspects of drug treatment that needs to be fulfilled at all times. The most obvious 
part is deciding on the most suitable drug for treating a certain condition, considering the 
specific patient’s comorbidities while weighing the benefits against the risks, taking into 
account the patient’s wishes, i.e., the medical perspective of pharmacotherapy. Further, 
with the initiation of medicines comes the responsibility of managing continuous 
treatment, which includes monitoring effects and adverse effects, and deciding, in 
collaboration with the patient, on continuing, changing or discontinuing the treatment as 
time goes on. Individual treatment strategies may also need to be revised according to 
advances in drug development or due to emerging evidence, for instance reflected in 
updated guidelines. Last but not least, the patients’ conditions evolve and change over 
time, which requires ongoing reconsideration of their drug treatment. Continuous patient 
involvement in treatment decisions, including education and assessing attitudes towards 
drug treatment, may not only be important to find a suitable treatment plan, but also to 
address non-adherence concerns – which has been reported as a non-negligible factor in 
drug treatment [14-17]. In summary, appropriate prescribing of medications is a 
demanding task for physicians, and the importance of preparing junior physicians in the 
best possible ways is being discussed in the scientific literature [12]. 
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Measuring drug treatment quality 

Quality 
Although the WHO definition of rational use of medicines may reflect high quality 
prescribing, there is yet no generally accepted gold standard to determine the quality of 
drug treatment. There have been attempts to establish core outcome sets, including for 
example potentially inappropriate medications, drug-drug interactions, drug 
overuse/underuse, as suggested outcome measures to be used in clinical trials [18, 19]. 
One widely spread approach has been to target polypharmacy among older persons [20], 
commonly defined as the use of five or more drugs, although not all studies employ the 
same definition [21]. However, polypharmacy in general has been shown not to reflect 
suboptimal treatment in older patients [22], and the number of drugs in the medication 
list may rather be a surrogate measure of burden of disease [23]. Further, a recent review 
of the effects of pharmaceutical care interventions to reduce inappropriate polypharmacy 
concluded that no patient benefit could be observed with such an approach [24]. Although 
numerous studies have described drug treatment quality in terms of potentially 
inappropriate medications or drug-related problems, few studies have applied a broader 
overall medical perspective in the assessments, including, for instance, the expected 
benefit-risk balance for the specific patient that has to be considered in the prescribing 
process.  

Tools 
Over the last decades there have been several attempts to create tools to assess medication 
appropriateness, mainly regarding treatment of older persons [25]. The general idea has 
been to find a structured, easy-to-follow method to detect potentially inappropriate 
medications (PIMs) and potential prescribing omissions (PPOs), the latter pointing out 
medications that are indicated but for some reason not prescribed. Two major approaches 
have arisen in the development of such tools, consisting of either implicit listing tools that 
are based on medical judgement requiring knowledge about the individual patient, or 
explicit criterion-based tools to be used without intricate information about the patients 
[26]. In a recent review of listing tools by Pazan et al., a different categorization is 
suggested, dividing the tools into (1) drug-oriented listing approaches, with or without 
suggestions linked to indications, and (2) patient-oriented listing approaches, where 
knowledge about the patients is needed [25]. With this classification, the well-known 
medication appropriateness index, known as the MAI score [27], the updated Beers 
criteria [28] and the STOPP (Screening Tool of Older Persons’ Prescriptions) criteria are 
classified as drug-oriented, whereas the START (Screening Tool to Alert to Right 
Treatment) criteria [29, 30] are classified as patient-oriented. Other tools, such as the 
Quality Indicators for Drug Use in Elderly People, by the Swedish National Board of 
Health and Welfare [31], also apply a patient-oriented approach, requiring knowledge 
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about the patients. These help systems to detect PIMs/PPOs have been created to 
facilitate for physicians in clinical practice, as well as in research to provide prevalence 
figures of inappropriate medications [32-35]. In the research setting, application of tools 
aiming to find all potentially inappropriate medications may be problematic, as the therapy 
may not be inappropriate from a medical perspective for the specific patient. Low 
application rates of pharmacist recommendations to the attending physicians after 
application of the STOPP/START criteria suggest that the clinical relevance of 
PIMs/PPOs may be an issue [36]. There are several studies providing prevalence figures 
of PIMs and PPOs, but less is known about the clinical relevance of these tools at the 
individual level.  

Adverse consequences 
An adverse drug reaction (ADR) is defined as “a response to a drug that is noxious and 
unintended and occurs at doses normally used in man for the prophylaxis, diagnosis or 
therapy of disease, or for modification of physiological function”. Since 2012, this 
regulatory definition includes not only noxious and unintended effects from authorized 
use at normal doses, but also from medication errors and from misuse and abuse of drugs 
[37, 38]. Adverse drug events (ADE) are sometimes used in parallel to ADR. However, 
an important difference between an ADR and an ADE is that the latter includes all 
adverse events occurring during or after the time a patient uses a medicine, while for 
ADRs, causality or suspected causality connecting the event and the drug is required [39]. 
The prevalence and incidence of ADRs, as well as ADEs, has been explored in numerous 
studies during the last decades [40-42], with concurrent concern of the lack of consistency 
in terminology [43], possibly partly explaining the variations in prevalence regarding 
various measures in patient safety matters.  
 
Another important concept in drug safety terminology is pharmacovigilance, which is 
defined by the WHO as the “science and activities relating to the detection, assessment, 
understanding and prevention of adverse effects or any other medicine related problem” 
[44]. From a pharmacovigilance perspective, it is important to detect all possible 
symptoms and conditions that may be related to the use of a drug. Further assessments 
will then have to be carried out to determine whether or not the event was actually caused 
by the drug. There are several instruments for such assessments of causality, for example 
the criteria defined by the WHO-Uppsala Monitoring Centre (WHO-UMC) [45], the 
Naranjo algorithm [46] and the updated logistic probabilistic method [47]. The WHO 
causality system is a widely accepted method although dependent on assessor expertise 
and judgement, whereas the Naranjo algorithm, commonly used in observational studies, 
while showing high inter-rater reliability, has had issues with low sensitivity [48]. The 
updated logistic probabilistic method, showing similar reliability as the Naranjo score, is 
more complex to use and time consuming [49]. In summary, there is yet no gold standard 
for assessing causality of adverse drug reactions, and commonly used instruments all have 
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their pros and cons. One thing they seem to have in common though, is that they all 
include some degree of subjective assessments. Indeed, the relationship between a drug 
and an event is rarely crystal clear. As a consequence, an ADR may be considered a 
differential diagnosis that can be hard to distinguish from worsening and emerging 
morbidities and disorders. However, despite the lack of a gold standard for assessing 
causality, the use of an instrument could help to structure the assessments. In a recent 
review article where the prevalence of drug-related hospital admissions was investigated, 
surprisingly, only ten out of sixteen studies reported about the causality assessments 
performed and inter-rater agreement was reported in merely three studies [7].  
 
Research during the last decades have reported widely diverging prevalence figures of 
hospital admissions related to drugs ranging from 0.16 to 41% [3, 7, 40, 50]. There may 
be several potential reasons for this considerable variation. For example, studies are 
conducted in different countries and include diverse patient populations. Different 
terminology is used to describe similar outcomes, and definitions are sometimes vague, 
exemplified with the term “drug-related problems”. While several studies use “adverse 
drug reactions” as a primary outcome, others use “drug-related problems”, and, in the 
end, the results from such studies are sometimes merged into the same category [7]. 
Further, different causality instruments are used and the definition of a “drug-related 
admission”, as well as level of causality between a drug and a reaction required for an 
admission to be labelled “drug-related”, differ among studies. For instance, while some 
studies require a causality level of “probable”, defined by the WHO as a reaction “unlikely 
to be attributed to disease or other drugs”, other studies allow the lower level, “possible”, 
defined as a reaction that “could also be explained by disease or other drugs”, to count as 
a drug-related admission [45]. As most ADRs are categorized as “possible” [47, 51], using 
different requirements in definitions will generate diverging results. Finally, there are also 
differences in how studies define the level of contribution to hospital admission. Some 
differentiate between “main reason” and “contributory reason” [52], while others use 
terms like “associated with admission” or “related to admission” [53, 54]. Altogether, this 
methodological variation regarding definitions may create grounds for diverging results.   

Reliability 
In order to provide valid results, outcomes need to be measured in a reliable way. When 
using assessors as instruments, the terms intra-rater and inter-rater agreement illustrate 
this methodological concern. While intra-rater reliability describes the agreement between 
two assessments on two different occasions by the same assessor, inter-rater reliability 
relates to agreement between multiple assessors rating the same phenomenon. The 
statistical methods of measuring reliability have evolved through the years, starting with 
simply calculating the percent agreement between the assessment sets, followed by 
Cohen’s kappa in the sixties, which also take into consideration the agreement by chance 
[55]. This commonly used method was followed by variants of kappa, as for instance 
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Fleiss kappa and Light’s kappa for multiple raters, the former used for raters randomly 
sampled for each subject, and the latter when all raters assess all subjects, calculating the 
average of Cohen’s kappa between all possible pairs of raters [56]. However, in studies 
with high prevalence of ratings within certain categories, kappa estimates are typically 
disproportionally low, explained as one of the known paradoxes of kappa [57]. One way 
to overcome this was described by Byrt and Bishop, although their method does not take 
into account the other part of the paradox, concerning bias of the raters [56]. In such 
situations, when the marginal distribution of ratings in specific cases is substantially 
different between assessors, kappa estimates tend to get disproportionally high. To 
overcome this phenomenon, Siegel and Castellan’s kappa can be used, although this 
method has the same weakness concerning skewed prevalence as Cohen’s kappa [56]. In 
order to deal with both parts of the paradox, Gwet proposed a new way to calculate inter-
rater agreement that is less sensitive to skewed ratings as well as bias of the raters [58, 59]. 
 
Several studies have been performed on drug-related problems and the relationship 
between drugs and hospital admissions [3, 4, 7], and inter-rater reliability has been 
addressed, although the number of assessors has been few, often restricted to two [60-
62]. In studies with multiple raters, the assessed patients have commonly been pre-selected 
as having drug-related problems [63-66], or they have been elective [67] or fictitious [68]. 
Further, in a review of studies concerning preventability of ADEs, Hakkarainen et al. 
concluded that reliability between assessors, mostly two, varied markedly, and that the 
instruments of determining preventability were imprecise [60]. Studies providing 
agreement figures regarding causality assessments of drug-related admissions show kappa 
values ranging from 0.16 to 0.83, with the majority of assessors being pharmacists [7, 66, 
69]. 

Strategies to improve prescribing 

Prescribing competence 
Clinical pharmacology and pharmacotherapy have been elements of education in medical 
school in Europe for many years, though, during the last decade concerns of the extent 
of the education have been brought to attention. Studies have shown that junior doctors 
make more prescribing errors, which perhaps reflects that managing drug treatment is a 
demanding task that requires adequate medical skills and knowledge [11, 12, 70]. In a 
recent study of 895 final-year medical students in Europe, the potential for improvements 
in medical school was illustrated [8]. This is in line with a study directed towards teachers 
responsible for clinical pharmacology and therapeutics in European medical schools, that 
showed that a majority of the teachers felt that they did not prepare the students 
sufficiently for the coming task of prescribing [71]. In a review of studies concerning 
prescribing competence among medical students, there was a lack of consensus among 
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teachers in clinical pharmacology on what skills medical students should have after 
graduating, and the students seem to experience a lack of self-confidence in prescribing-
related matters [9]. As junior physicians are responsible for writing a substantial number 
of prescriptions, they may be an optimal target for educational interventions [10].  

What has been done? 
To target the aim of sufficient prescribing competence at graduation, measures have been 
taken to improve education in pharmacotherapy. One example is the Prescribing Safety 
Assessment (PSA) in the United Kingdom, designed to be a comprehensive test of 
competence in prescribing and supervising the use of medicines, directed towards final-
year medical students [72]. Further, a core curriculum for education in clinical 
pharmacology and therapeutics has been outlined after involving teachers from 27 
European countries, suggesting an entire 252 outcomes to be included in undergraduate 
education [73]. Similar to the efforts in the United Kingdom, medical schools in the 
Netherlands and Belgium have developed a pharmacotherapy test, focusing on safe 
prescribing, that is mandatory before graduation [74]. A recent study in Sweden showed 
that medical students increased their confidence in prescribing after introduction of a 
modified course in clinical pharmacology that included, for example, clarified learning 
outcomes and a list of common drugs [75].  
 
As the art of prescribing takes time to master, actions for improved education in medical 
school need to be followed by continuous education during professional practice, perhaps 
in particular for junior physicians. Indeed, basic knowledge in prescribing, as well as 
indicators of prescribing quality, recommendations and guidelines, are helpful tools in 
decision-making [31, 76, 77], but in order to make reasonable decisions in a complex 
clinical context, basic knowledge and general guidelines may not be sufficient [78, 79]. 
Junior physicians may need a structured and supervised, continuous education in drug 
treatment management in order to quickly adapt the concepts of safe and rational 
prescribing. Active learning, as for example problem-solving and workshops, in contrast 
to traditional lecturing, has been shown to improve students’ scores [80], and could 
perhaps be combined with creative and interactive discussions on clinical cases [81], in 
order to provide an environment where complex matters of prescribing could be 
elaborated upon. This might give the inexperienced physicians the opportunity to 
incorporate various important aspects of drug treatment. Cochrane reviews also provide 
insights regarding the small but possibly important positive effect of educational outreach 
visits regarding prescribing, as well as continuing educational meetings, including audit 
and feedback for improved professional practice [82, 83]. The latter, however, seem less 
likely to be effective on changing complex behaviors [83].  
 
There are indications that few junior physicians find current education on prescribing 
sufficient, and they are asking for problem-based learning in the form of seminars [84]. 
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Even though all attempts to improve the education in clinical pharmacology and 
therapeutics are for the better, they are likely to be designed by the education providers 
themselves. Planning educational efforts in consultation with the targeted students may 
be a favorable approach. 
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Aims 
The overall aim of this thesis was divided in two. In the first part, attention was directed 
towards how we measure medication appropriateness, drug treatment quality and drug-
related events, with the basic assumption that an overall medical perspective may add 
insights of importance. In the second part, we shifted focus to educational aspects of 
pharmacotherapy – how do we prepare junior physicians for the challenging task of 
prescribing from an overall medical perspective, often to older people with multiple 
diseases? 
 
The specific aim for each study was as follows:  
 
Study I 
To investigate the clinical relevance of PIMs and PPOs identified by the STOPP/START 
criteria, and to identify predictors for clinically relevant PIMs/PPOs. We hypothesized 
that a significant part of detected PIMs/PPOs would not be clinically relevant at the 
individual level.  
 
Study II 
To investigate the inter-rater agreement regarding assessments of drug treatment quality 
and the relation between drug treatment and unplanned hospital admissions, including 
preventability. Our hypothesis was that reliability could be an important methodological 
issue in pharmacotherapeutic assessments.  
 
Study III 
To investigate the effects of a short and structured educational intervention, based on 
collegial discussions on patient cases, regarding junior doctors’ confidence in prescribing. 
The hypothesis for this study was that an intervention could facilitate the process of 
acquiring improved professionalism regarding pharmacotherapy. 
 
Study IV 
To explore what aspects junior physicians find important when being taught the art of 
prescribing.  
 
An overview of the four studies included in this thesis is presented in Table 1  
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Methods and Results 

Measuring drug treatment quality 
The first study included 200 hip fracture patients, originally participating in a randomized 
controlled study in 2009 [85]. The patients were 65 year of age, had undergone hip 
fracture surgery at Sahlgrenska University Hospital and provided informed consent. The 
mean age was 84.5 years, 67% were women and the mean number of drugs in the 
medication list was 7.2.  
 
Methods: The STOPP/START criteria [86] were applied on the medication lists obtained 
in the original study in 2009, to identify PIMs and PPOs. The clinical relevance of each 
PIM/PPO was then assessed at the individual level by one general practitioner and one 
geriatrician in 2012-2013. If there was a clear benefit of treatment for a specific patient, 
or, conversely, a clinical reason not to treat a patient with a specific drug, the PIM or PPO 
was assessed as not clinically relevant. When there was not sufficient information to 
determine clinical relevance, the PIM/PPO was categorized as not assessable. After the 
initial independent assessments, the assessors reached agreement regarding identified 
PIMs/PPOs, including their clinical relevance, in a consensus discussion.  
 
Results: A total of 555 PIMs/PPOs were found in 170 patients and 298 (54%) of these 
were assessed as clinically relevant. A greater proportion of PIMs than PPOs was clinically 
relevant (217 out of 305 (71%) vs. 81 out of 250 (32%); P<0.0001), while a greater 
proportion of PPOs compared to PIMs was not assessable regarding relevance (94 out of 
250 (38%) vs. 66 out of 305 (22%); P<0.0001). In all, 22 PIMs and 75 PPOs were not 
clinically relevant (Figure 1).  
 
The most frequently occurring PIMs were benzodiazepines in those prone to falls and 
aspirin without cardiovascular disease. For the former of the two, and for loop diuretics 
to manage ankle edema without clinical signs of heart failure, no PIM was assessed as not 
clinically relevant, though in some cases clinical relevance could not be assessed. For the 
STOPP criteria “long-term long-acting benzodiazepines”, all PIMs were assessed as 
clinically relevant (Table 2).  

Johan Lönnbro 
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Figure 1 Number and proportion (95% confidence interval (CI)) of clinically relevant, not clinically relevant, and not assessable PIMs 
(according to STOPP) and PPOs (according to START).  

PIMs Potentially Inappropriate Medications, PPOs Potential Prescribing Omissions.  
START Screening Tool to Alert to Right Treatment; STOPP Screening Tool of Older Persons’ Prescriptions.  

 
The most frequently occurring PPOs were osteoporosis without calcium and vitamin D 
supplementation, and chronic atrial fibrillation without warfarin. For the former, 77% 
were not assessable, while for the latter, regarding anticoagulants, almost half of the PPOs 
were assessed as not clinically relevant (Table 2). 
 

The odds for  1 clinically relevant PIMs/PPOs were greater for patients with multi-dose 
drug dispensing (odds ratio (OR) 7.95 (95% confidence interval (CI) 2.35 to 26.9)) and 
increased by the number of drugs in the medication list (OR 1.28 (95% CI 1.14 to 1.43)). 
There was no significant association between age, sex, cognition or nursing home 
residence and the presence of  1 clinically relevant PIMs/PPOs.  The tolerance level was 
>0.6 for all variables included in the model, except for multi-dose drug dispensing (0.48), 
indicating that multicollinearity was not a problem.
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Table 2 A selection of PIMs and PPOs identified by the STOPP and START criteria. 
 

Description    Clinically 
relevant 

Not clinically 
relevant 

Not 
assessable 

STOPP   PIM* PIM PIM PIM 

Benzodiazepines in those prone to falls 76 (38) 47 0 29 

Neuroleptic drug in those prone to falls 17 (8.5) 11 0 6 

Aspirin with no history of coronary, cerebral or 
peripheral arterial symptoms, or occlusive arterial 
event 

27 (14) 13 12 2 

Loop diuretics without clinical signs of heart failure  24 (12) 20 0 4 

Long-term long-acting benzodiazepines 13 (6.5) 13 0 0 

Vasodilator drugs known to cause hypotension in 
those with persistent postural hypotension 11 (5.5) 9 1 1 

START   PPO* PPO PPO PPO 

Osteoporosis and no calcium and vitamin D 
supplementation 61 (31) 10 4 47 

Chronic atrial fibrillation without warfarin 29 (15) 7 14 8 

Atherosclerotic disease with sinus rhythm without 
aspirin or clopidogrel 21 (11) 9 8 4 

Chronic heart failure without ACE inhibitor 20 (10) 5 10 5 

Chronic stable angina without and no beta-blocker 17 (8.5) 10 3 4 

Values are presented as numbers of patients (*percentage of all patients). 
ACE Angiotensin converting enzyme, PIMs Potentially Inappropriate Medications, PPOs Potential Prescribing Omissions, 
START Screening Tool to Alert to Right Treatment, STOPP Screening Tool of Older Persons’ Prescriptions. Figure adapted 
and modified from Table 2, Paper I. 
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In the second study, three specialists and two residents in internal medicine, with 
experience of patient work ranging from 2.5 to 19 years, assessed aspects of drug 
treatment quality and adverse events regarding 30 randomly selected patients with an 
unplanned admission to Sahlgrenska University Hospital during a 2-week period in 2018.  
 
Methods: The structure of the assessments is displayed in Figure 2. In order to identify 
PIMs/PPOs generally considered suboptimal, one assessor applied the STOPP/START 
criteria on all medication lists [30] and shared with the other assessors before the individual 
assessments. Each of the five assessors went through a broad set of indicators of 
prescribing quality provided by the Swedish National Board of Health and Welfare on 
each case before the assessment [31]. Individual independent assessments were followed 
by a consensus discussion on all cases. 
 

Figure 2 Flowchart of the assessments performed in Study II.  

Assessments of (i) prescribing quality, (ii) the relationship with admission and (iii) preventability was performed individually by 
all five assessors, from an overall medical perspective, followed by a consensus discussion following the same assessment 
structure described above.  
START Screening Tool to Alert to Right Treatment, STOPP Screening Tool of Older Persons’ Prescriptions, WHO-UMC World 
Health Organization - Uppsala Monitoring Centre. Adapted and modified from Figure 1, Paper II.  
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The assessors used the WHO criteria for causality assessment of suspected ADRs [45], 
and the Hallas criteria of preventability for the assessments of potential prescribing errors 
[87]. All suspected ADRs were assessed regarding relation to hospital admission, and in 
cases where a relation was found, dichotomized into main or contributory reason. 
Potential omissions of indicated drugs were assessed similarly, i.e., if there was a medical 
condition that could have been treated, whether it contributed to or caused admission, 
and if a prescribing error was present. 
 
Results: The full characteristics of the 30 patients can be viewed in the original article. 
In short, 50% were women and the median age was 72 years (range 25 – 93). The 
patients had a median of 7 drugs in their medication list at admission (range 0 to 16). 
 
Agreement was almost perfect between the assessors regarding whether each drug 
individually was reasonable or not at admission and discharge, and nearly all drugs were 
in consensus considered reasonable (Table 3). 
 
Table 3 Assessments of (i) the overall drug treatment quality, and (ii) the relationship between the drug treatment and hospital 
admission, as well as the inter-rater agreement (AC1). 

*Observed agreement (= percent agreement). 
**Cohen’s kappa was used for calculating agreement between two raters, and Light’s kappa between multiple raters. 
***AC1 = Gwet’s agreement coefficient, was used to calculate agreement between pairs as well as multiple raters. See Methods. 
Adapted from Table II, Paper II. 

  Assessments (n) Agreement 

  Consensus Discordant 
assessments 

(n) 

All assessors 

Quality assessment of drug 
treatment, individual drug level  

Obs. 
agr.* 

Kappa** AC1*** 

Admission Reasonable 207 6 
0.98 0.41 0.98 

Unreasonable 3 3 

Discharge Reasonable 242 4 
0.99 0.68 0.99 

Unreasonable 3 1 

Quality assessment of drug 
treatment, patient level      

Admission Reasonable 28 5 
0.90 0.42 0.88 

 Unreasonable 2 2 

Discharge Reasonable 28 3 
0.95 0.63 0.94 

 Unreasonable 2 1 

Hospitalization      

Not related to drug treatment 21 7 
0.75 0.43 0.67 

Drug treatment main/contributory 
reason 1/8 0/7 

 Not a prescribing 
error 27 10 

0.77 0.17 0.73 
 Definitely/possibly a 

prescribing error 0/3 0/3 
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In 23 cases out of 28, where the drug treatment at admission was determined in consensus 
to be reasonable, the individual ratings were in total concordance. The corresponding 
numbers regarding discharge were 25 cases out of 28. This resulted in an agreement 
coefficient (AC1) of 0.88 and 0.94 for admission and discharge, respectively (Table 3). 
Low variation was seen in the pairwise AC1 within the specialist group, ranging between 
0.83-0.88 for assessments regarding admission and 0.92-0.96 regarding discharge. The 
AC1 for residents was 0.92 (95% CI 0.82-1) for assessments of reasonableness at 
admission as well as at discharge.  
 
Regarding the relationship between drug treatment and hospital admission, discordant 
individual assessments were seen in seven out of the nine (78%) cases where the 
physicians in consensus assessed that the admission could be related to the drug treatment, 
compared with in seven out of the 21 (33%) cases where there was no relation to the drug 
treatment. The corresponding inter-rater agreement was 0.74 for the specialists (95% CI 
0.56-0.92) and 0.54 (0.29-0.80) for the residents. As for the quality assessments above, the 
pairwise variation between specialists was low, ranging between 0.69-0.78. 
 

In all three cases where the hospital admission in consensus was considered to be possibly 
attributed to a prescribing error, the physicians’ assessments were discordant. No case of 
hospital admission was in consensus considered to be definitely caused by a prescribing 
error. The AC1 for the specialists was 0.76 and for the residents 0.82.  
 
The agreement between specialist and resident assessments, respectively, and consensus 
is presented in Table 4. 
 
Table 4 Agreement versus consensus for assessments of drug treatment quality, relation to hospital admission and 
preventability.  

 Agreement vs. consensus* 

 Quality of drug treatment Relation to hospitalization 

 At admission At discharge Admission caused by drug(s)? Prescribing error? 

 Kappa** AC1*** Kappa AC1 Kappa AC1 Kappa AC1 

Specialists 0.71 0.92 0.86 0.97 0.69 0.78 0.37 0.84 

Residents 0.73 0.96 0.72 0.96 0.54 0.79 0.15 0.82 

*Agreement vs. consensus = the average of all individually calculated agreement coefficients between assessors and consensus 
within the groups.  
**Cohen’s kappa  
***AC1 = Gwet’s agreement coefficient. 
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to be reasonable, the individual ratings were in total concordance. The corresponding 
numbers regarding discharge were 25 cases out of 28. This resulted in an agreement 
coefficient (AC1) of 0.88 and 0.94 for admission and discharge, respectively (Table 3). 
Low variation was seen in the pairwise AC1 within the specialist group, ranging between 
0.83-0.88 for assessments regarding admission and 0.92-0.96 regarding discharge. The 
AC1 for residents was 0.92 (95% CI 0.82-1) for assessments of reasonableness at 
admission as well as at discharge.  
 
Regarding the relationship between drug treatment and hospital admission, discordant 
individual assessments were seen in seven out of the nine (78%) cases where the 
physicians in consensus assessed that the admission could be related to the drug treatment, 
compared with in seven out of the 21 (33%) cases where there was no relation to the drug 
treatment. The corresponding inter-rater agreement was 0.74 for the specialists (95% CI 
0.56-0.92) and 0.54 (0.29-0.80) for the residents. As for the quality assessments above, the 
pairwise variation between specialists was low, ranging between 0.69-0.78. 
 

In all three cases where the hospital admission in consensus was considered to be possibly 
attributed to a prescribing error, the physicians’ assessments were discordant. No case of 
hospital admission was in consensus considered to be definitely caused by a prescribing 
error. The AC1 for the specialists was 0.76 and for the residents 0.82.  
 
The agreement between specialist and resident assessments, respectively, and consensus 
is presented in Table 4. 
 
Table 4 Agreement versus consensus for assessments of drug treatment quality, relation to hospital admission and 
preventability.  

 Agreement vs. consensus* 

 Quality of drug treatment Relation to hospitalization 

 At admission At discharge Admission caused by drug(s)? Prescribing error? 

 Kappa** AC1*** Kappa AC1 Kappa AC1 Kappa AC1 

Specialists 0.71 0.92 0.86 0.97 0.69 0.78 0.37 0.84 

Residents 0.73 0.96 0.72 0.96 0.54 0.79 0.15 0.82 

*Agreement vs. consensus = the average of all individually calculated agreement coefficients between assessors and consensus 
within the groups.  
**Cohen’s kappa  
***AC1 = Gwet’s agreement coefficient. 
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Strategies to improve prescribing 
In the third study, interns at Sahlgrenska University Hospital were asked to 
participate in a randomized controlled study between 2014 and 2016, receiving either 
a short, seminar-based education in prescribing and pharmacotherapy (intervention), 
or the standard internship without any specified educational effort on the subject in 
question (control) (Figure 3).  
 
Figure 3 Outline of Study III. 

 
Intervention: Interns in the intervention group participated in two 3-hour seminars, 
led by one internist and one clinical pharmacologist. The first seminar was structured 
to cover the different parts of a medication review, based on fictive or authentic cases. 
Participants were also given practical tips on how to use different decision support 
systems and how to use a publicly available database alerting for drug-drug 
interactions. For a summary of the cases used as a base for discussion, see Appendix 
A. As homework before the second seminar, scheduled 2-3 weeks after the first 
seminar, the interns were to practice performing medication reviews. The content of 
the second seminar was largely unspecified beforehand and focused on collegial 
discussions about the participants’ cases and experiences from their clinical work.  
 
All interns in the control group were offered to participate in the seminars after 
completion of the follow-up questionnaire. 

Questionnaire:
• Self-assessed confidence in performing medication reviews as well 

as other aspects of  prescribing

t=0 t=6 months

Month 1 - 2
Inclusion

Seminar Intervention

Control

Random
ization

Seminar

SeminarSeminar
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Outcome measures: The effects of the intervention were evaluated with a 
questionnaire, distributed at baseline as well as at 6-month follow-up (Appendix B). 
Self-assessed confidence in performing basic medication reviews was the primary 
outcome of the study, but we also assessed the interns’ perceived knowledge of the 
components of basic and expanded medication reviews, as well as of other important 
aspects in pharmacotherapy, such as attention to kidney function, drug-drug 
interactions and ADRs. The participants responded to statements on a Likert scale, 
ranging from 1 = completely disagree, to 5 = completely agree.  
 
Results: In total, 69 interns were included, 57 (83%) of whom completed the study 
(median age: 29 (interquartile range (IQR) 27-34) years, 54% female, 28% with any 
type of active research included in the internship). Eight participants (intervention 
group) did not attend the seminars and four (control group) did not complete the 
questionnaires.  
 
A graphical view of the distribution of ratings in the two groups is presented in Figure 
4. Although less confident at performing a basic medication review at baseline, 
intervention participants showed more confidence than the control group at follow-
up. There were only small and insignificant changes in the control group.  
 
Figure 4 Respondent agreement, at baseline and follow-up, with the statement “I feel confident in performing a basic medication 
review” from 1 (completely disagree) to 5 (completely agree). Significant P values (<0.05) are bolded.  
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In line with these results, the change in ratings between baseline and follow-up was 
larger for intervention interns (∆+1.71.9 vs. +0.20.9, P=0.0002). This was also true 
regarding confidence in performing an expanded medication review and taking 
responsibility for the medication list at discharge (∆+1.31.2 vs. +0.51.0, P=0.008 
and +0.60.9 vs. -0.21.0, P=0.002, respectively). Further, regarding perceived 
knowledge of the components of basic and expanded medication reviews, 
intervention interns increased their ratings to a larger extent compared with the 
control group (∆+1.61.7 vs. +0.40.8, P<0.0001 and +1.51.3 vs. +0.51.0, 
P<0.002, respectively).  
 
From baseline to follow-up, intervention interns also increased their self-perceived 
performance in several other important aspects related to safe and rational use of 
medicines, for example, confidence in withdrawing medicines and reflecting on the 
overall reasonableness of the drug treatment (Figure 5). Control participants, 
somewhat unexpectedly, showed increased ratings regarding, for example, reflecting 
on drug-drug interactions (∆+0.41.1, P=0.04) and kidney function (∆+0.40.8, 
P=0.02) (Figure 6), which could not be seen for intervention participants. Further, 
intervention interns increased the number of sources used for medication 
reconciliation (∆+0.60.9, P=0.005), while the control group showed no such 
increase.  
 
After adjusting for age, sex, research experience, work experience before completing 
the follow-up questionnaire, and baseline confidence, the odds for an intern to feel 
confident in performing a basic medication review at follow-up was 8.38 (1.37 to 
39.7) times higher if the intern belonged to the intervention group. The tolerance 
level was >0.7 for all variables included in the model, indicating that multicollinearity 
was not a problem. 
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Figure 5 Intervention intern agreement, at baseline and follow-up, with statements concerning important 
pharmacotherapeutic aspects, from 1 (completely disagree) to 5 (completely agree). Significant P values (<0.05) are 
bolded.  

 
 
Figure 6 Control intern agreement, at baseline and follow-up, with statements concerning important pharmacotherapeutic 
aspects, from 1 (completely disagree) to 5 (completely agree). Significant P values (<0.05) are bolded. 
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In the fourth and final study, we wanted to explore what aspects junior physicians 
find important when they are educated in pharmacotherapy. To do so, we used 
written feedback provided by the interns participating in study III (n=34) and 
analyzed their free-text replies to the questions: “What was helpful about the 
seminars?” and “What could be improved?”.  
 
Methods: We performed a manifest content analysis guided by the research question 
“Educating junior physicians in the art of prescribing: what aspects do they find 
important?” [88].  
 
In the first step, the author of this thesis together with a consultant in clinical 
pharmacology/professor in pharmacotherapy independently identified meaning units 
concerning the overall research question, classifying them as “appreciation 
statements” or “improvement statements”. In the second step, we discussed all 
extracted units and reached consensus. At the end of this process, indications that 
the gathered data had reached saturation became evident, as similar codes reappeared, 
while there was a lack of new codes. The next step included a data-driven inductive 
thematic analysis, were we sorted the units into various, previously undetermined, 
categories. Finally, we identified emerging themes, each one of which was a thread of 
an underlying meaning at an interpretative level [88]. Any disagreements between the 
analysts during the process were resolved through consensus discussions.  
 
Results: Five themes emerged during the content analysis: clinical relevance; applicable 
content; reality-based teaching; creative discussions; and effective structure. Themes and 
categories, as well as example quotes, are presented in Figure 7.  
 
To begin with, interns seem to feel a need for education in pharmacotherapy and 
prescribing to manage their clinical work. It also became evident that clinical advice 
and practical tips, including a hands-on approach to digital support systems, are 
appreciated pieces of education. The interns also seem to find it helpful to get a 
review of common medications, including drug-drug interactions and side effects, as 
well as to discuss medications that are in general considered inappropriate for older 
persons.
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Another aspect of importance, when educating junior physicians in the art of 
prescribing, appears to be to base the sessions on authentic patient cases, and to 
combine an interactive teaching approach with time for reflection and feedback. In 
addition, interns appreciate a clear structure where the core messages of the education 
are brought forward. Also, small group teaching seems to be important, in 
combination with allocated time for discussions, in a permissive and open 
atmosphere. The interns appreciate to practice new skills and get feedback during a 
second seminar.  
 
Finally, it appeared that interns find well-organized administration important, 
including the possibility to have several options of when to participate in the 
seminars. Interns also seem to be positive about having a home assignment; it 
encourages them to practice. 
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Statistics 

Statistical analyses were performed with SPSS (IBM SPSS Statistics, v 17-27) (study I - 
III) and with R (R Core Team, 2020) (study II). In study IV, NVivo 12 Pro (QSR 
International, Melbourne, Australia) was used for data management. P values less than 
0.05 were considered significant.  
 
An overview of the statistical methods used in the studies is presented in Table 1. 
Descriptive statistics were used to present the characteristics of the study populations in 
all papers. Discrete data are presented with means and standard deviations (SDs) or 
medians with range or interquartile range (IQR), and categorical data are displayed as 
frequencies, n (%). See Discussion for methodological considerations regarding the use 
of mean as a descriptive measure of Likert ratings.  
 
In study I and III, we used the Mann-Whitney U and Chi-square tests for comparisons 
of discrete/ordinal and categorical data between groups. For within-group analysis of the 
randomization groups in study III, we used Wilcoxon's signed-rank and McNemar’s tests 
for ordinal and categorical data, respectively. Logistic regression was performed in study 
I to obtain odds ratios (OR), with 95% confidence interval (CI), for ≥1 PIMs/PPOs, as 
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0.70, with a margin of error of 5%, using 5 raters and up to 3 categories, we needed to 
include 25 patients. Sample size calculations were performed with the R package 
“Power3Cats” [90]. The algorithm is based on kappa, though, such methods of sample 
size calculations have previously been used also for AC1 [91].  
 
In study III, we needed to include 30 interns in each group (for a total of 60 participants) 
in order to have at least 80% power to detect a difference of 0.8 on a Likert scale from 1  
to 5, with a standard deviation of 1.0. To compensate for drop - outs, another 10% were 
included. 
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Ethical considerations 
All studies were approved by the Regional Ethical Review Board in Gothenburg: 
Study I (ID: 095-09 with amendment), Study II (ID: 463-18), Study III (ID: 344-
14), Study IV (ID: 344-14 with amendment). 
 
Patients in study I provided written informed consent before they were included in 
the original study in 2009. For the study included in this thesis, an amendment was 
submitted and approved, concerning ethical considerations regarding further analysis 
of previously collected data without renewed informed consent from the patients. 
Analyzing health-related data is always associated with a risk of violation of personal 
integrity. In this particular case, however, 20% of the patients included in the original 
study were deceased after 12 months, and 45% were diagnosed with dementia or 
impaired cognition at the initial inclusion [85]. If informed consent would have been 
required, many patients would probably have had to be excluded, thereby severely 
aggravating the external validity. Further, as the patients included in the original study 
received information that they were not to be contacted by the researchers again, we 
considered such contact to be of greater concern for personal integrity than it would 
have been to analyze the data already collected without further consent. The ethical 
review board approved the amendment without requirement of additional informed 
consent, thereby confirming that the benefits of these additional analyses exceeded 
the integrity risks. 
 
In study II, which was a retrospective, descriptive study, we did not collect informed 
content from the patients. As in study I, the risks for the patients concerned the 
possible violation of their personal integrity associated with, in this case, accessing 
the health record and collection of personal data. Since it was a study about drug 
treatment quality and drug-related admissions, it was important to include patients 
with many drugs, i.e., commonly patients with multiple deceases and of old age. If 
informed consent would have been required, there would have been a considerable 
risk that patients had to be excluded from the study, thus reducing the external validity 
of the results. Since a deeper understanding about assessments of drug treatment 
quality and the relationship with adverse events is needed, the ethical review board 
determined that the benefits of waiving informed consent outweighed the risks. Apart 
from the patients, the performance of the physicians in charge of the patients during 
the time of hospital care could also be considered to be evaluated as part of the study, 
risking violation of their professional integrity as their work was scrutinized by a 
group of scientists and colleagues. However, as no information about the physicians 
was recorded, this risk was considered minor. Also, it was almost exclusively the work 
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of the physicians in charge prior to the visit to the emergency department that was in 
focus, and the identities of these physicians were not known. 
 
For study III, written informed consent was obtained from all participants before 
inclusion. Eligible interns were contacted in three different ways. At first, some of 
them were informed about the study during an educational session at Sahlgrenska 
University Hospital. Second, we contacted each intern by telephone and informed 
them about the study, using a predetermined template that included, for instance, 
information that participation was fully optional and could be discontinued at any 
time. Finally, interns that could not be reached by telephone received the same 
information by post. Although no health-related personal data was collected about 
the participants, integrity issues are present in all studies on human subjects. In this 
case we gathered data by asking the participants to fill in questionnaires. The 
participants could choose to skip certain questions in case he or she perceived it as 
sensitive in one way or another. To further protect the integrity of the participants, 
results were presented at the group level only. The benefits of new knowledge on 
educational aspects of pharmacotherapy, together with the benefits for each 
participant to receive an educational effort, were considered to exceed the risks for 
the interns included in the study.  
 
For study IV, we analyzed written feedback on the seminars included in study III, 
provided by the participants directly after the second seminar. The participants were 
not informed about this qualitative analysis when they entered the randomized 
controlled study. For that reason, an amendment was submitted and approved by the 
ethical review board before the analysis took place. To start with, feedback was given 
anonymously by the interns, to make sure they could express their opinions freely. 
As the texts were written by hand, there was a slight risk of recognition by 
characteristics of handwriting. However, we considered that risk to be insignificant. 
Importantly, there was no sensitive information about the participants in the texts. 
Further, if any of texts were to be identified, it would not have been of any 
disadvantage for the participants, since the researchers were not involved in their 
work in any substantial way. It could possibly cause inconvenience in case their 
criticism of the seminars was to have been identified by the researchers, though we 
believed that to be of minor concern. In the end, the benefit of learning more about 
what junior physicians find important when being taught pharmacotherapy was 
considered to exceed the risks mentioned above. 
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Discussion 

Methodological considerations 

Study design 
This thesis is built upon one descriptive (study I) and one reliability study (study II), as 
well as one randomized, controlled study (study III) and one qualitative study (study IV). 
The descriptive design is commonly used for measuring prevalence figures and to generate 
hypotheses for further research. In study I, we also calculated odds ratios related to the 
presence of at least one clinically relevant PIM or PPO. This could, to some extent, be 
considered a cross-sectional design comparing those with and without such treatment. 
With the lack of random allocation to the groups, such an approach has an inherent risk 
of bias. However, it should be stressed that the main purpose of the study was to describe 
the clinical relevance of PIMs/PPOs, and associations were only explored. 
 
Despite the fact that the study population in Study I had a high participation rate, 200 
out of 229 consecutive eligible patients being included in the original randomized 
controlled study, there are still concerns of external validity. One such concern is to what 
extent hip fracture patients represent older persons in general. Hip fracture patients, as a 
group, are known to be at risk of suboptimal drug treatment [92]. However, hip fractures 
are also common among older persons [93], and therefore the group may represent a 
relevant cohort of older patients. Nevertheless, the prevalence of drugs that are related to 
falls can be expected to be higher in our study population than in the general population. 
Other studies have shown prevalence figures of benzodiazepines in those prone to falls 
of 5-9% [94-96], compared to 38% in our study, supporting this assumption. Our results 
should therefore be interpreted with this in mind and may primarily be applicable to older 
hip fracture patients.  
 
In Study II, the patient sample was randomly selected from all patients of at least 18 years 
of age with an unplanned admission to a tertiary hospital during a 2-week period. The 
random selection of patients decreased the risk of selection bias, although, the number of 
selected patients was rather small (n=30), which is discussed further in the text below 
(lack of precision). Another possible factor of concern is the time period from when the 
patient sample was collected. Collecting patients from a short period of time could 
increase the risk of bias due to seasonal variation, or the risk of influence of individual 
physicians on the care of patients admitted to the hospital. We therefore chose a study 
period to avoid national holiday periods and the period between June and August due to 
summer vacation. As the patients were admitted to several different wards at the hospital, 
the influence by individual physicians on drug treatment quality at discharge could be 
expected to be small. Further, as the study outcome was inter-rater agreement between 
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physicians, the selection of assessing physicians may also be a matter of concern. Ideally, 
to be able to draw distinct conclusions on agreement, the assessors, as well as the patients, 
should be randomly selected from a relevant target population. For this particular study, 
the best solution to reduce this risk of observer bias would have been to randomly select 
the assessors from the department of internal medicine, or ideally from other specialties 
as well. However, such a random selection of assessors would also imply feasibility 
challenges. Assessing the drug treatment from an overall medical perspective in a 
standardized way in a transparent research process is time-consuming, potentially 
unveiling, and requires willingness as well as opportunity among the assessors.  

Lack of blinding 
In Study III, we performed a randomized controlled study to test the hypothesis that a 
short education with collegial discussions on pharmacotherapy could increase interns self-
assessed confidence in prescribing. One limitation was that neither participants nor 
researchers (tutors) were blinded. Even though the participants did not receive explicit 
information about which group they belonged to, it was possible for them to figure it out. 
There are some methodological risks with this design, in our study mainly related to 
performance bias. Knowledge about being in the intervention group could have affected 
the participants in such a way that they expected to feel more confidence during follow-up. 
Conversely, control participants could possibly feel disappointed not to receive the 
intervention until after follow-up. This sort of bias is known to increase the risk of over-
estimating the effect of the intervention and could be of particular concern in studies with 
self-reported estimations of competence or confidence. However, with an intervention 
like this, it was not possible to blind the participants, and with a 6-month period between 
baseline and follow-up questionnaires, the risk of being affected by one’s previous answers 
was considered to be of minor concern. Secondly, there was a risk that the tutors 
(researchers) transferred their own expectations of increased confidence onto the 
intervention participants. Using blinded tutors would have decreased this risk. Though, 
enthusiastic tutors may also increase the participants engagement in the discussions and 
interest in the subject, resulting in actual increased knowledge and understanding, and in 
the end, greater confidence. The results of study III should be interpreted with these 
different aspects of potential bias in mind.  

Lack of precision 
One important limitation in study II was that the number of assessed patients was 
relatively small. As stated in the Methods and Results section, we had 80% power to detect 
a difference between kappa 0.40 and 0.70 with a margin of error of 5% concerning all five 
physicians, though we did not have enough power to detect differences between 
physicians with different experience. Furthermore, the fact that the group of residents 
included only two assessors may imply limitations regarding the external validity of our 
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results; more residents would have made the results less sensitive for individual differences 
in experience among the assessors. 

Surrogate outcome measures 
In study III, we examined self-perceived confidence regarding different aspects of 
prescribing to determine whether an educational intervention could increase confidence. 
Previous research shows a weak correlation between self-reported confidence and 
prescribing competence in medical students [97]. However, medical students and interns 
differ in several aspects, including experience in prescribing. For someone who has not 
encountered the responsibility of prescribing medications in daily work, it may be difficult 
to estimate confidence. Therefore, the correlation between confidence and competence 
could be particularly problematic in medical students. To learn more about this, we 
performed a post-hoc analysis in which we compared self-reported confidence in 
prescribing between students in the fourth year of medical school at Gothenburg 
University in 2016-2017 (n = 386, response rate 82%) and the interns in our study. It 
turned out that among the students, 7% were not at all confident in performing 
medication reviews, compared to 23% among the interns. This finding may illustrate that 
a certain level of experience and knowledge may be needed, under one’s own 
responsibility, to be able to detect a lack of skills. 
 
Instead of measuring professional confidence, there are other, perhaps more relevant, 
ways to measure potential effects of an intervention such as ours. The most relevant 
outcome would be to measure differences in outcomes for the patients treated by the two 
groups of physicians. However, since interns work under supervision by their senior 
colleagues, any differences arising from the intervention would have been difficult to 
distinguish. Another path could have been to measure other quality aspects of their work. 
As a matter of fact, we initially intended to compare the number and quality of medication 
reviews performed by the two groups of interns. Since all interns did not have the same 
clinical locations during the time between measuring points, there would have been other 
factors influencing the results, thus, yet again diluting any potential effects from the 
intervention. Finally, we could have provided the interns with a test to find out whether 
or not they had increased their theoretical knowledge on important aspects of prescribing. 
It should be noted though, that tests often tend to highlight general knowledge and 
guidelines are not always applicable on individual patients, especially when it comes to 
older persons with multiple diseases. Indeed, the median age of all 864 patients with an 
unplanned admission to Sahlgrenska University Hospital during the 2-week period at issue 
in study II was 70 years. A more elaborate test that measures complex skills of medical 
reasoning may be difficult to accomplish, although not impossible. Future research could 
therefore include both perspectives to fully cover the different aspects of prescribing 
skills.  
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Methodological aspects of statistics 
Two studies in this thesis use statistics to measure inter-rater agreement between two or 
more assessors. Measures of agreement may at first glance seem straightforward, but are 
commonly accompanied with various methodological errors, such as choosing the wrong 
method for the study design, not reporting what method was used or not estimating 
statistical power when needed [56]. The statistical methods of inter-rater reliability have 
evolved during the years, from measuring percent agreement to adjusting for chance 
agreement in the commonly used Cohen’s kappa and Fleiss kappa [55, 56]. In recent years, 
critique has arisen regarding the commonly used kappa statistics, as they may result in 
inappropriately low kappa values despite high percent agreement. The problem appears 
when the distribution between the outcome categories is skewed, for instance, as in study 
II, where few patients had unreasonable drug treatment. This phenomenon, referred to 
as the “kappa paradox”, has been described in detail elsewhere [89] and is also discussed 
shortly in the Introduction. Gwet et al. proposed a different method of measuring inter-
rater reliability that is resistant to this paradox and shows more consistent results 
independent of trait prevalence [58, 59]. In study II we therefore chose to use Gwet’s 
AC1 to calculate agreement between assessors, as the ratings were greatly skewed. In order 
to visualize the paradox, percent agreement and Cohen’s kappa are presented side by side 
in this thesis, together with Gwet’s AC1 (Table 4). 
 
Although the subjectivity of assessment-based outcomes needs to be quantified, 
illustrated by the varying inter-rater agreement reported in original studies contributing 
data to a recent meta-analysis on drug-related admissions [7]: 0.16 [65] to 0.90 [53], the 
varying results of different methods to quantify reliability imply that comparisons between 
studies will be difficult. Further, there is still no consensus in how to interpret calculated 
values of kappa. Cohen initially suggested kappa of 0.41 – 0.60 to be “moderate” [55], 
which was also adapted by Landis and Koch [98], whereas McHugh proposed that the 
same interval should be considered “weak”, while kappa of 0.61 – 0.80 was suggested to 
represent “moderate” agreement [55]. Although all research articles are supposed to 
clearly present what categorization has been used, commonly, in abstracts as well as in 
conclusions, the interpretations are standing alone, without the corresponding values. 
This may have the effect that two completely different values of kappa, for example 0.41 
and 0.80, could be misinterpreted as similar agreement by the reader. Therefore, taken 
together, as there are several different methods of how to measure agreement, with an 
ongoing debate on which method to prefer and how to interpret the results, we have all 
reasons to be careful when we use, interpret and communicate these methods. As for 
study II, we interpreted values according to the more restrictive categorization by 
McHugh, which could be considered proper for studies in healthcare. 

In study III, we present the results from the 5-point Likert assessments with a 
combination of means, medians and bivariate descriptive statistics, the latter formed by 
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dichotomizing ratings 4 or 5 as “confident” and 1-3 as “not confident”. There has been 
some controversy concerning how to analyze Likert data, reaching back over several 
decades [99]. Likert scales are ordinal by nature, and categories within the scale are not 
necessarily at equal distances from each other. When equal distances can be assumed with 
sufficient approximation, means and medians could be used to visualize the responses. 
However, whether to use means or medians in such a situation must be carefully 
considered from case to case. For instance, using means when Likert data is based on 
words that express the opinions of the respondents may be less appropriate; intuitively, 
opinions are difficult to convert into numbers and means. However, as our Likert items 
represent cognitive aspects, as for instance “self-confidence”, rather than opinions, and 
the scale consist of five points with “completely disagree” and “completely agree” marking 
the extremes, we considered it acceptable to use means and standard deviations for 
descriptive statistics. The ratings were not normally distributed, nor were they strongly 
skewed. Importantly, when visualizing the ratings using histograms, we could not see any 
sign of “U-shapes”, i.e., responses clustered at the high and low extremes. If that would 
have been the case, calculating the mean would have been clearly misleading. However, 
using the median in such a case should have been equally wrong. The fact that means and 
medians did not differ much in study III also make the presentation of means less 
problematic. Finally, as a method of comparing changes between baseline and follow-up, 
and between the two groups, mean is easier to visualize. Nevertheless, when analyzing 
ordinal data with statistics usually used for interval scales, caution in interpretation is 
required, especially when it comes to the size of mean differences.  
 
In study III, we aimed at including a total of 60 participants to ensure enough power to 
detect differences between the groups (see Statistics in the Methods and Results section). 
In retrospect, the drop-out rate used for the power calculation appeared somewhat 
optimistic, but this was compensated by a larger than expected difference between the 
comparison groups.  

Measuring drug treatment quality 
In study I, we show that one in two PIMs/PPOs identified with the STOPP/START 
criteria were clinically relevant from an overall medical perspective. This is in line with 
previous research that has shown implementation rates of 56% and 39% of PIMs and 
PPOs, respectively [100], and recommendations followed in 87% and 34% of PIMs and 
PPOs, respectively [101]. In a recent study, 40% of STOPP/START (version 2) 
recommendations were of at least “possibly important relevance” when assessed by a 
pharmacist and a physician, although the inter-rater reliability was minimal, with a kappa 
value of 0.24 [102]. Surprisingly, this value was reported in the study as “fair”, according 
to Landis and Koch [102]. Another study reported acceptance rates of 91% and 97% for 
recommendations provided by STOPP and START, respectively [94]. However, as the 
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recommendations were provided to the medical team by a research physician, not relevant 
PIMs/PPOs would probably not be forwarded to the attending physician, and may 
therefore not be captured in the denominator, possibly explaining the high acceptance 
rates. 
 
The extent of clinical relevance reflected by our results, together with rates of 
implementation and recommendations followed described above, underlines the 
importance of caution when interpreting prevalence figures based on general criteria like 
STOPP/START. Our results suggest that such instruments alone should not be used to 
reflect prescribing quality. When used as a measure of quality, it should be kept in mind 
that these criteria were created as a support tool for physicians in the daily clinical work, 
and not as a quality measure at the individual level [29]. As stated by the inventors of the 
STOPP/START criteria, a close interaction between the attending physician and the 
trained applicator of the criteria in the clinical setting is crucial [103]. While screening tools 
can be helpful not to overlook prescribing that is generally considered inappropriate, they 
may need to be accompanied by a physician assessment to reflect quality of prescribing 
from a medical perspective, i.e., to ascertain clinical relevance. Indeed, also other sets of 
indicators of prescribing quality have been shown to have limitations when it comes to 
concurrent validity, i.e., their ability to reflect quality of drug treatment [104, 105]. 
Similarly, other approaches that aim to find potentially inappropriate prescriptions, such 
as pharmaceutical medication reviews, may have the same weaknesses, and without a 
medical assessment by a physician, such measurements of medication appropriateness or 
quality should also be interpreted with caution [104]. Nevertheless, PIMs, PPOs and 
alerted drug-drug interactions, in indicator sets like STOPP/START, have been suggested 
in core outcome sets to evaluate interventions for improved prescribing [18, 106]. 
 
Potential prescribing omissions were significantly more often not assessable regarding 
clinical relevance. This finding could reflect that whether to start a new medication or not, 
despite a thorough assessment of the patient, may put a higher demand on the level of 
information, compared to withdrawing a potentially inappropriate drug. This may, as 
suggested in a previous study, be partly explained by time constraints [107], or, which is a 
more likely explanation in our study, lack of necessary information due to the 
retrospective study design. Reviewing medical records in retrospect implies that the 
information available is restricted to the information recorded. In real-life patient work, 
the patients can also be asked directly about aspects relevant for decision-making 
regarding drug treatment initiation. In study III, we found that interns participating in an 
education in pharmacotherapy significantly increased their confidence in withdrawing a 
medication when needed. Confidence in taking responsibility for adding a new 
medication, however, had not increased at the time of follow-up. This is in line with the 
above reasoning about PPOs, suggesting a difference in complexity between STOPP and 
START criteria. Indeed, the STOPP criteria are considered drug-oriented, as opposed to 
the START criteria, which have a patient-oriented approach [25], which requires more of 
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the assessor regarding medical competence and more in-depth information about the 
patient, thus possibly making prescribing decisions harder. 
 
The results of this study suggest that directing attention towards, in particular, older 
persons with multi-dose drug dispensing, could increase the chances of finding clinically 
relevant inappropriate treatment. The same may also apply to older persons with many 
drugs in the medication list. In previous studies, multi-dose drug dispensing has been 
associated with poorer quality and fewer changes in drug treatment [108-110]. As for the 
number of drugs in the medication list, this may be a surrogate measure reflecting burden 
of disease [23]. As drug treatment considerations may be complex in multimorbid patients, 
it could be speculated that medical attention to the pharmacotherapy could be particularly 
valuable in these cases. 
 
In line with previous and recent research, as well as with clinical experience, when 
attempting to improve the quality of drug treatment for older persons, a first approach 
could be to consider stopping treatment with long-acting benzodiazepines, and 
benzodiazepines and neuroleptic drugs in those prone to falls [101, 111, 112]. In the first 
case, all of these PIMs were assessed as clinically relevant, and in the latter two cases no 
PIM was assessed as not clinically relevant, although roughly one third of the cases were 
not assessable. It must be acknowledged, however, that withdrawal of such drugs is not 
an easy task, as it may require both motivated patients and physician time for follow-up. 
Similarly, one could also reconsider the need of loop diuretics for isolated ankle edema, 
i.e., without clinical signs of heart failure, and vasodilator drugs in patients with known 
postural hypotension, as they were also assessed as clinically relevant to a high degree 
[112]. When identifying undertreatment and starting new medications, one might consider 
starting off to assess whether a patient with cardiovascular disease would benefit from 
treatment with a platelet inhibitor, a beta-blocker, or a statin. As for renin-angiotensin-
aldosterone system blockade, it was two times more likely that a PPO was not clinically 
relevant than clinically relevant, perhaps reflecting the intolerance of such treatment for 
older persons with regard to kidney function and risk of falls due to low blood pressure.  
 
In study II, we found that the inter-rater reliability regarding assessments of drug treatment 
quality and adverse events ranged from weak to almost perfect. This wide range serves as a 
reminder of the built-in subjectivity of assessments in prescribing-related matters.   
 
Agreement was strong to almost perfect for assessments of drug treatment quality between 
all assessors, as well as within the groups of specialists and residents. Together with the 
almost perfect agreement between assessors and consensus, which was seen for both 
residents and specialists, it appears that quality-related aspects can be reliably assessed by 
two physicians with at least 2 years of clinical experience.  
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A similar overall strong agreement was not seen for assessments regarding the relationship 
between drug treatment and hospital admissions. While the specialists showed moderate 
agreement, the residents were less concordant, at a weak level, although the confidence 
intervals of the two groups overlapped. This points towards a higher level of complexity 
involved in ADR assessments. This interpretation is also illustrated by the eight cases of 
admission in our study in which the drug treatment in consensus was considered a 
contributing factor for the admission. In these cases, up to four out of five assessors made 
a divergent individual assessment. Decisions regarding the causal relationship between a 
drug and a reaction, as well as between the reaction and admission, is a complex task that 
requires considerable medical experience. Indeed, most cases of suspected adverse drug 
reactions are categorized as “possible”, according to the WHO definition of causality as 
well as the Naranjo algorithm, which implies that the reaction could just as well be caused 
by a worsening disease or another drug [47, 49, 51]. As residents, although well acquainted 
with medical treatment and patient care in their daily work, are still at the beginning of 
their professional career, it may not be surprising that they are less consistent in their 
assessment of these complex issues, in comparison to quality-related assessments, which 
may be more straightforward.  
 
Systematic reviews illustrate that there are numerous studies addressing adverse drug 
reactions or adverse drug events [5] as well as hospital admissions related to medicines [3, 
7, 113]. For the former, measurements of inter-rater reliability have been provided. 
Almost all the referred original studies, however, included only two assessors [5]. A few 
studies have included multiple assessors, with kappa values ranging from 0.14 to 0.88, 
however, commonly, the patients have been pre-selected as drug-related before 
assessment [63, 64, 66, 114], or they have been elective surgery patients [67]. Studies on 
drug-related hospital admissions reporting agreement figures between at least two 
assessors are uncommon, showing inter-rater reliability figures of 0.01 to 0.90 on causality 
[53, 61, 65, 68, 115, 116]. However, the cases were either pre-selected as drug-related [65], 
or they were an extremely selective cohort of patients [53], fictive [68], or solely assessed 
by assessors without a medical profession [53, 61, 115, 116]. There is a clear gap of 
knowledge when it comes to studies reporting inter-rater reliability between multiple 
assessors with a medical profession assessing drug treatment quality from an overall 
medical perspective, as well as the relationship between an adverse drug reaction and 
hospital admission on unselected patients. One important strength of study II is that it 
brings knowledge that helps filling that gap.  
 
Another strength of the study is that the individual assessments were preceded by the 
application of screening instruments of medication appropriateness. Although 
constructed with the intention to detect suboptimal drug treatment in older people, we 
considered them appropriate to ensure that general aspects of importance in prescribing 
were not overlooked. Nevertheless, this method of systematization may have affected the 
assessments of drug treatment quality, contributing to the high level of agreement. 

Johan Lönnbro 

35 

However, as the individual assessments were less concordant in the cases in which drug 
treatment in consensus was considered to contribute to admission, the effects of the 
instruments on agreement may be less of a concern, although not negligible.  
 
In conclusion, to reliably assess quality-related aspects of prescribing, it seems like two 
physicians with at least two years of patient work would be sufficient. However, residents’ 
assessments of drug-related admissions compared to their quality assessments were 
significantly less consistent; determining whether or not drugs cause or contribute to 
admission to hospital appears to require extensive medical competence. As the variation 
in agreement was low between all pairs of assessors in the specialist group, the results 
indicate that for assessments regarding drug-related admissions, at least two specialists in 
internal medicine should be needed to obtain reliable results. 

Strategies to improve prescribing 
In study III we hypothesized that a short educational intervention in a small-group 
seminar format, with collegial discussions on pharmacotherapy, could increase interns’ 
professional confidence in prescribing. Despite starting at a significantly lower level of 
confidence in performing basic medication reviews at baseline, intervention interns were 
more confident than the control group at follow-up. The odds of being confident, as 
defined as a rating of at least 4 on a 5-point Likert scale, was substantially higher if an 
intern belonged to the intervention groups, which also withstood relevant adjustments. 
Intervention interns also increased their confidence regarding other important aspects of 
prescribing, such as considering adverse effects as a possible cause of symptoms and 
feeling confident withdrawing medications. Also, presumably due to the thorough 
introduction to various electronic help systems, they increased their use of multiple 
sources for gathering information about which medications patients were using, while the 
control group showed no increase at all. Control participants, on the other hand, showed 
a significant increase regarding their reflection on potential interactions, kidney function 
and avoiding double medications. For the intervention group, surprisingly, no significant 
changes could be seen regarding reflection on interactions or kidney function, despite 
focus on these matters during the seminars.  
 
Interestingly, for control participants, confidence in performing basic medication reviews, 
as well as other prescribing-related matters, like for example assessing whether the drug 
treatment at the overall level is reasonable or feeling confident taking responsibility for 
the medication list at discharge, did not increase at all during the time between baseline 
and follow-up, despite daily clinical work. This finding is worth attention, since junior 
doctors have been shown to write a large amount of hospital prescriptions and have higher 
error rates [11]. Assumingly, as they continue their clinical training, eventually they will 
gain considerable knowledge and skills in prescribing. Though, from a quality and patient 
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safety perspective, this may not be sufficient. Our study shows the benefits of a short and 
structured education for junior colleagues, including collegial discussions on common as 
well as complex pharmacotherapeutic aspects, to provide the necessary tools for proper 
prescribing. This will soon become even more important in Sweden as internship is to be 
abolished and the license to prescribe obtained directly after medical school, in 
concordance with many other European countries. As previously stated, to develop 
advanced skills, including the ability to use prior knowledge in new situations, basic 
knowledge needs to be elaborated on, analyzed and understood through application [117]. 
Further, for efficient education, prescribing may need to be lifted as an important matter, 
and tailored supervision with continuous review by senior colleagues encouraged [118]. 
In recent years, evidence has shed light on the need to enhance the competence in 
prescribing among final-year medical students in Europe [8, 9]. The need for a common 
ground of necessary prescribing competencies has led to learning outcomes that could be 
included in undergraduate curricula of clinical pharmacology [73]. National examinations 
for final-year medical students have been developed in the Netherlands and in Belgium 
[74], and in the United Kingdom, the Prescribing Safety Assessment (PSA) has been 
running successfully for several years [72]. In contrast, in Sweden, there is currently no 
national final-year pharmacotherapy exam in medical school. However, recent research 
suggests that efforts for enhanced prescribing skills in Swedish medical students could be 
valuable [75, 119]. 
 
The results from Study IV brings further understanding as to how junior physicians could 
be educated. Through our qualitative analysis of interns’ free-text replies it appears that 
creative discussions, well-structured and filled with clinically relevant, reality-based 
content, are key components when educating junior physicians in the art of prescribing. 
This evidence, in which experiences and requests of the receivers are explored, could 
constitute valuable information for further development of pharmacotherapeutic 
education for medical students and physicians early in the professional career. These 
findings are supported by previous studies showing positive effects of interactive learning 
based on clinical cases [81], active learning [80], and well-structured peer-to-peer teaching 
with interactive learning techniques and distribution of manuals to interns [120]. Further, 
small-group education has been shown beneficial in a recent study on evidence-based 
knowledge among healthcare workers [121], and the positive comments on getting 
practical tips including advice on the electronic health record and other medical help 
systems are in line with previous findings [122, 123]. Highlighting such knowledge to 
relatively young colleagues could easily be forgotten nowadays, as skills in information 
technology are generally high. However, as electronic medical record systems have been 
shown to add to physician’s frustration in the daily work [124], such efforts may be 
valuable.  
 
Strengths of this qualitative approach was that we could analyze the free-text replies 
provided by a relatively large number of interns and that we reached saturation, suggesting 
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that the topic was explored to a sufficient extent. However, since the participants were 
interns at one tertiary hospital, there may have been aspects that were not captured. 
Furthermore, those participating in research studies may diverge from those who do not 
[125], and therefore it cannot be excluded that some aspects were not fully explored. 
Nevertheless, as qualitative research on this topic is scarce, our results provide valuable 
insights. 
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Conclusion 
In this thesis, methodological insights are provided regarding (i) the clinical relevance of 
instruments commonly used to describe prescribing quality and (ii) the reliability of drug 
treatment assessments. In short, half of the suggestions in the commonly applied 
STOPP/START instrument were clinically relevant for a specific patient when assessed 
from an overall medical perspective. Caution is therefore urged when interpreting research 
results based on these tools, which may have limited applicability at the individual level 
and reflect quality of drug treatment to a limited extent. Further, the inter-rater agreement 
between physicians with at least 2-year experience of patient work was fully acceptable 
regarding assessments of drug treatment quality, but the assessments regarding the 
relationship between drug treatment and hospitalization appeared more divergent; the 
inter-rater agreement for residents was lower for this causality issue than for quality issues. 
The results suggest that specialist assessments are required for reliable results regarding 
drug-related admissions.  
 
The thesis also provides practical insights regarding how junior physicians can be 
supported to acquire basic prescribing skills; prior research shows that efforts are needed 
in this regard. Two 3-hour seminars for interns, led by an internist and a clinical 
pharmacologist, were shown to substantially increase the recipients’ confidence in 
prescribing at 6-months follow-up, whereas little happened in the control group, merely 
working as junior physicians. Exploring what junior physicians find important when 
educated within the art of prescribing, key aspects were found to be clinical relevance, 
applicable content, reality-based teaching, creative discussions, and effective structure. 
Considering these pieces of evidence in future educational efforts may help junior 
physicians to be confident about their professional responsibility to ascertain that the drug 
treatment of every patient is appropriate from an overall medical perspective, thereby 
contributing to rational use of medicines.  
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Future perspective 
Previous research on medication appropriateness and drug-related problems is extensive. 
However, as illustrated in this thesis, there are methodological concerns that may have 
implications for the validity of the results. For instance, although there are studies 
providing data on reliability between assessors, these results are seldom highlighted or 
discussed as a methodological issue, not even when the inter-rater agreement is 
conspicuously low. Subjectivity appears to be a non-negligible factor and may illustrate 
that assessment of drug treatment is complex, reflecting that patients are individuals and 
need to be treated accordingly. Further, prescribing of medicines for a specific patient is 
a difficult task, beyond what may be captured by general quality indicators or criteria-
based tools. Therefore, applying an overall medical perspective in assessments of drug 
treatment quality and adverse drug events may be a preferable approach for future studies 
to better reflect the complex reality and to provide patient-relevant results in 
interventional studies. With such an approach, the weighing of benefits against risks, 
which is essential and always present in every-day prescribing of medicines, would be 
highlighted. Individualized decisions based on solid pharmacotherapeutic knowledge and 
with in-depth experience from years of clinical work, form the basis of rational use of 
medicines. Combined with the ongoing academic efforts for a standardized core 
curriculum in clinical pharmacology and therapeutics in medical schools in Europe, 
including structured and extensive tests before graduation, future research could target 
continuing medical education, directed, for instance, towards junior physicians and being 
provided by clinicians “on the floor”, perhaps with support from clinical pharmacologists.  
Making the right diagnosis and deciding on the best treatment, followed by monitoring of 
positive effects as well as adverse events, and taking the overall responsibility for the 
patient, are all core aspects of modern medicine. They are also tightly connected to the 
attending physician, with new decisions needed to be taken on an irregular basis. 
Therefore, an interesting approach of future studies could be to evaluate structured, long-
term bedside education.  
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Appendices 
Appendix A: Description of patient cases from seminar 1 (Study III) 
 
The overall structure of the seminar follows a basic medication review as defined by the 
Swedish National Board of Health and Welfare (Socialstyrelsen): 

- Reconciliation (what drugs are the patient taking and for which diseases) 
o Different sources of information: patient/relatives, medical record, 

multi-dose drug dispensing system, Register of dispensed drugs, 
pharmacy register of current prescriptions available for dispensing, 
patient’s GP  

- Plausibility assessment 
o Is the medical treatment reasonable given the patient’s medical history?  
o Is it reasonable given the current medical situation?  
o Take into account possible adverse effects, drug-drug interactions, 

double medications, kidney function et cetera, and suggest adjustments 
(initiate/withdraw medications, adjust doses)  

- Documentation and information 
o Document which changes have been made and why.  
o Write medication discharge summaries and hand over to each patient 

at discharge, together with an updated medication list. Send to the next 
healthcare provider to facilitate transitions in care.  
 

Case 1. A 50-year-old man with hypertension, type II diabetes mellitus, and chronic back 
pain has been admitted to an emergency ward because of high fever, chills, and urinary 
tract symptoms starting two days earlier. He has been given ciprofloxacin for suspected 
pyelonephritis. Apart from the antibiotics, he has also been prescribed the following 
medications which he has reported at admission that he usually takes:  

Felodipine 5 mg a day Furosemide 40 mg a day 
Diclofenac 50 mg twice a day   

 
Teaching points:  

• Recommended treatment for pyelonephritis, type II diabetes mellitus, hypertension 
• Using different sources of medication reconciliation, for example the Register of 

dispensed drugs, to find medications the patient has not reported (in this case 
metformin and losartan) 

• How to do with certain medications in case of acute illness (antihypertensive drugs, 
RAAS-blockade, COX inhibitors, and metformin) and why (hypotension, renal 
failure, lactate acidosis) 

• Risks with prolonged use of COX inhibitors for vulnerable patients (peptic ulcer, 
cardiovascular risk, renal failure, negative effects of antihypertensive treatment) 

• Important drug-drug interactions; how to find out and how to handle 
(losartan/diclofenac, furosemide/diclofenac) 
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• How to calculate eGFR and general discussion on dose adjustment with decreasing 
kidney function 

• General tips and tricks on how to use the medical record system efficiently 
(prescribing, decision support regarding interactions and calculation of eGFR) 
 

Case 2. A 78-year-old woman with hypertension, atrial fibrillation, and osteoporosis 
presents at the emergency department with severe and progressive fatigue, dizziness, and 
several falls over the last weeks. She hands over her “medication list”, which is a copy of 
the pharmacy register of current prescriptions available for dispensing (which is given to 
the patient at the pharmacy when new medications are dispensed). She reports taking the 
medications as described in this list:  

Warfarin 2.5 mg according to regular follow-up at the anticoagulant clinic 
Calcichew-D3 twice a day Aspirin 160 mg a day 
Seloken ZOC 50 mg a day Metoprolol 200 mg a day 
Amlodipine 5 mg a day Alendronate 70 mg a week 
Zolpidem 10 mg in the evening Oxazepam 5 mg when needed  

 
Teaching points:  

• Recommended treatment for non-valvular atrial fibrillation (rhythm control and stroke 
prevention including new oral anticoagulants), osteoporosis, sleeping disorder (in 
particular for older patients) 

• Pitfalls with using the pharmacy register of drugs available for dispensing (they can 
include duplicates, in particular when treatment is changed, and does not include 
medications that cannot be dispensed another time without renewal from the 
physician) 

• Importance of written information of drug treatment changes to patients 
 

Case 3. A 95-year-old woman, living alone at home, with hypertension, glaucoma, long 
term leg pain, dizziness, and a tendency of hyponatremia, is admitted because of worsened 
dizziness and fatigue. She has normal vital signs, including a blood pressure of 160/80 
and normal CBC, electrolytes, creatinine, and thyroid hormones. She did not bring a 
medication list and cannot recall all her medications, but says she takes “a lot of pills”. 
Using the Register of dispensed drugs reveals that she uses the following medications:  

Omeprazole 20 mg a day Low dose aspirin once a day 
Oral cyanocobalamin 1 mg a day Folic acid 5 mg twice a day 
Furosemide 25 mg twice a day Felodipine 5 mg a day 
Acetaminophen (modified release) 665 mg 2 
pills three times a day 

Diazepam 10 mg four times a day 

Zolpidem 10 mg 2 in the evening Citalopram 10 mg a day 
Mirtazapine 45 mg a day Alprazolam 0.5 mg when needed 
Brinzolamide/timolol 10mg/ml+5mg/ml 
twice a day in right eye  
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Appendices 
Appendix A: Description of patient cases from seminar 1 (Study III) 
 
The overall structure of the seminar follows a basic medication review as defined by the 
Swedish National Board of Health and Welfare (Socialstyrelsen): 

- Reconciliation (what drugs are the patient taking and for which diseases) 
o Different sources of information: patient/relatives, medical record, 

multi-dose drug dispensing system, Register of dispensed drugs, 
pharmacy register of current prescriptions available for dispensing, 
patient’s GP  

- Plausibility assessment 
o Is the medical treatment reasonable given the patient’s medical history?  
o Is it reasonable given the current medical situation?  
o Take into account possible adverse effects, drug-drug interactions, 

double medications, kidney function et cetera, and suggest adjustments 
(initiate/withdraw medications, adjust doses)  

- Documentation and information 
o Document which changes have been made and why.  
o Write medication discharge summaries and hand over to each patient 

at discharge, together with an updated medication list. Send to the next 
healthcare provider to facilitate transitions in care.  
 

Case 1. A 50-year-old man with hypertension, type II diabetes mellitus, and chronic back 
pain has been admitted to an emergency ward because of high fever, chills, and urinary 
tract symptoms starting two days earlier. He has been given ciprofloxacin for suspected 
pyelonephritis. Apart from the antibiotics, he has also been prescribed the following 
medications which he has reported at admission that he usually takes:  

Felodipine 5 mg a day Furosemide 40 mg a day 
Diclofenac 50 mg twice a day   

 
Teaching points:  

• Recommended treatment for pyelonephritis, type II diabetes mellitus, hypertension 
• Using different sources of medication reconciliation, for example the Register of 

dispensed drugs, to find medications the patient has not reported (in this case 
metformin and losartan) 

• How to do with certain medications in case of acute illness (antihypertensive drugs, 
RAAS-blockade, COX inhibitors, and metformin) and why (hypotension, renal 
failure, lactate acidosis) 

• Risks with prolonged use of COX inhibitors for vulnerable patients (peptic ulcer, 
cardiovascular risk, renal failure, negative effects of antihypertensive treatment) 

• Important drug-drug interactions; how to find out and how to handle 
(losartan/diclofenac, furosemide/diclofenac) 
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• How to calculate eGFR and general discussion on dose adjustment with decreasing 
kidney function 

• General tips and tricks on how to use the medical record system efficiently 
(prescribing, decision support regarding interactions and calculation of eGFR) 
 

Case 2. A 78-year-old woman with hypertension, atrial fibrillation, and osteoporosis 
presents at the emergency department with severe and progressive fatigue, dizziness, and 
several falls over the last weeks. She hands over her “medication list”, which is a copy of 
the pharmacy register of current prescriptions available for dispensing (which is given to 
the patient at the pharmacy when new medications are dispensed). She reports taking the 
medications as described in this list:  

Warfarin 2.5 mg according to regular follow-up at the anticoagulant clinic 
Calcichew-D3 twice a day Aspirin 160 mg a day 
Seloken ZOC 50 mg a day Metoprolol 200 mg a day 
Amlodipine 5 mg a day Alendronate 70 mg a week 
Zolpidem 10 mg in the evening Oxazepam 5 mg when needed  

 
Teaching points:  

• Recommended treatment for non-valvular atrial fibrillation (rhythm control and stroke 
prevention including new oral anticoagulants), osteoporosis, sleeping disorder (in 
particular for older patients) 

• Pitfalls with using the pharmacy register of drugs available for dispensing (they can 
include duplicates, in particular when treatment is changed, and does not include 
medications that cannot be dispensed another time without renewal from the 
physician) 

• Importance of written information of drug treatment changes to patients 
 

Case 3. A 95-year-old woman, living alone at home, with hypertension, glaucoma, long 
term leg pain, dizziness, and a tendency of hyponatremia, is admitted because of worsened 
dizziness and fatigue. She has normal vital signs, including a blood pressure of 160/80 
and normal CBC, electrolytes, creatinine, and thyroid hormones. She did not bring a 
medication list and cannot recall all her medications, but says she takes “a lot of pills”. 
Using the Register of dispensed drugs reveals that she uses the following medications:  

Omeprazole 20 mg a day Low dose aspirin once a day 
Oral cyanocobalamin 1 mg a day Folic acid 5 mg twice a day 
Furosemide 25 mg twice a day Felodipine 5 mg a day 
Acetaminophen (modified release) 665 mg 2 
pills three times a day 

Diazepam 10 mg four times a day 

Zolpidem 10 mg 2 in the evening Citalopram 10 mg a day 
Mirtazapine 45 mg a day Alprazolam 0.5 mg when needed 
Brinzolamide/timolol 10mg/ml+5mg/ml 
twice a day in right eye  
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Teaching points:  

• This authentic case illustrates the complex reality where several physicians, in various 
healthcare centres without a unified drug order system, prescribe drugs not knowing 
about one another’s prescriptions. 

• The importance of reconsidering the indication of medications (in this case aspirin,  
vitamin B12, folic acid, loop diuretics, acetaminophen, SSRI/NaSSA, alprazolam, 
zolpidem, high dose diazepam) 

• Attention to drugs with increased risk for the elderly, for example falls, cognitive 
deterioration (benzodiazepines, sleeping pills, opiates, glucocorticoids, anticholinergic 
drugs) 

• Using correct doses of drugs (folic acid, acetaminophen, diazepam, zolpidem, 
antidepressants) 

• Strategies for withdrawing drugs gradually (benzodiazepines) 
• Choice of drugs for anxiety and sleeping disorder in the elderly 
• How to check and manage interactions (in this case ASA/SSRI, omeprazole/SSRI) 
• Arrhythmias with hypokalemia (loop-diuretics, drugs causing QT prolongation) 

 
Case 4. An 84-year-old woman with atrial fibrillation, hypertension, and hypothyroidism 
is brought to the emergency department by her family because of nausea, fatigue, bad 
appetite, and sporadic vomiting over the last 2 months, starting after an episode with fever 
and vomiting. Her medications are as follows:  

Warfarin 2.5 mg according to regular follow-up at the anticoagulant clinic 
Furosemide 40 mg a day (not used for 4 weeks) 
Metoprolol 100 mg twice a day 
Felodipine 5 mg a day (not used for 4 weeks) 
Valsartan-hydrochlorotiazide 160/12.5 mg a day 
Levothyroxine 100 µg a day 
Digoxin 130 microgram a day  
 

Teaching points:  

• The participants are to decide what information and examinations are important to 
correctly diagnose and treat the patient (hypotension, bradycardia, EGG with signs of 
digoxin intoxication, clinical signs of dehydration, renal failure, electrolyte balance, 
digoxin concentration, thyroid hormones et cetera) 

• Pharmacodynamics and pharmacokinetics of common drugs (warfarin, loop and 
thiazide diuretics, ARBs/ACE-inhibitors, COX inhibitors, digoxin) and relation to 
kidney function 

• Practicing plausibility assessment, documentation of medication changes and written 
information to patient 
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Appendix B: Questionnaire used in Study III 
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Teaching points:  

• This authentic case illustrates the complex reality where several physicians, in various 
healthcare centres without a unified drug order system, prescribe drugs not knowing 
about one another’s prescriptions. 

• The importance of reconsidering the indication of medications (in this case aspirin,  
vitamin B12, folic acid, loop diuretics, acetaminophen, SSRI/NaSSA, alprazolam, 
zolpidem, high dose diazepam) 

• Attention to drugs with increased risk for the elderly, for example falls, cognitive 
deterioration (benzodiazepines, sleeping pills, opiates, glucocorticoids, anticholinergic 
drugs) 

• Using correct doses of drugs (folic acid, acetaminophen, diazepam, zolpidem, 
antidepressants) 

• Strategies for withdrawing drugs gradually (benzodiazepines) 
• Choice of drugs for anxiety and sleeping disorder in the elderly 
• How to check and manage interactions (in this case ASA/SSRI, omeprazole/SSRI) 
• Arrhythmias with hypokalemia (loop-diuretics, drugs causing QT prolongation) 

 
Case 4. An 84-year-old woman with atrial fibrillation, hypertension, and hypothyroidism 
is brought to the emergency department by her family because of nausea, fatigue, bad 
appetite, and sporadic vomiting over the last 2 months, starting after an episode with fever 
and vomiting. Her medications are as follows:  

Warfarin 2.5 mg according to regular follow-up at the anticoagulant clinic 
Furosemide 40 mg a day (not used for 4 weeks) 
Metoprolol 100 mg twice a day 
Felodipine 5 mg a day (not used for 4 weeks) 
Valsartan-hydrochlorotiazide 160/12.5 mg a day 
Levothyroxine 100 µg a day 
Digoxin 130 microgram a day  
 

Teaching points:  

• The participants are to decide what information and examinations are important to 
correctly diagnose and treat the patient (hypotension, bradycardia, EGG with signs of 
digoxin intoxication, clinical signs of dehydration, renal failure, electrolyte balance, 
digoxin concentration, thyroid hormones et cetera) 

• Pharmacodynamics and pharmacokinetics of common drugs (warfarin, loop and 
thiazide diuretics, ARBs/ACE-inhibitors, COX inhibitors, digoxin) and relation to 
kidney function 

• Practicing plausibility assessment, documentation of medication changes and written 
information to patient 
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Appendix B: Questionnaire used in Study III 
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Please mark to what extent you agree with the 
following statements: 
(on a scale from ”Strongly disagree” to ”Strongly agree”) 

17. I know the components of a basic medication 
review □       □        □        □       □  

18. I feel confident performing a basic medication 
review  □       □        □        □       □  

19. I know the components of an expanded 
medication review □       □        □        □       □  

20. I feel confident performing an expanded 
medication review □       □        □        □       □  

21. I feel confident about adding a new medication 
when this is required by the health condition of 
the patients 

□       □        □        □       □  

22. I feel confident about withdrawing a 
medication □       □        □        □       □  

23 I feel confident taking responsibility for the 
medication list at discharge □       □        □        □       □  

  

 
 
24. Before starting my internship, I worked as a physician assistant for ………………months 
                                                                                                           (Enter number of months) 
 
25. I have now completed ……………………..months of my internship (do not count research or 
parental leave)                       (Enter number of months) 
 
 
26. I am: 
 
 
 
 
 
27. After medical school, I have 
completed the following courses 
related to drug treatment 
management: 
 
 
28. Name: …………………………………………………………………………….  
 
Comments………………………………………………………………………………… ...…

………….…………………………………………………………………………………… … 

.…………….…………………………………………………………………………………….  

Thank you! 

 
 
Strongly 
disagree 

 
 

Strongly  
agree 

□ not involved in research □ a Ph.D. 
□ not registered as Ph.D. student but 

involved in research 
□ an associate 

professor 
□ a Ph.D. student  

□ The Internet based education from the Swedish 
National Board of Health and Welfare ”Drug treatment of 
the elderly”  
□ Other: ……………………………….…. (enter name /  
                                                                       content of the course) 

Respondent characteristics 

Perceived skills and confidence performing medication reviews 
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