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1. Introduction 

1.1. Evidence based medicine 

High quality evidence is the key to sound decision making in medicine. Evidence-based 

medicine is defined as “the conscientious, explicit, and judicious use of current best evi-

dence in making decisions about the care of individual patients” (Sackett et al., 1996). 

During the clinical development of new drugs, randomized clinical trials (RCT) provide 

evidence about its safety and efficacy, which are generated from a controlled study set-

ting. Typically, RCT are performed according to Good Clinical Practice (GCP) guide-

lines, which results in high data quality and internal validity, but due to extensive lists of 

inclusion and exclusion criteria, they have a more restricted external validity. Accord-

ingly, RCT do not produce real world evidence (RWE). 

In the light of using digital technologies in health care systems, electronic health 

data is becoming ubiquitous. By development of statistical software packages and data 

mining tools, aggregation and analysis of these big data is feasible. Currently, Real World 

Data (RWD) is used in different stages of the drug development. Their application ranges 

from go-no go decisions for development (e.g., by recognizing the unmet medical needs, 

evaluating the burden and epidemiology of the disease), improving the efficiency of clin-

ical trials (e.g., by generating hypotheses for testing, and assessing trial feasibility) to 

market access and finally in post-marketing surveillance activities (Breckenridge et al., 

2019, Galson, 2016). Regulatory authorities have been always interested in collecting 

RWD. Mainly by spontaneous adverse event reporting systems; the Eduravigilance data 

bank developed by European Medicine Agency (EMA), the Yellow Card Scheme from 

Medicine and Healthcare products Regulatory Agency (MHRA) in United Kingdom 

(UK) and the Adverse Event Reporting System of Food and Drug Administration (FDA) 

in United States of America (USA)(Breckenridge et al., 2019). Another way is by re-

questing a Post-authorization Study (PAS). They are all ways that regulatory authorities 

use to monitor the safety of the marketed medicinal products. 

The FDA defines RWD as “the data relating to patient health status and/or the 

delivery of health care routinely collected from a variety of sources” (FDA, 2016). RWD 
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can either be collected from the existing data sources such as Electronic Healthcare Rec-

ords (EHRs), claims and billing activities, product and disease registries, patient-gener-

ated data including in home-use settings, data gathered from other sources that can inform 

on health status, such as mobile devices or by generating completely new data e.g., by 

conducting post-marketing observational studies. RWD sources can be used to generate 

RWE. FDA defines RWE as “the clinical evidence regarding the usage and potential ben-

efits or risks of a medical product derived from analysis of RWD. They can be generated 

by different study design or analyses, including but not limited to, randomized trials (e.g., 

large simple trials, pragmatic trials), and observational studies (prospective and/or retro-

spective)”(FDA, 2016). 

1.2. Randomized clinical trials versus non-interventional studies 

RCTs are the gold standard for evaluating the efficacy and safety of medicinal products, 

particularly for obtaining marketing authorization. The evidence gained from RCTs has 

high internal validity due to randomization and, most often, blinding, and typically fol-

lowing GCP guidelines. However, this evidence is based on the limited information from 

a highly selective and homogeneous study population, collected in an experimental set-

ting for a relative short time. Therefore, evidence from RCT has limited external validity, 

which also limits insight about the cost effectiveness of a treatment. Further obstacles of 

RCTs are high cost and difficulty to recruit patients, particularly in oncology or rare dis-

eases trials, where conducting RCT may face ethical issues. Thus, there is an increasing 

recognition that RWE needs to complement the evidence from RCTs. 

While the evidence from RCTs is usually gained from interventional trials, RWE 

is mostly generated from non-interventional studies (NIS), which are observational stud-

ies. The term “trial” in RCT implies the experimental character of them, whereas the term 

“observational study” indicates that the use of the medicinal product is only observed 

under current clinical practice. In the context of a NIS, a treatment is not administered for 

study purpose but rather based on medical consideration and there is no random allocation 

(EMA, 2011). To avoid disturbing the real word setting, measures not applied in routine 

clinical practice are typically avoided, which includes non-routine diagnostics prior to 

treatment initiation and additional tests during and after treatment. Therefore, there are 

concerns about the data quality of NIS mainly because of missing or incomplete data and 
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hidden biases due to cofounding effects of underlying risk factors such as concomitant 

medications or diseases. 

It is important to notice that RCT and NIS have different objectives. The aim of 

RCT is to evaluate the “efficacy” of a medicinal product under study conditions, whereas 

NIS measures the “effectiveness”, which is an evaluation of the beneficial effect under 

real life condition in a heterogeneous patient population (Singal et al., 2014). 

1.3. Non-interventional studies 

1.3.1. Definition 

Article 2 (c) of Directive (DIR) 2001/20/EC defines NIS as “a study where the medicinal 

product is prescribed in the usual manner in accordance with the terms of the marketing 

authorization. The assignment of the patient to a particular therapeutic strategy is not de-

cided in advance by a trial protocol but falls within current practice and the prescription 

of the medicine is clearly separated from the decision to include the patient in the study. 

No additional diagnostic or monitoring procedures shall be applied to the patients and 

epidemiological methods shall be used for the analysis of collected data”(European 

Parliament, 2001). The upcoming clinical trial Regulation (REG) No.536/2014 in article 

2(2) (4) defines a NIS as "a clinical study other than a clinical trial" (European Parliament, 

2014). A decision tree is provided in the regulation No. 536/ 2014 Question and Answers 

document and helps to decide if a study considered as NIS in the sense of this new clinical 

trial regulation (European Parliament, 2021) (Table 1). 

The European Network of Centers for Pharmacoepidemiology and Pharmacovig-

ilance (ENCePP) states that “the current definition of NIS allows room for interpretation; 

as a result studies have been delayed or have not been conducted at all “ due to differences 

in the interpretation of the definition (EMA, 2011). As mentioned by the module VIII of 

the Good Pharmacovigilance Practices (GVP), “NIS are defined by the methodological 

approach used and not by its scientific objectives” (EMA, 2017) and sometimes it is dif-

ficult to distinguish the interventional or non-interventional nature of them, especially 

when additional monitoring or testing is included in the study. Furthermore, ENCePP 
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highlighted that “current clinical practice regarding the diagnosis, intervention, and fol-

low-up of a specific medical problem can vary between healthcare  professionals and can 

differ depending on the setting (e.g. outpatient vs. inpatient clinics , district hospital vs. 

teaching hospital and between EU member states)”(EMA, 2011). For example, the com-

petent authority in Finland considers the inclusion of the quality of life questionnaire not 

as a current practice and considers studies including them as interventional, Netherland 

also considers very long questionnaires as not a routine practice (Ramirez, 2015). There-

fore, there is a need for a harmonized definition of NIS. According to ENCePP, a diag-

nostic, monitoring or therapeutic procedure can be considered as current practice if at 

least one of the following criteria is fulfilled (EMA, 2011): 

- Routinely performed by a proportion of healthcare professionals 

- Performed according to evidence-based medicine criteria 

- Defined in guidelines issued by a relevant medical body 

- Mandated by regulatory and/or medical authorities 

- Reimbursed by the national or private health insurance
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Table 1. Decision tree to establish whether a study is non-interventional (Adapted from the regulation No. 536/ 2014 draft Question and 

Answers version 3) (European Parliament, 2021) 

 A B C D E F 

A clinical trial of a medicinal product? A non-interventi-

onal study?  

A low intervention 

clinical trial? 

Is a medicinal product ad-

ministered before or during 

the start of the clinical trial 

Is it a medicinal product (i)? Is it not a medicinal 

product? 

What effects of the med-

icine are you looking 

for? 

Why are you looking for 

those effects? 

How are you 

looking for these 

effects? 

Is the product au-

thorized in any EU 

Member State? 

If a medicinal product is 

administered before the 

start of the clinical trial, 

and it falls under current 

practice (vii), please go to 

column E.  

 

If a medicinal product is 

administered before the 

start of the clinical trial and 

it falls not under current 

practice, column E is ex-

cluded. 

 

 If a medicinal product is 

administered after the start 

of the clinical trial, please 

go to column A. 

If you answer no to all the 

questions in column A, the 

activity is not a clinical trial 

on a medicinal product. 

 

 

 

 

 

 

 

 

 

 

If you answer yes to any of 

the questions below go to 

column B. 

If you answer yes to the 

question below in col-

umn B the activity is not 

a clinical trial on a me-

dicinal product. 

 

 

 

 

 

 

 

 

 

If you answer no to this 

question below go to col-

umn C 

If you answer no to all 

the questions in column 

C the activity is not a 

clinical trial under the 

scope of Regulation EU 

No 536/2014. 

 

 

 

 

 

 

 

 

If you answer yes to any 

of the questions below 

go to column D. 

If you answer no to all 

the questions in column 

D the activity is not a 

clinical trial under the 

scope of Regulation EU 

No 536/2014. 

 

 

 

 

 

 

 

 

If you answer yes to any 

of the questions below 

go to column E. 
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 A.1. (ii) Is it a substance or 

combination of substances 

presented as having proper-

ties for treating or prevent-

ing disease in human be-

ings? 

 

 A.2. Does the substance 

function as a medicine? i.e., 

can it be administered to 

human beings either with a 

view to restoring, correct-

ing, or modifying physio-

logical functions by exert-

ing a pharmacological, im-

munological, or metabolic 

action or to making a medi-

cal diagnosis or is otherwise 

administered for a medici-

nal purpose?  

 

A.3.Is it an active substance 

in a pharmaceutical form? 

B.1.(iii) Are you only 

administering any of the 

following substances?  

- human whole blood1 

- Human blood cells 

-Human plasma 

-A food product (iv) (in-

cluding dietary supple-

ments) not presented as 

medicine. 

-A cosmetic product (v) 

- A medical device 

C.1. To discover or ver-

ify/compare its clinical 

effects?  

 

C.2. To discover or ver-

ify/compare its pharma-

cological effects, e.g., 

pharmacodynamics?  

 

C.3. To identify or ver-

ify/compare its adverse 

reactions?  

 

C.4. To study or ver-

ify/compare its pharma-

cokinetics, e.g., absorp-

tion, distribution, metab-

olism, or excretion? 

D.1. To ascertain or ver-

ify/compare the efficacy 

(vi) of the medicine? 

 

 D.2. To ascertain or ver-

ify/compare the safety of 

the medicine? 

  

 

 

 

6



(i) Cf. Article 1(2) of Directive 2001/83/EC, as amended 

(ii) Substance is any matter irrespective of origin e.g. human, animal, vegetable or chemical that is being administered to a human being.  

(iii) This does not include derivatives of human whole blood, human blood cells and human plasma that involve a manufacturing process.  

(iv) Any ingested product which is not a medicine is regarded as a food. A food is unlikely to be classified as a medicine unless it contains one or 

more ingredients generally regarded as medicinal and indicative of a medicinal purpose.  

(v) The Cosmetic Directive 76/768/EC, as amended harmonises the requirements for cosmetics in the European Community. A "cosmetic product 

"means any substance or preparation intended for placing in contact with the various external parts of the human body (epidermis, hair system, 

nails, lips and external genital organs) or with the teeth and mucous membranes of the oral cavity with the view exclusively or principally to 

cleaning them, perfuming them or protecting them in order to keep them in good condition, change their appearance or correct body odours. 

(vi) Efficacy is the concept of demonstrating scientifically whether and to what extent a medicine is capable of diagnosing, preventing or treating 

a disease and derives from EU pharmaceutical legislation.  

(vii) Assignment of patients to a treatment group by randomisation planned by a clinical trial protocol cannot be considered as current practice 
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1.3.2. Study types and applications 

NIS are one of the useful tools to collect RWD. NIS may be retrospective with the sec-

ondary use of existing data or prospective with primary collection of data. 

ENCePP gives examples of retrospective NIS (EMA, 2011): 

- purely observational review/research of a database 

- retrospective review of records, where all events of interest have happened e.g., 

case-control, cross-sectional and purely retrospective cohort studies 

- studies in which the prescriber later become investigator, but the prescription has 

already occurred, e.g., retrospective data collection from individual medical rec-

ords at the site of investigator 

ENCePP gives examples of prospective NIS (EMA, 2011): 

- registries in which the data collected derive from routine clinical care 

- studies which evaluate patterns of the usage of medicines  

- drug utilization studies including potential off-label use  

- measuring the effectiveness of risk management measures 

- measuring effectiveness of therapeutic interventions in current practice 

- health outcome assessments 

- long-term extension studies with patient follow up beyond trial protocol specified 

time for observation and active collection of additional data – such as death or 

event free survival 

Another application of NIS is in PAS, e.g., in the form of post-authorization safety 

study (PASS). DIR 2001/83/EC Art 1(15) defines PASS as “any study relating to an au-

thorized medicinal product conducted with the aim of identifying, characterizing or quan-

tifying a safety hazard, confirming the safety profile of the medicinal product, or of meas-

uring the effectiveness of risk management measures” (EMA, 2017). The main purpose 

of PASS is to evaluate the safety and benefit-risk profile of a medicine and support regu-

latory decision-making (EMA, 2017). 
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Marketing Authorization Holder (MAH) can initiate, manage or finance a PAS 

voluntarily or pursuant to a request by a National Competent Authority (NCA) in member 

state or EMA according to DIR 2001/83/EC or REG No 726/2004/EC. Voluntary PASS 

studies are normally part of the risk management activities. A PASS may be interven-

tional or non-interventional. According to GVP Module VIII, for a PASS to be considered 

as NIS the requirement mentioned under the definition of NIS should be cumulatively 

fulfilled (EMA, 2017). 

1.3.3. Regulatory framework in Europe 

Current clinical trials in the EU are conducted according to DIR 2001/20/EC. REG 

No.536/2014, which is in force since 16 June 2014, will replace this directive in the fu-

ture. It is announced that the new regulation will be applicable six month after the Euro-

pean Commission publishes the confirmation of the full functionality of the Clinical Trial 

Information System (CTIS) (EMA, no date). CTIS contains the centralized EU portal and 

databank for clinical trials, which provides a central clinical trial application submission 

to NCA and Ethics Committee (EC), and will harmonize the clinical trial process and 

requirements (EMA, no date). However, NIS are out of scope of DIR 2001/20/EC and 

the up-coming regulation with the justification that they have lowest risk for the study 

participant. However, as in clinical trials, these studies should be conducted in accordance 

with the 1964 Helsinki declaration and its later amendments. Moreover, the Guidelines 

for Good Pharmacoepidemiology Practice (GPP) should be followed for such studies 

(ISoP, 2016). Currently there is no harmonized regulation or guidance for submission and 

conduction of NIS in Europe and each member state has its own regulations and require-

ments. As NIS include also post-marketing studies, pharmaceutical association have also 

published a code of conduct for such studies to control their scientific purpose and provide 

guidance for their conduction (Ramirez, 2015). Therefore, to ensure the patient safety and 

to generate high quality data, the national laws and local regulations, guidelines and code 

of conduct must be followed while planning and conducting NIS. 

An approval from a NCA is not required for a NIS in most member states, with 

the exception of Finland and Denmark (Ramirez, 2015). However, a favorable opinion of 

an EC is required; but there are exceptions, e.g., in Denmark and Austria, and in France 

“Advisory Committee on Research Information Processing” is responsible for ethical 
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evaluation of NIS (Ramirez, 2015). There is no central EC responsible for the ethical 

review of the NIS protocol. NIS are currently approved by local and sometimes regional 

ECs each requiring different documents, which creates an administrative burden (de 

Lange et al., 2019, Ramirez, 2015). Sometimes the approval or notification of the data 

protection authorities are also required for NIS (Ramirez, 2015). Currently the REG 

2016/679 on personal data protection is in force in Europe and must be followed 

(European Parliament, 2016). There is no need for clinical trial insurance to cover NIS 

(exception: Belgium) (Ramirez, 2015). 

There is no central submission procedure or registration obligation for NIS in an 

EU database, except for non-interventional PASS that are imposed as an obligation by a 

NCA or the EMA. It is not mandatory to register a voluntary non-interventional PASS, 

but as registration will support the same level of transparency, scientific and quality stand-

ards in all NIS, it is recommended in GVP Module VIII to register them as well (EMA, 

2017). The EU PAS (EU PAS) register of EMA is a free, publicly available electronic 

database to register non-interventional PASS. According to a webinar conducted by the 

EMA, in total 2040 NIS are registered in EU PAS register to date of 5 March 2021(EMA, 

2021). The EMA’s Pharmacovigilance Risk Assessment Committee (PRAC) is responsi-

ble to evaluate their study protocol and their results. The EMA provides a guidance doc-

ument for the protocol and final study report of a non-interventional PASS (EMA, 2012). 

DIR 2010/84/EU on pharmacovigilance and safety reporting (Article 107) requires EMA 

“to make public the protocols and abstracts of results of imposed non-interventional 

PASS public” (European Parliament, 2010). Chapter 4 of the DIR 2010/84/EU provides 

further details about conduct of such studies. The Commission Implementing REG (EU) 

No 520/2012 provides the format for the study protocol, abstracts and final reports in 

Annex III (European Parliament, 2012). Furthermore, date of study registration in the EU 

PAS register is mentioned here also as one of the milestones to be mentioned in the final 

study report of imposed non-interventional PASS (European Parliament, 2012). 

1.3.4. Advantages, limitations, and challenges 

NIS have considerable external validity as they collect data from large number of partic-

ipants from normal treatment settings, which allows studying the patient populations that 

were excluded from RCTs (e.g., pregnant women, children, elderly and patients with 
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comorbidities and co-medications). This allows the subgroup analysis and multi-variate 

statistical approaches to explore the role of factors associated with efficacy and safety and 

provide useful information about the effectiveness and safety of the marketed medicinal 

products (Michel et al., 1998, Michel et al., 2000, Michel et al., 2007). Moreover, com-

pares to large RCTs, NISs are easier and less expensive to perform (no clinical trial in-

surance is needed). 

On the other hand, NIS have some methodological challenges. First, as with any big data, 

there are concerns about data quality and hidden biases.  Different statistical approaches 

might be attempted to address the missing data or to adjust for the cofounding factors, 

however some residual confounding is likely to remain (Zeng et al., 2019). Second, lack 

of randomization, blinding and a control group limit their internal validity. Therefore, it 

is difficult to ensure the representativeness of the study population (selection bias), alt-

hough this has to be weighed against the selection bias by in- and exclusion criteria ap-

plied in RCT. Some methodological changes may increase the internal validity of a NIS. 

For example, initial attempts have been made to include control groups (Michel et al., 

2013), randomization-like elements (Schneider et al., 2014) and data source verification 

(Michel et al., 2004) into the design of prospective NIS. For retrospective NIS, randomi-

zation can be practiced by limiting the inclusion and analysis to new users of the medi-

cine, the so-called new/incident user design. An incident user design follows the patients 

from the day that they have started an intervention, which may reduce chronology biases 

but with the tradeoff of reducing the study precision (Johnson et al., 2013, Ray, 2003). 

Third, given to their complexity and heterogeneity in regulation, conducting a global NIS 

is challenging if not impossible (Claudot et al., 2009, Ramirez, 2015). Finally, NIS are 

mostly initiated, managed, and financed by commercial sponsors such as the MAH, but 

recently non-commercial sponsors such as academic institutions also show interest in 

conducting NIS. However, the limited available regulatory guidance on NIS is applicable 

only to industry sponsored studies, which makes the conduct of such studies more chal-

lenging for academic institutes. 

The pharmaceutical industry has been accused of abusing NIS as a marketing tool as 

many NIS lacked a valid scientific question (Gale, 2012, Morton et al., 2016, von Jeinsen 

and Sudhop, 2013). A recent cohort study showed that physician’s participation in a NIS 
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sponsored by pharmaceutical, is associated with a more frequent prescription of the in-

vestigated medicinal product by them (Koch et al., 2020). A survey of the notifications 

sent to regulatory agencies found that post-marketing NIS do not improve the drug safety 

surveillance as the sample sizes are too small to detect rare adverse drug reactions and 

the confidentiality clauses affect the adverse event reporting of the participating physi-

cians (Spelsberg et al., 2017). However, such comments reflect on the use of the tool NIS 

but not necessarily on what can be achieved using it. Moreover, a lack of power to detect 

rare adverse drug reactions does not necessarily limit their usefulness for the improve-

ment of drug safety because NIS can provide evidence on the propensity of risk groups 

to exhibit known and more frequent adverse events, e.g., those with certain co-medica-

tions or co-morbidities (Michel et al., 1998). 

1.4. Statistical reporting in evidence-based medicine  

The next step after data collection is to present and interpret them and finally make deci-

sions based on study findings (Smith, 2020). Statistical analysis and proper presentation 

of statistical results is a crucial part in both RCT and NIS. Even with high quality data, 

poor statistical analysis approaches, result in incorrect conclusions about the study results. 

False positive results in RCT results in entry of a product into the market that does not 

provide benefit to the patient, and false negative results may prevent a potentially bene-

ficial product to come into the market. The same can be expected from false results of a 

NIS, a false positive about the safety of medicinal product can for example lead to market 

withdrawal, and false negative may impose life-threatening risks to patients. The Network 

for Enhancing the Quality and Transparency of Health Research (EQUATOR) provides 

reporting guidelines for different study types in evidence-based medicine. These guide-

lines “provide checklists, flow diagram or explicit text to guide authors in reporting a 

specific research developed using explicit methodology”(EQUATOR, No date). 

Consolidated Standards of Reporting Trials (CONSORT) and Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) are two key guidelines 

for reporting the findings from RCTs and observational studies, respectively. These 

guidelines can also be endorsed by different journals and assist the peer reviewers and 

editors in their decision-makings. However, recommendations in guidelines, are merely 
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recommendation and not rules (Diong et al., 2018). Therefore, they guarantee neither that 

all authors will adhere to them, nor that all authors will agree with them. 

Data analysis has become faster and easier by development and growing popular-

ity of statistics software such as – R, SAS, and SPSS; however, many researchers still 

misunderstand and misinterpret some basic statistical concepts (Diong et al., 2018, Smith, 

2020). Hirst and Altman state that “poor reporting of research studies hindering its utili-

sation in clinical practice and further research plagues the medical literature. This is un-

ethical, wasteful of scarce resources and event potentially harmful” (Hirst and Altman, 

2012). Sometimes the study findings on the same question do not align with each other, 

this has been observed in different study types ranging from clinical trials to epidemio-

logical studies (Ioannidis, 2005). The underlying reason could be some basic statistical 

errors in the presentation or interpretation of the results (Lang, 2004, Ioannidis, 2005). 

Descriptive statistics and inferential statistics are the main part of the statistical analysis. 

“Descriptive statistic is the science of summarizing or describing the data, while inferen-

tial statistic is the science of interpreting the data in order to make estimates, hypothesis 

testing, predictions, or decisions from sample to the targeted population”(Shein‐Chung 

Chow; Jen‐Pei Liu, 2013). Demographics, baseline and treatment outcome parameters 

are usually summarized by using simple sample descriptive statistics such as mean, me-

dian and mode and dispersion of data like standard deviation, range or interquartile range 

(Shein‐Chung Chow; Jen‐Pei Liu, 2013). Reporting mean with standard deviation is in-

tuitive to many, but it assumes that the data is normally distributed, which further impacts 

on the choice of the statistical test. Therefore, it is important to determine if the data is 

normally distributed, before presenting them.  

The next step after presenting the data is to analyze and interpret them. A differ-

ence might be observed by comparing the descriptive statistics of the baseline and treat-

ment outcome parameters. However, the observed difference might be due to chance 

alone. Therefore, before drawing conclusions about the observed differences (effects), we 

need to ascertain that it is not due to chance (Shein‐Chung Chow; Jen‐Pei Liu, 2013). The 

frequentist approaches of the data analysis involve either testing a pre-specified hypoth-

esis or making an estimate of effect size about an intervention in the study population and 

then infer the results to the targeted population with the same characteristics, the so-called 
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statistical inference. The rejection or failure to reject a null hypothesis is the first thing, 

and sometimes the only thing, addressed in many statistics textbooks and courses under 

the rubric of „statistical inference”. Such inferences are often drawn without explicit ref-

erence to the value of the test statistic, the chosen alpha level, or the p-value. Criticism of 

dichotomizing the data with p-value is old and there are warnings against decision-mak-

ing based on categorized p-values (Boring, 1919). Moreover, in RCTs or NIS with large 

sample size , even small effects of questionable clinical relevance might be statistically 

significant, and therefore it is necessary to see if the results are clinically meaningful 

(Ioannidis, 2005). 
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2. Objectives and methods 

This dissertation presents the results of three observational NIS and two systemic reviews 

with three main objectives. First, to understand the value of NIS to complement the evi-

dence from RCT to improve the effectiveness of the treatment when considering their 

strengths and limitation. Second, to evaluate the potential use of the routinely collected 

inpatient data in the context of the NIS study design to support the drug safety surveil-

lance. Third, to elaborate on two basic statistical reporting issues as an implication for 

analysis and reporting of research in evidence-based medicine. To address the overall 

objectives of this work, three NIS studies were used as examples and we conducted two 

systemic reviews of publications in PubMed database (https://pub-

med.ncbi.nlm.nih.gov/). Moreover, the discussion section of each of the three NIS explic-

itly discusses the limitations related to the interpretation of the data being analyzed. 

Among the included NIS, two of them were observational studies with prospective 

data collection conducted as part of the obligation of pharmaceutical companies in Ger-

many for ongoing monitoring of the safety and tolerability of propiverine. Propiverine is 

an antimuscarinic drug used in adults who have Overactive Bladder syndrome (OAB). 

The symptoms of OAB are the urgency to urinate, frequent urination or being unable to 

hold urine. Two doses of propiverine extended release (30 and 45 mg/d) are available for 

treatment of OAB symptoms. This allows adjusting the dose to obtain the optimal thera-

peutic effect and to control the adverse effects. According to its prescribing information, 

the recommended dose for the treatment of OAB is 30 mg once daily. If the dose is well 

tolerated and clinical effect is not improved sufficiently, the dose may be increased to 45 

mg. This dosing recommendation is based on the results of the clinical studies and dose 

adjustment might be needed for especial subgroup of patients. As some patients were 

excluded from clinical trials, dosing information about some patient groups are missing 

e.g., patients with moderate to severe renal or hepatic impairment. Moreover, prediction 

of the optimal dose for individual patient is difficult and is influenced by factors like age, 

genotype, comorbidity, co-medications, etc. To our knowledge, no RCT studied which 

factors are associated with the initial dosing decision. Moreover, it is possible that factors 

associated with the initial dosing decision also impact the decision to increase the dose 

and, thereby, the overall treatment outcome. The two NIS used for this research purpose 
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had similar designs. Study I was primarily designed to explore the effect of different start-

ing dose and dose adjustment after 4 weeks with a treatment duration of 12 weeks. Study 

II was designed to explore the effect of additional material (information sheet about OAB 

and mode of action of the drug) on efficacy and tolerability and on premature discontin-

uation during a treatment period of 12 weeks and allowed extension of observation for up 

to 24 weeks in a subgroup. We evaluated the potential of these two NIS to complement 

former RCTs. To this end, we performed a post-hoc analysis of their datasets, using mul-

tivariate analysis approach to determine the factors associated with the initial dosing and 

up-titration decision of propiverine for the treatment of OAB symptoms. Furthermore, we 

analyzed how dosing relative to other factors affects treatment outcome. 

The third NIS included in the context of this work was an observational study with 

retrospective data collection, funded by the Federal Ministry of Education and Research 

in Germany and conducted by academic investigators. In this project a secondary analysis 

of the routinely collected in-patient data sampled from four non-academic hospitals in 

Germany were performed and the recorded in-patient diagnosis were evaluated regarding 

causal relationship to any drug and whether the event was preventable. Here we examined 

the potential use of the routinely collected inpatient data in the context of NIS study de-

sign to complement the existing drug surveillance systems. 

Lastly, this thesis covered two basic issues in statistical reporting that might in-

fluence the validity of the evidence from studies in medical science. One of the concepts 

that we considered is the choice in measure of center (mean, median, and mode) and 

dispersion of data (standard deviation, range, or interquartile range). To this end, we used 

parts of the two NIS datasets on propiverine to explore the presence or absence of normal 

distribution of OAB parameters urgency, incontinence, frequency and nocturia and treat-

ment-associated changes thereof. Furthermore, we performed a systemic review of orig-

inal studies reporting on at least one OAB symptoms published in four leading urology 

journals in 2016-2017. The second concept that we elaborated on is the reliance on p-

value and preference of authors for statistical testing rather than estimating. For this pur-

pose, we conducted a systemic review of the abstracts of the publications in three influ-

ential clinical pharmacology journals using a text-mining algorithm and estimated the 

time trend in the prevalence of reporting statistical inferences. 
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The remainder of this thesis reads as follows. Third section is the cumulative part 

of the dissertation, which contain the publications under this thesis with further details 

about the background, materials, methods, and the results of each project. The fourth sec-

tion is the discussion part of the dissertation, in which the overall findings of the thesis 

are discussed. In the outlook section, the future perspectives of NIS are given and finally 

the thesis ends with a summary.  
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3. Cumulative part of the dissertation 

 

3.1. Do overactive bladder symptoms and their treatment-associated changes exhibit a 

normal distribution? Implications for analysis and reporting. 
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Abstract

Aims: To explore the use of means vs medians (assuming or not the presence of

normal distribution) in studies reporting overactive bladder syndrome

symptoms and to test for normal distribution of basal values and treatment‐
associated changes thereof in two large noninterventional studies.

Methods: Systematic review of all original studies reporting on at least one

overactive bladder syndrome symptom published in four leading urology journals

in 2016 to 2017. Testing of the normal distribution of urgency, incontinence,

frequency, and nocturia in two large noninterventional studies (n = 1335 and 745).

Results: Among 48 eligible articles, 86% reported means (assuming a normal

distribution), 6% medians (not making this assumption), and 8% a combination

thereof. Baseline values for all four symptoms and treatment‐associated
alterations thereof deviated from a normal distribution (P< .0001 in all cases).

Means overestimated basal value and absolute changes thereof as compared

with medians, for example, basal number of incontinence episodes in study 1

5.1 vs 4. Differences between means and medians for percentage changes of

symptoms were small and did not consistently favor means over medians.

Conclusions: Dominant reporting of means implies the assumption of a normal

distribution of overactive bladder syndrome symptoms but our data from two

noninterventional studies do not support this assumption. We recommend that

basal values and absolute symptom changes should be reported as medians and

subjected to nonparametric analysis; means may be appropriate for the reporting

of percentage changes of symptoms.

KEYWORD S

data analysis, normal distribution, overactive bladder syndrome, propiverine

1 | INTRODUCTION

The overactive bladder syndrome (OAB) has a high
prevalence1 and adversely impacts on the well‐being of

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

Abbreviations: IQR, interquartile range; NIS, noninterventional study;
OAB, overactive bladder syndrome; RCT, randomized controlled trial;
SD, standard deviation.
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the afflicted patients2 and their family members.3 Studies on
OAB are mostly based on quantification of the four key
symptoms of urgency, incontinence, frequency, and noctur-
ia,4 which typically are captured from voiding diaries.
When looking at published OAB studies, we noticed that
some investigators report baseline symptoms and
treatment‐associated changes thereof as means, whereas
others report them as medians. The use of means appears
intuitive to many, but it assumes that the data come from a
population exhibiting a normal (Gaussian) distribution. A
normal distribution is characterized by a unimodal,
symmetrical distribution with ∼68% of all values falling
within± 1 standard deviation (SD). In contrast, medians
provide a useful description of the central tendency of a
unimodal distribution that is not normal. For distributions
that have more than one peak (multimodal distributions),
both measures of central tendency are inappropriate.
Whether a normal distribution exists also has implications
on the choice of reported error bars and statistical tests. The
SD and parametric tests such as t tests are only appropriate
if a normal distribution can be assumed.

Against this background, we have systematically
extracted information from four major urology journals
reporting on OAB studies to explore whether they reported
means or medians of OAB symptoms and whether they
provided a justification for this choice. Moreover, we have
used data from two large noninterventional studies (NIS)
in OAB treatment to determine whether it is justified to
assume a normal distribution. We have compared means
and medians to determine whether using one yields a
systematic over‐ or underestimation as compared with the
other. Such calculations were made for the four OAB
symptoms of urgency, incontinence, frequency, and
nocturia and for treatment‐associated alterations thereof;
potential differences in reporting between studies with and
without industry involvement was a secondary exploratory
aim of our analysis.

2 | PATIENTS AND METHODS

2.1 | Present reporting practice in
peer‐reviewed publications

We conducted a systematic review of the original studies
published in 2016 and 2017 in four major urology journals
(BJU International, European Urology, Journal of Urology,
Neurourology, and Urodynamics) that reported on at least
one of the OAB symptoms of urgency, incontinence,
frequency, and nocturia. We used the PubMed database
(www.ncbi.nlm.nih.gov/pubmed) to identify relevant stu-
dies. In our PubMed search performed in May and June
2018, we entered the “name of journal” and “overactive

bladder” in the search field and applied the date filter
2016.01.01‐2017.12.31 for either print or online publication.
To minimize selection bias, we included all original studies
written in English and reporting on at least one of the four
OAB symptoms within this period, including those that did
not study OAB. We included randomized and observational
studies investigating a medical or a surgical intervention
including implanting devices as well as studies comparing
groups of patients without studying an intervention. Our
systemic review excluded preclinical studies, reviews,
editorials, and letters. However, we did not use any filter
regarding the sample size of the reported study. MA
extracted the studies’ primary and secondary endpoints and
their respective measurement methods from the full text of
each article. Moreover, she checked whether the authors
provided a justification for their choice of reporting means
or medians. In addition, she extracted the authors’
affiliations and study funding sources to explore whether
a study had involved industry. Individual studies considered
in our analysis and a PRISMA flow chart are listed in the
Online Supporting Information.

2.2 | Clinical data from two NIS

We used data from two NIS of a similar design and
performed in 2012 and 2014 for a post hoc analysis. They
included 1335 and 745 patients, respectively, and hereafter
named study 1 and 2. Both studies had been performed with
approval from the ethical committee of the state board of
physicians in Saxony, Germany (Sächsische Landesärzte-
kammer EK‐BR‐14/12‐1 and EK‐BR‐18/14‐1). While the
analyses occurred after the studies had been completed, the
statistical analysis plan had been prespecified before any
analysis related to the normality of data distribution. Both
NIS asked participating physicians to document baseline data
and treatment outcomes for patients receiving propiverine
ER based on the physician’s judgment to treat their OAB
symptoms. The planned duration of observation was 12
weeks with planned visits at baseline and after ∼4 and 12
weeks. According to the applicable prescribing information,
the starting dose could be 30mg or 45mg once daily and
could be adapted during the duration of the studies. Data
were collected on standardized case record forms. Based on
study protocol, OAB symptom intensity assessment was
based on voiding diaries but in line with the noninterven-
tional character of the study, the length of observation period
per assessment period in the diary was left to the discretion
of the physician.

Our analysis of the baseline data was based on all patients
having an entry for a given parameter. Patients not exhibiting
a given symptom at baseline (value of 0) and those with
medically implausible values (urgency> 50, frequency> 40,
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nocturia > 20, and incontinence> 30) were excluded from
the analysis for that symptom; this affected four patients each
for urgency and frequency, one for nocturia, and one for
incontinence in study 1 and none in study 2. Our analysis of
the treatment data was based on a subgroup of the baseline
cohort: to minimize heterogeneity based on dosing decision
and duration of follow‐up, this included only patients with
a starting dose of 30mg, having a recorded value at the
12‐week time point and no change of administered
dose during the observation period. We chose this group
because it represents the majority of patients. We evaluated
treatment‐associated reductions in symptom frequency
effects as delta (baseline – 12‐week value) and as percentage
reduction; for mathematical reasons, we calculated the latter
only for patients with a baseline value other than 0 for the
respective parameter. Missing data for one parameter did not
exclude the use of other parameters from the same patient.

Based upon a reviewer’s suggestion, we have per-
formed a post hoc analysis to determine whether
professional statisticians had been involved in the
analysis of the data of the published papers. For this
purpose, we checked the published manuscripts whether
any author listed an affiliation to a statistics, biostatistics,
or epidemiology department. Furthermore, we contacted
each corresponding author to ask for the involvement of
a professional statistician. If either was positive, we
assumed the involvement of a statistician. Moreover,
we asked corresponding authors whether to their knowl-
edge a professional statistician had been involved as part
of the manuscript evaluation by the journal. For either
assessment, we compared numbers of articles reporting
means, medians, or a combination thereof in an
exploratory manner.

We tested for normal distribution using the D’Agos-
tino and Pearson K2 omnibus test. To assess the impact
of a lack of normal distribution, we compared means and
medians. We performed all data analysis using the Prism
software (version 8.2.1; GraphPad, La Jolla, CA). As we
report only on a subset of both clinical studies, full data
including those on tolerability will be presented in a
subsequent report.

3 | RESULTS

3.1 | Present reporting practice in
peer‐reviewed publications

We retrieved and reviewed 183 articles in total, 16, 27, 39,
and 101 articles from BJU International, European
Urology, Journal of Urology, Neurourology, and Urody-
namics, respectively (see Online Supporting Informa-
tion). Forty‐eight papers were eligible for inclusion in our

analysis. Most of the articles (86%) reported means, only
a few medians (6%) and some both means and medians
(8%). All studies with industry involvement reported
means; among those without industry involvement,
corresponding numbers were 75% means, 11% medians,
and 14% a combination thereof. The articles reporting
means typically showed SD, standard error, or confidence
interval error bars, which were internally consistent in
their assumptions of a normal distribution. In contrast,
those reporting medians showed error bars as interquar-
tile ranges (IQR), which were also internally consistent in
not assuming a normal distribution.

Only four studies (8%) provided information on testing
for normal distribution within their data set: two studies
reported having used the Shapiro‐Wilk’s test5,6 and one
the Kolmogorov‐Smirnov test and a distribution histo-
gram7; they did not disclose the results of normality testing
but presented data as medians. One study showed a
histogram for end‐of‐treatment values that clearly showed
a lack of normal distribution but nonetheless reported
means.8 Of note, some of these studies included only 586

and 132 subjects,7 indicating that they were probably too
small to allow robust conclusions on the normal distribu-
tion. Four other studies (8%) made statements on normal-
ity but did not mention on which analysis this was based.
One of them claimed to have applied parametric and
nonparametric tests to parameters with and without
normal distribution, respectively but did not disclose
which applied to which parameter and concomitantly
reported means and medians for all OAB symptoms.9

Three others claimed normal distribution without showing
supporting data and reported mean values.10–12 The
studies providing some justification for the choice of
means vs medians reported both baseline symptoms and
treatment responses but did not differentiate their
assumptions related to a normal distribution for the two
assessments.

In a post hoc analysis, we explored the impact of the
involvement of a professional statistician in the data
analysis on reporting. Twenty‐one of 26 papers with
available information had involved a statistician; they
reported means in 16, medians in three and a combina-
tion thereof in two cases. Five of 26 papers reported not
having involved a statistician; they all reported means. Of
the 22 papers without information about the involvement
of a statistician, 20 reported means and two a combina-
tion of means and medians. Authors of eight papers
reported that the referee comments included specific
feedback on statistical analysis; the published papers
reported means in six and a combination of means and
medians in two cases. Responding authors of four papers
stated that no specific statistical review was provided;
their published papers all reported means.
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3.2 | Clinical data from two NIS

The distribution of symptom intensity (episode frequency)
differed significantly from normality for all four OAB
symptoms in both studies (P< .0001 for all parameters;
Table 1). As an example, a graphical representation of the
distribution of intensity based on frequency data is shown
as Figure 1 indicating that the data exhibited a unimodal,
but not symmetrical distribution. Accordingly, means were
systematically higher than the corresponding medians in
both studies. The means as surrogate values for medians
overestimated the medians in the two data sets by 0.5 and
0.0 for urgency, 1.1 and 0.5 for incontinence, 0.6 and 0.2 for
frequency, and 0.4 and 0.5 for nocturia.

The distribution of treatment responses expressed as
absolute changes of episode frequency differed signifi-
cantly from normality in both NIS (P< .0001 for all
parameters; Table 2). Like baseline values (see above),
means as surrogate measures for the more appropriate
medians of absolute differences systematically overesti-
mated treatment effects on urgency (1.1 and 0.5),
incontinence (0.7 and 0.9), and frequency (0.8 and 0.8)
in both studies; however, there was no overestimation of
changes in nocturia episodes (0 and −0.3).

The distribution of treatment responses expressed as
the relative difference in episode frequency (percentage
of week 12 related to baseline measurement) also differed
significantly from normality in both NIS (P< .0001 for all
parameters; Table 3). However, differences were small
and, if anything, means underestimated symptom
changes relative to medians for all four symptoms.

4 | DISCUSSION

4.1 | Critique of methods

Our systematic review was based on four leading journals
in the OAB field. These journals were chosen assuming
that leading journals may have published papers of the

highest applicable standards. To minimize selection bias,
the chosen years of publication were systematically
screened for each journal.

Our analysis of clinical data was based on two NIS, not
on randomized controlled trials (RCT). This was done
because NIS tend to be larger than RCT, and a robust

TABLE 1 Baseline severity of OAB symptoms (episodes per 24 hours)

Study 1 Study 2

Symptom n Mean± SD Median (IQR) n Mean± SD Median (IQR)

Urgency 1151 10.5 ± 5.9 10 (6; 14) 621 10.0 ± 5.5 10 (6; 13)

Incontinence 785 5.1 ± 3.9 4 (2; 7) 418 5.5 ± 3.9 5 (2; 7)

Frequency 1308 13.6 ± 4.4 13 (11; 16) 730 13.2 ± 4.2 13 (10; 15)

Nocturia 1269 3.4 ± 1.6 3 (2; 4) 706 3.5 ± 1.7 3 (2; 4)

Note: Patients not exhibiting urgency, incontinence, or nocturia were excluded for that parameter. All four parameters differed from a normal distribution in
the D’Agostino and Pearson K2 omnibus test at P< .0001.
Abbreviations: IQR, interquartile range; OAB, overactive bladder syndrome.

FIGURE 1 Distribution of basal micturition frequency
(number of voids/24 hours) in studies 1 and 2. The highest
observed values in both studies were 33
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assessment of normality requires a large sample to be
analyzed.

The data sets being analyzed had been collected as part
of the obligation of pharmaceutical companies in Germany
to provide ongoing collection on the safety and tolerability
of a medicine (German Arzneimittelgesetz). While our data
represent post hoc analyses, they were based on a statistical
analysis plan that had been finalized before data were
inspected related to the goals of our investigation to avoid
bias during the analysis process. Several statistical tests are
available to test for deviation from a normal distribution.
We had selected the D’Agostino and Pearson K2 omnibus
test as a primary outcome measure. However, three other
tests for normality (Anderson‐Darling, Shapiro‐Wilk, and
Kolmogorov‐Smirnov) consistently confirmed the deviation
from normality for each parameter in each study (data not
shown).

Previous NIS on the use of muscarinic receptor
antagonists in the treatment of OAB have typically
reported mean values, for instance, based on treatment
with darifenacin,13 solifenacin,14 and tolterodine.15,16

Mean baseline intensity of symptoms and treatment‐
associated improvements thereof in the previous four and
in the present two studies were comparable, indicating
that we have used data sets that are representative for the
overall population of patients with OAB seeking medical
treatment in a real‐life setting. This is in line with the

general observation that all muscarinic receptor antago-
nists have comparable efficacy.17,18 However, it was
greater than observed in most RCT,17,18 at least in part
because RCT typically includes a single‐blind placebo
run‐in period before establishing baseline symptoms. In
conclusion, our clinical analyses are based on data sets
comparable with those of many other NIS and, therefore,
our clinical findings may be generalizable.

4.2 | Present reporting practice in
peer‐reviewed publications

Our results show that reporting of distributions of
symptoms or changes of symptoms related to OAB are
statistically inconsequently and therefore potentially
misleadingly described. Most authors used means,
implicitly assuming a normal distribution of OAB
symptoms. However, most of the authors reporting
means did not provide any justification for their
assumption of a normal distribution. With one excep-
tion,8 the few articles providing a justification for
assuming a normal distribution did not reference or
show the data supporting it. Although it can be assumed
that pharmaceutical companies sponsoring a clinical trial
have professional statisticians on staff, industry‐
sponsored studies consistently used means and failed to

TABLE 2 Absolute reductions of OAB symptoms (delta of episodes per 24 hour) after 12 weeks of treatment in the subgroup
continuously receiving 30 mg/day

Study 1 Study 2

Symptom n Mean± SD Median (IQR) N Mean± SD Median (IQR)

Urgency 627 7.1 ± 5.2 6 (3; 10) 335 6.5 ± 4.6 6 (3; 9)

Incontinence 414 3.7 ± 3.0 3 (2; 5) 218 3.9 ± 3.3 3 (1; 5)

Frequency 740 5.8 ± 3.7 5 (3; 7) 415 4.8 ± 3.5 4 (3; 6)

Nocturia 727 2.0 ± 1.9 2 (1; 3) 401 1.7 ± 1.5 2 (1; 2)

Note: All four parameters differed from a normal distribution in the D’Agostino and Pearson K2 omnibus test at P< .0001.
Abbreviations: IQR, interquartile range; OAB, overactive bladder syndrome.

TABLE 3 Relative reduction of OAB symptoms (percentage reduction of episodes per 24 hour) after 12 weeks of treatment in the
subgroup continuously receiving 30mg/day

Study 1 Study 2

Symptom n Mean± SD Median (IQR) n Mean± SD Median (IQR)

Urgency 627 71 ± 29 75 (56; 92) 335 65 ± 30 67 (50; 90)

Incontinence 414 82 ± 30 100 (67; 100) 218 70 ± 39 78 (50; 100)

Frequency 740 41 ± 17 42 (30; 50) 415 36 ± 20 36 (25; 46)

Nocturia 727 59 ± 29 60 (50; 75) 401 48 ± 39 50 (33; 67)

Note: All four parameters differed from a normal distribution in the D’Agostino and Pearson K2 omnibus test at P < .0001.
Abbreviations: IQR, interquartile range; OAB, overactive bladder syndrome.
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provide a justification for this. The involvement of a
professional statistician was associated with the choice of
measures of central tendency (mean or median): while
medians were reported only when a statistician was
involved, studies with such involvement in most cases
also reported means. When a statistical evaluation had
apparently been part of the peer review process of a
manuscript, the proportion of publications containing
medians was somewhat higher although the majority of
reports still were limited to means. Based on these post
hoc analyses, it appears that the involvement of a
statistician in the data analysis and/or peer review of
the manuscript made it more likely that medians were
reported but even in those cases means were more
common.

The heterogeneity in reporting of OAB parameters
and the lack of providing data underlying it (except one
of 48 studies) shows that an analysis to determine the
validity of the assumption of a normal distribution is
necessary. For variables that can only provide non‐
negative values, a simple heuristic makes clear that
reporting means and SD is inappropriate: if the mean
minus 1 to 2 SD’s predicts negative values for the 95%
range of the data, the assumption of normality cannot be
correct as the descriptive statistic predicts values that are
impossible (eg, present study 1: urgency: mean 10.7 and
SD 6.6).

4.3 | Clinical data from two NIS

When a given symptom at baseline does not exhibit a
normal distribution, the absolute (after minus before
treatment) or relative (%) difference of symptoms can still
exhibit a normal distribution. Our systematic literature
review revealed only one study that showed a non‐normal
distribution of the treatment responses assessed as differ-
ence8 but did not disclose similar data at baseline. Our
analysis consistently found evidence of a deviation from
normality across two large data sets, four OAB symptoms
and for baseline data and treatment responses. This is in
line with the limited data from other investigators focusing
on treatment responses only.8 Therefore, we conclude that
it cannot necessarily be assumed that OAB diary data and
their improvement upon treatment exhibit a normal
distribution in the general population. It follows, that the
distribution of OAB symptoms has to be checked carefully
before authors can decide which measure of central
tendency (means vs medians) and spread (SD vs IQR) are
reasonable.

A true normal distribution is rare for any parameter in
biomedical research. Therefore, the more relevant ques-
tion is whether the extent of deviation from normality is

large enough to make use of means and parametric null
hypothesis tests assuming such normality misleading. To
explore this, we have compared the means and medians of
baseline values and treatment responses for each para-
meter in each study. According to our data, the difference
between mean and median baseline values was 0.5 and
0.0 for urgency, 1.1 and 0.5 for incontinence, 0.6 and
0.2 frequency, and 0.5 and 0.5 for nocturia. For absolute
treatment effects, that is, the difference between the
number of symptoms, it was 1.1 and 0.5 for urgency,
0.7 and 0.9 for incontinence, 0.8 and 0.8 for frequency, and
0 and −0.3 for nocturia. These differences are clinically
relevant because they are comparable with the difference
in treatment effects between muscarinic antagonists and
placebo in the reduction of incontinence and frequency
episodes, which according to meta‐analyses are < 1 and
< 1.5 per day, respectively.18 They are also comparable
with reported differences between the β3‐adrenoceptor
agonist mirabegron and placebo for a number of incon-
tinence or micturition episodes (0.44 and 0.62, respec-
tively)19 and for comparisons between active treatments.17

Similarly, the minimum noticeable change in inconti-
nence episodes as assessed by patients using a quality of
life tool was reported to be 3 per week,20 that is, about 0.43
episodes/24 hours. The differences between mean and
median in baseline or treatment‐induced change of
incontinence episodes in our two studies exceeded this
threshold for being detectable by patients. Therefore, we
conclude that the unsupported assumption of a normal
distribution of OAB symptoms is not only theoretically
flawed but also leads to an overestimation of symptom
intensity and treatment improvements that are compar-
able with or greater than the placebo‐corrected effect of
muscarinic antagonists and greater than what has been
reported to be noticeable by patients.

A different situation may exist for relative treatment
effects (the difference between the number of symptoms
after and before the therapy, divided by the number of
symptoms before the therapy) expressed in percent.
Although percentage changes also exhibited a deviation
from a normal distribution, the resulting differences
between means and medians typically were smaller and,
if anything, means of percentage changes underestimated
treatment effects. These differences most likely are not
clinically relevant when compared with differences
between active treatment and placebo18,19 or to minimal
differences noticeable by patients.20 Therefore, it appears
justifiable to report percentage changes of OAB symp-
toms as means. Some studies report baseline‐adjusted
absolute improvements of treatment,21,22 which is con-
ceptually the same as percentage improvements of
treatment effects. Therefore, means of baseline‐adjusted
treatment effects may also be an acceptable way of
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reporting efficacy data despite the formal deviation from
the normal distribution. In a more general vein, not
making assumptions on normal distribution in the
absence of robust supporting data is the safer option for
analysis of data.

One may expect that regulatory authorities such as the
European Medicines Agency or the US Food and Drug
Administration with their vast knowledge of treatment
studies would have issued guidance on the use of means
vs medians. However, the available guidance documents
from both agencies related to OAB do not address the use
of means vs medians or parametric vs nonparametric
statistical analysis. However, the European Medicines
Agency has issued general guidance that data should be
checked for normality of distribution of reported
variables and that analysis and presentation of the data
should be based on this.23

5 | CONCLUSIONS

We conclude that most investigators report means of OAB
symptoms and treatment‐induced changes thereof, imply-
ing the assumption that these parameters exhibit a normal
distribution. Our data shows that this assumption and the
reporting of means may be scientifically unjustified and
may potentially result in misinterpretations of study
results on OAB symptoms. The difference between means
and medians for OAB symptoms and symptom differences
is likely to be of clinical relevance. Relative improvements
of OAB symptoms (percentages changes) may be an
exception from this, that is, even if there is no true normal
distribution the consequences for parameter estimates are
minimal. While our data are based on the use of
propiverine, we propose that they may also be applicable
to other treatments including muscarinic receptor antago-
nists as a class, β3‐adrenoceptor agonists, onabotulinum
toxin A or behavioral or other nonpharmaceutical
interventions.
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Abstract: Two doses of propiverine ER (30 and 45 mg/d) are available for the treatment of overactive
bladder (OAB) syndrome. We have explored factors associated with the initial dosing choice (allo-
cation bias), the decision to adapt dosing (escalation bias) and how dosing relative to other factors
affects treatment outcomes. Data from two non-interventional studies of 1335 and 745 OAB patients,
respectively, receiving treatment with propiverine, were analyzed post-hoc. Multivariate analysis
was applied to identify factors associated with dosing decisions and treatment outcomes. Several
parameters were associated with dose choice, escalation to higher dose or treatment outcomes, but
only few exhibited a consistent association across both studies. These were younger age for initial
dose choice and basal number of urgency and change in incontinence episodes for up-titration.
Treatment outcome (difference between values at 12 weeks vs. baseline) for each OAB system was
strongly driven by the respective baseline value, whereas no other parameter exhibited a consistent
association. Patients starting on the 30 mg dose and escalating to 45 mg after 4 weeks had outcomes
comparable with those staying on a starting dose of 30 or 45 mg. We conclude that dose escalation
after 4 weeks brings OAB patients with an initially limited improvement to a level seen in initially
good responders. Analysis of underlying factors yielded surprisingly little consistent insight.

Keywords: propiverine; dose-titration; overactive bladder syndrome; allocation bias; escalation bias

1. Introduction

Muscarinic receptor antagonists (antimuscarinics) are the mainstay of treatment of
the overactive bladder (OAB) syndrome [1,2]. Several of the clinically available members
of this drug class are available in multiple dose strengths, for instance darifenacin [3],
fesoterodine [4], propiverine [5] and solifenacin [6]. This allows increasing the dose in
patients with an insufficient improvement of symptoms and decreasing it in those with
bothersome adverse drug reactions (ADRs). While it appears intuitive to assume that
a greater dose will have greater effects, clinical experience demonstrates that this is not
necessarily the case. This is expected because the law of mass action postulates that a
greater dose of antagonist/inhibitor will have a greater effect only until a ceiling limit
is reached due to maximum occupancy of the molecular target of the drug; for instance,
dose escalation of the antidepressant paroxetine has been shown not to improve symptoms
because the standard dose already occupies most of the serotonin transporters [7]. On the
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other hand, the optimal position within the dose–response curve of a given drug, i.e., where
an optimal ratio between efficacy and tolerability is achieved, can differ between patients [8].
Prediction of the optimal dose for a given patient is difficult because factors, such as age
and comorbidity [9], genotype [10] or, for antimuscarinics, concomitant medication also
acting on muscarinic receptors [11], may pharmacodynamically affect the drug response.
Moreover, depending on the specific metabolic pathways responsible for the elimination
of a given antimuscarinics, pharmacokinetic factors, including age, renal function and
genotype of drug-metabolizing enzymes, may also play a role [12].

The prescribing information of most antimuscarinics for the treatment of OAB defines
a recommended starting dose with the option to increase the dose if tolerability is acceptable
and greater efficacy is needed. Accordingly, the effect of dose escalation has been studied for
several antimuscarinics including fesoterodine [13–17] and solifenacin [18,19]. A variation
of this theme has been to study the effects of escalating from a low dose of one drug to
the standard dose of another one within the same drug class [20] or to model the effects of
dose escalation based on findings from previous trials [21]. These studies demonstrate that
the decision to increase the dose was often but not always associated with the extent of
improvement of OAB symptoms during the initial treatment period; however, which OAB
symptoms were primarily associated with that decision differed considerably between
studies. Some reports also proposed that baseline symptom severity, body weight and
gender (based social/cultural roles and personal identity) may be associated with the
decision for dose escalation [15], but this was not found consistently. Interestingly, the
degree of symptom improvement in the initial treatment period has also been found to
be associated with the decision to increase dosage within the placebo arm of controlled
dose-escalation studies [22].

Propiverine is an antimuscarinic for the treatment of the OAB syndrome that differs
from other members of this drug class because the compound and some of its metabolites
additionally have inhibitory effects on L-type Ca2+-channels [23,24], which play a role in
the control of bladder smooth muscle tone [25]. Moreover, propiverine extended release
(ER) has two approved starting doses of 30 and 45 mg once daily, i.e., the higher dose is
not only available as part of dose escalation. As most other antimuscarinics have only
one approved starting dose, it has not been reported, to our knowledge, which factors are
associated with the initial dosing decision. Moreover, it is possible that factors associated
with the initial dosing decision also impact the decision to increase the dose and, thereby,
the overall treatment outcome. Against this background, we report two non-interventional
studies (NISs) of similar design in which patients with OAB syndrome were treated with
either dose of propiverine for a planned observation period of approximately12 weeks
and the possibility for dose-adjustment after about 4 weeks. While reporting on the
primary outcomes of both studies, we have also applied multivariate analysis (general
linear models) in a post-hoc approach to explore three questions:

Which factors are associated with initial dosing decision (allocation bias)?
Which factors are associated with a decision for dose escalation after 4 weeks of

treatment (escalation bias)?
How much of differential efficacy of the two dose strengths can be attributed to greater

dose and how much to other factors associated with dosing choice?

2. Materials and Methods

Two NISs with a similar design were performed. Study I was primarily designed to
explore the effects of different starting doses and dose adjustment after 4 weeks with a
treatment duration of 12 weeks, i.e., specifically designed for the purpose of the present
analyses. Study II was designed to explore the effect of additional material (information
sheet about OAB and mode of action of the drug) on efficacy and tolerability and on
premature discontinuation during a treatment period of 12 weeks and allowed extension
of observation for up to 24 weeks in a subgroup. Otherwise, its design was very similar to
that of study I. Therefore, we have used both studies to address our research questions. Our
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exploratory approach considers study I as hypothesis-generating and study II as exploring
the robustness of the findings from study I but not as formally hypothesis-testing. To
keep the manuscript readable, data related to the primary aim of study II and some other
outcomes are shown in the Supplementary Materials. We have previously used parts
of both datasets to explore the presence or absence of a normal distribution of the OAB
parameters urgency, incontinence, frequency and nocturia and of treatment-associated
alterations thereof [26]. We now report the primary analysis of efficacy and tolerability of
the full dataset of both studies. Both studies were based on §67, 3 of the German Drug Act
and had been approved by the ethical committee of the state board of physicians in Saxony,
Germany (Sächsische Landesärztekammer EK-BR-14/12-1 and EK-BR-18/14-1).

Based on their non-interventional character, both studies lacked formal inclusion or
exclusion criteria other than the Summary of Product Characteristics. Rather, 456 and
158 participating physicians in studies I and II, respectively, were asked to systematically
document their observations in patients who were to be treated with propiverine ER
(30 or 45 mg once daily) based on the physician’s medical judgment. Three visits were
planned during the observation period, visit 1—one at baseline (initiation of propiverine
prescription and selection of starting dose), visit 2—after about 4 weeks (possibility of dose
adaptation) and visit 3—after about 12 weeks (study end); study II allowed us to extend
the observational period to 24 weeks. The first visit of the first patient was recorded on
1.7.2010 and the last visit of the last patient was on 23.1.2013 in study I and on 14.1.2014
and 15.7.2015 in study II.

During each visit, parameters related to OAB and decisions on subsequent dosing were
recorded. Demographics, comorbidities and comedications were additionally recorded
at baseline. Global tolerability (rated as very good, good, sufficient or insufficient) was
assessed by the patient and the physician at visits 2 and 3. Data on ADR were collected
throughout the entire study. Post-void residuals (PVRs) were considered as additional
safety parameter if available (recording not mandatory to maintain the non-interventional
character of the studies). The safety and tolerability analysis included all patients who had
taken at least one drug dose and had at least one physician contact thereafter. The efficacy
analyses included all patients who had OAB-related data at baseline and at least one time
point thereafter.

In line with the non-interventional character of the study, the protocol did not specify
whether OAB-related data were collected from voiding diaries or from patient recollection,
but the applicable German guideline at the time the studies were performed recommended
recording of voiding diaries [27]. Categorical data (e.g., gender or dose) are shown as %
of the respective population. Continuous data are expressed as means ± SD (age, height,
weight, body mass index (BMI)) or as median with inter-quartile range (IQR (reported as
lower and upper quartile separated by a “;”); OAB duration and daily episodes of urgency,
incontinence, voids and nocturia), depending on whether variability was considered to
exhibit a normal distribution [26]. Despite deviating from a normal distribution, OAB
parameters are also shown as means ± SD to facilitate comparison with previously reported
studies. Patients with medically implausible values (urgency > 50, incontinence > 30,
frequency > 40, and nocturia > 20 episodes/24 h) were excluded from the analysis for that
symptom and visit; this affected four patients each for urgency and frequency, one each for
incontinence and nocturia in study I and none in study II.

Data handling and statistical analyses were performed by Bioconsult GmbH (Ricken-
bach, Switzerland), a contract research organization, based on a statistical analysis plan
developed by the authors and using SAS version 9.4 (SAS Institute, Cary, NC, USA). The
demographic data and OAB parameters at baseline and subsequent visits for the efficacy
population are shown descriptively. Univariate analyses compared (a) demographics and
baseline data in patients starting at the 30 mg and 45 mg dose at visit 1, (b) such data plus
initial OAB symptom changes at visit 2 in patients starting at 30 mg and either staying on
that dose or increasing it to 45 mg, and (c) treatment outcomes at visit 3 for patients who
started and stayed on 30 mg, who started on 30 mg and increased to 45 mg and who started
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on 45 mg and stayed on that dose. These data were analyzed for descriptive p-values using
the Kruskal–Wallis test.

Multivariate analyses (general linear models) were applied to identify factors associ-
ated with initial dosing decisions and dose escalation decision as well as the relative roles of
dose and other factors in treatment outcomes. Variables were incorporated into the model
if p < 0.03 and removed if p > 0.35 in the next step; the procedures were stopped when
only variables with p < 0.35 were retained in the model. The model for the initial dosing
choice included gender, age, body weight, height, BMI, duration of OAB and baseline
values for urgency, incontinence, frequency and nocturia as potential explanatory variables.
Precision of parameter estimates in the general linear models is indicated by their standard
error (SE). Treatment-associated changes of a symptom were determined only for patients
exhibiting that symptom at baseline, e.g., for incontinence episodes only in those having ≥
1 incontinence episode; however, not exhibiting one symptom at baseline did not preclude
analyses of other symptoms of the same patient. The model for factors associated with
dose escalation included the same variables and additionally the OAB parameters after 4
weeks at visit 2. The model for treatment outcomes also included the same variables and
additionally the dose after visits 1 and 2.

Based on the exploratory character of the study and in line with recent recommenda-
tions [28], no hypothesis-testing statistical analysis was applied. Therefore, all reported
p-values should be interpreted as descriptive only. Rather, we have considered study I in
line with its primary aim as hypothesis-generating and study II to check for robustness
of our findings. Overall reporting follows the STROBE guidelines for cohort studies (
https://strobe-statement.org).

3. Results
3.1. Patient Flow and Baseline Data

A total of 1335 and 745 patients participated in studies I and II, respectively. De-
mographics of both studies, baseline symptoms, documented prior interventions with
implications for lower urinary tract function, comorbidities and comedications, as well as
overall patient flow, are shown in the Supplementary Materials.

3.2. Descriptive Analysis of Treatment Outcomes

While no specific instructions on time of administration were given, most patients
in study I (919/1120; 82.1%) reported taking propiverine in the morning. After 4 weeks
of treatment, clinically meaningful improvements (median with IQR and mean ± SD in
parentheses) were observed in the overall efficacy population with a reduction in urgency
episodes by 4 (2; 7; 5.1 ± 4.6), in incontinence episodes by 2 (1; 4; 2.8 ± 3.1), in micturitions
by 4 (2; 6; 4.2 ± 3.3), and in nocturia episodes by 1 (1; 2; 1.5 ± 1.3). Between weeks 4 and 12,
the overall cohort of patients reported additional improvements in urgency episodes by 1
(0; 3; 1.8 ± 2.6), in incontinence episodes by 1 (0; 1; 0.9 ± 1.6), in frequency by 1 (0; 2; 1.4 ±
1.9), and in nocturnal voids by 0 (0; 1; 0.5 ± 0.9). Thus, overall improvements from baseline
to week 12 were improvements of urgency episodes by 6 (3; 10; 6.9 ± 5.2), in incontinence
episodes by 3 (1; 5; 3.7 ± 3.3), in frequency by 5 (3; 8; 5.7 ± 3.7), and in nocturnal voids by 2
(1; 3; 2.0 ± 1.4). Treatment effects in the various groups are summarized in Figure 1 based
on medians and IQR and in the Supplementary Materials for means ± SD. Corresponding
data for study II were comparable and are shown in the Supplementary Materials.
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starting on 30 mg and staying on that dose (30/30), starting on 30 mg and escalating to 45 mg at 
visit 2 after about 4 weeks (30/45) and starting and staying on 45 mg until study end after about 12 
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from the analysis of that symptom; specifically, 364 subjects reported no incontinence at baseline. 
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which was most notable for number of incontinence episodes and micturitions with me-
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rable and are shown in the Supplementary file. 

Figure 1. Intra-individual change of overactive bladder (OAB) symptoms in the cohorts of patients
starting on 30 mg and staying on that dose (30/30), starting on 30 mg and escalating to 45 mg at visit
2 after about 4 weeks (30/45) and starting and staying on 45 mg until study end after about 12 weeks
(45/45) in study I. Data are shown as medians with IQR. Means ± SD are shown for comparison
in Supplementary Materials. Patients not exhibiting a given symptom at baseline were excluded
from the analysis of that symptom; specifically, 364 subjects reported no incontinence at baseline.
Corresponding data for study II are shown in the Supplementary Materials.

3.3. Factors Associated with Dosing Decision at Visit 1

Demographic and OAB-related baseline data of patients initially receiving 30 or
45 mg propiverine are summarized in Table 1 for study I. The two groups had a very
similar gender distribution, mean age and height, but those starting on 45 mg had slightly
greater mean body weight (+2.9 kg). The 45 mg group also had greater baseline symptom
severity, which was most notable for number of incontinence episodes and micturitions
with medians being 1–2 episodes greater than in the 30 mg group. Data for study II were
comparable and are shown in the Supplementary Materials.

After exclusion of subjects due to missing values for the response or explanatory
variables, the logistic regression analysis included 606 and 147 patients from study I,
starting at the 30 and 45 mg dose, respectively, and 294 and 132 subjects from study II. A
younger age was the only variable associated with a higher starting dose in both studies
with a p < 0.05. Additionally, both a greater basal number of incontinence and nocturia
episodes were associated with a higher starting dose in study I and a longer duration of
OAB and greater number of micturitions in study II (Table 2).

3.4. Factors Associated with Dosing Increase at Visit 2

The dose of propiverine was adjusted in some patients continuing treatment at visit 2
(patient disposition figures for studies I and II are shown in the Supplementary Materials).
In study I, 84% of patients having started with a dose of 30 mg remained on that dose
(30/30 group), whereas 16% were switched to the 45-mg dose (30/45 group). In addition,
88% of patients having started with a dose of 45 mg remained on that dose (45/45 group),
and 12% reduced it to 30 mg; the latter group was not considered further as it was deemed
too small to allow meaningful analysis. Corresponding data for study II are shown in the
Supplementary Materials.
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Table 1. Demographic and OAB-related baseline variables in patients starting treatment with a propiverine dose of 30 or
45 mg/d.

Initial 30 mg Initial 45 mg p-Value

n 1021 239

Demographic parameters

Gender, % female/male 64.3/32.6 64.3/32.9

Previous OAB treatment, % 33.7 45.0

Age, years 65.8 ± 13.1 65.4 ± 12.5 0.3820

Height, cm 169.0 ± 7.9 169.9 ± 8.3 0.1543

Weight, kg 77.4 ± 14.2 80.3 ± 17.0 0.0184

BMI, kg/m2 27.1 ± 4.3 27.9 ± 5.5 0.1187

OAB-related parameters

OAB duration, months 12.1 (3.9; 34.6) 13.2 (4.7; 35.1) 0.3343

Urgency episodes/24 h 9 (6; 13)
10.0 ± 5.8

10 (7; 14)
10.8 ± 5.8 0.0251

Incontinence episodes/24 h 6 (4; 23)
4.7 ± 3.7

8 (5; 30)
6.2 ± 4.4 <0.0001

Urinary frequency/24 h 13 (11; 16)
13.3 ± 4.2

14 (11; 17)
14.3 ± 4.4 0.0004

Nocturia episodes/24 h 3 (2; 4)
3.4 ± 1.6

3 (3; 5)
3.7 ± 1.7 0.0008

Data are shown as % of patients for gender (does not add up to 100 due to missing values), as means ± SD for continuous demographic
parameters, and medians with inter-quartile range (IQR) of OAB-related parameters (means ± SD only shown to facilitate comparison
with previous reports). Descriptive p-values for the difference between groups are from univariate analysis using unpaired, two-tailed
Kruskal–Wallis tests. The analysis of the OAB symptoms included only patients that had a documented dose and a measured value at
baseline other than 0.

Table 2. Factors associated with starting dose (30 vs. 45 mg) in a logistic regression analysis of studies I and II. Data are the
reported parameter for maximum likelihood estimate with its standard error (SE) and descriptive p-value based on Chi
square tests. Parameters with a p > 0.3 were not retained in the model and are not shown.

Parameter Estimate ± SE p-Value Estimate ± SE p-Value

Study I Study II

Gender, female −0.225 ± 0.140 0.1081 - -

Age, years 0.017 ± 0.008 0.0335 0.027 ± 0.010 0.0067

Weight, kg 0.083 ± 0.070 0.2338 −0.132 ± 0.093 0.1556

Height, cm −0.120 ± 0.069 0.0820 0.010 ± 0.090 0.2706

BMI, kg/m2 −0.261 ± 0.198 0.1875 0.347 ± 0.271 0.2013

OAB duration, months - - −0.011 ± 0.002 <0.0001

Urgency/24 h - - 0.032 ± 0.023 0.1606

Incontinence/24 h −0.107 ± 0.024 <0.0001 - -

Micturitions/24 h - - −0.238 ± 0.071 0.0008

Nocturia/24 h −0.126 ± 0.060 0.0348 - -

Table 3 shows demographic and OAB-related data at baseline and after 4 weeks
of treatment in the 30/30 and the 30/45 group of study I. Patients with dose escalation
were slightly taller (2.3 cm) and heavier (4.2 kg). Prior to the start of treatment, they had
more daily urgency, incontinence, micturition and nocturia episodes. These differences
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were maintained after 4 weeks of treatment and became even greater except for nocturia.
Corresponding data for study II are shown in the Supplementary Materials.

Table 3. Demographic and OAB-related baseline variables and after 4 weeks in patients starting treatment with a propiverine
dose of 30 mg/d and either staying on that dose after 4 weeks or increasing it 45 mg/d.

Stay on 30 mg Increase to 45 mg p-Value

n 789 160

Demographic parameters

Gender, % female/male 66.2/33.8 60.0/40.0

Previous OAB treatment, % 31.1 50.6

Age, years 65.6 ±13.1 67.0 ± 13.0 0.2313

Height, cm 169.0 ± 7.7 171.3 ± 7.9 0.0010

Weight, kg 77.0 ± 13.9 81.2 ± 14.4 <0.0001

BMI, kg/m2 27.0 ± 4.2 27.6 ± 4.6 0.1403

OAB-related parameters at baseline

OAB duration, months 11.2 (3.6; 31.3) 13.6 (5.0; 51.9)

Urgency episodes/24 h 9 (5; 13)
9.6 ± 5.6

11 (6.5; 15)
11.7 ± 6.6 <0.0001

Incontinence episodes/24 h 4 (2; 6)
4.6 ± 3.4

4 (2; 7)
5.4 ± 4.7 <0.0001

Urinary frequency/24 h 13 (10; 15)
13.1 ± 4.1

14 (12; 16)
14.3 ± 4.1 <0.0001

Nocturia/24 h 3 (2; 4)
3.3 ± 1.5

4 (3; 4.5)
3.7 ± 1.6 <0.0001

OAB-related parameters after 4 weeks

Urgency episodes/24 h 3 (2; 6)
4.4 ± 3.6

7 (4; 11)
8.0± 5.4 <0.0001

Incontinence episodes/24 h 1 (0; 2)
1.8 ± 2.1

2 (1; 5)
3.6 ± 3.6 <0.0001

Urinary frequency/24 h 8 (7; 10)
8.8 ± 2.8

11 (9; 13)
11.2 ± 3.4 <0.0001

Nocturia/24 h 2 (1; 2)
1.8 ± 1.1

2 (2; 3)
2.7 ± 1.2 <0.0001

Data are shown as % of patients for gender, as means ± SD for continuous demographic parameters, and medians with IQR of OAB-related
parameters (means ± SD only shown to facilitate comparison with previous reports). Descriptive p-values for the difference between
groups are from univariate analysis using unpaired, two-tailed Kruskal–Wallis tests. The analysis of the OAB symptoms included only
patients that had a documented dose and a measured value at baseline other than 0.

After exclusion of subjects due to missing values for the response or explanatory
variables, the logistic regression analysis included 834 and 161 patients from study I
staying at the 30 mg dose or increasing to 45 mg, respectively, and 435 and 59 subjects
from study II. A greater number of urgency episodes at baseline and a greater number of
incontinence episodes after 4 weeks of treatment were associated with dose escalation in
both studies with a p < 0.05; however, greater height was associated only in study I and
greater number of nocturia episodes were only associated in study II (Table 4).
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Table 4. Factors associated with staying at the starting dose of 30 mg vs. increasing to a dose of 45 mg in a logistic regression
analysis taking both OAB parameters at baseline and after 4 weeks into consideration.

Parameter Estimate ± SE p-value Estimate ± SE p-Value

Study I Study II

Age, years - - 1.420 ± 1.387 0.3059

Weight, kg −0.017 ± 0.009 0.0611 −0.17 ± 0.012 0.1444

Height, cm −0.036 ± 0.018 0.0413 - -

Urgency/24 h baseline −0.100 ± 0.036 0.0049 -0.192 ± 0.054 0.0004

Incontinence/24 h
baseline −0.087 ± 0.053 0.0998 0.108 ± 0.078 0.1659

Micturitions/24 h
baseline −0.069 ± 0.056 0.2185 - -

Nocturia/24 h baseline −0.160 ± 0.119 0.1776 −0.311 ± 0.155 0.0450

Urgency/24 h 4 weeks −0.067 ± 0.037 0.0669 - -

Incontinence/24 h 4
weeks −0.126 ± 0.058 0.0300 −0.201 ±00.084 0.0165

Micturitions/24 4
weeks - - - -

Nocturia/24 h 4 weeks - - −0.549 ± 0.227 0.0153

Data are reported parameter estimate for maximum likelihood estimate with its standard error (SE) and descriptive p-value based on Chi
square tests. Parameters with a p > 0.3 were not retained in the model and are not shown.

3.5. Factors Associated with Treatment Outcomes

As it cannot necessarily be assumed that factors associated with improvement of one
symptom are the same as for other symptoms, we have explored factors associated with
improvement (greater improvement = small symptom episode frequency) separately for
each OAB parameter with the delta between value after 12 weeks of treatment as dependent
and respective basal value as independent variable. These logistic regression analyses
considered the 30/30, 30/45 and 45/45 groups. Demographics and baseline values for the
30/30 and 30/45 groups in study I are shown in Table 3 and those for the 45/45 group
in Table 1. Values of OAB parameters after 4 weeks of treatment are shown in Table 3 for
the 30/30 and the 30/45 group; for the 45/45 group, they were 5 (5.1 ± 3.9) for urgency,
2 (2.6 ± 3.1) for incontinence, 9 (9.5 ± 3.3) for frequency and 2 (2.1 ± 1.2) for nocturia
(corresponding data for study II are shown in the Supplementary Materials).

After exclusion of subjects due to missing values for the response or explanatory
variables, the logistic regression analysis included 699 patients from study I and 396 from
study II. The only variable consistently associated with treatment outcome for any OAB
symptom was the baseline value of the same symptom, i.e., baseline urgency for overall
improvement of urgency (Table 5) and baseline incontinence for overall improvement of
incontinence (Table 6); logistic regression results for frequency and nocturia are shown
in the Supplementary Materials. Compared to the 45/45 group, being in the 30/30 or
30/45 group was associated with smaller treatment-associated improvements for urgency
and incontinence in study I, but not in study II (Tables 5 and 6 and Supplementary Ma-
terials); dosing regimen had no statistically significant effects on treatment-associated
improvements of frequency and nocturia in either study (Supplementary Materials).
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Table 5. Factors associated with overall improvement of urgency (12 weeks vs. baseline) in a logistic regression analysis
taking demographics, OAB parameters at baseline, duration of condition and dose level into consideration.

Parameter Estimate ± SE p-Value Estimate ± SE p-Value

Study I Study II

Gender, female 0.026 ± 0.009 0.0056 0.011 ± 0.414 0.3954

Age, years 0.026 ± 0.009 0.0056 0.011 ± 0.012 0.3739

Weight, kg −0.123 ± 0.081 0.1592 0.019 ± 0.112 0.8628

Height, cm 0.114 ± 0.081 0.1592 −0.028 ± 0.109 0.7973

BMI, kg/m2 0.340 ± 0.235 0.1475 −0.039 ± 0.327 0.9049

OAB duration, months 0.012 ± 0.002 <0.0001 0.005 ± 0.003 0.0677

Urgency/24 h −0.714 ± 0.025 <0.0001 −0.842 ± 0.034 <0.0001

Incontinence/24 h −0.003 ± 0.035 0.9282 0.210 ± 0.043 <0.0001

Micturitions/24 h −0.008 ± 0.037 0.8364 0.029 ± 0.054 0.5928

Nocturia/24 h −0.043 ± 0.008 0.6264 −0.087 ± 0.115 0.4483

Dose 30/30 * 0.109 ± 0.297 0.7138 −0.428 ± 0.328 0.1917

Dose 30/45 * 0.998 ± 0.373 0.0076 0.343± 0.490 0.4483

p-values for gender relate to male and those for dose level relate to the 45/45 group as reference; *: term not uniquely estimable.

Table 6. Factors associated with overall improvement of incontinence (12 weeks vs. baseline) in a logistic regression analysis
taking demographics, OAB parameters at baseline, duration of condition and dose level into consideration.

Parameter Estimate ± SE p-Value Estimate ± SE p-Value

Study I Study II

Gender, female −0.012 ± 0.178 0.2662 −0.331 ± 0.261 0.2060

Age, years 0.012 ± 0.005 0.0182 0.003 ± 0.008 0.7324

Weight, kg −0.048 ± 0.046 0.3025 −0.051 ± 0.071 0.4701

Height, cm 0.042 ± 0.046 0.3741 0.043 ± 0.069 0.5347

BMI, kg/m2 0.130 ± 0.132 0.3257 0.156 ± 0.206 0.4498

OAB duration, months 0.008 ± 0.001 <0.0001 0.003 ± 0.002 0.1493

Urgency/24 h −0.008 ± 0.014 0.5685 −0.056 ± 0.021 0.0086

Incontinence/24 h −0.765 ± 0.020 <0.0001 −0.657 ± 0.028 <0.0001

Micturitions/24 h −0.018 ± 0.021 0.3851 0.011 ± 0.035 0.7559

Nocturia/24 h −0.032 ± 0.050 0.3851 0.022 ± 0.072 0.7655

Dose 30/30 * −0.103 ± 0.168 0.5384 −0.247 ± 0.208 0.2359

Dose 30/45 * 0.487 ± 0.211 0.0211 −0.128 ± 0.306 0.6758

p-values for gender relate to male and those for dose level relate to the 45/45 group as reference; *: term not uniquely estimable.

3.6. Safety and Tolerability

Safety and tolerability were assessed in three ways: Firstly, PVR was unchanged
(study I: 10 (10; 30) ml at baseline and after 12 weeks of treatment; study II: 20 (0; 38) ml at
baseline and 20 (0; 39.5) ml after 12 weeks of treatment). Urinary retention was reported
for no patient in study I and one patient in study II.

Second, 324 patients (24.3%) in study I reported a total of 461 ADR with dry mouth
(19.6%) and constipation (6.0%) mentioned most frequently. The incidence of ADR was
comparable between dose regimens. A total of 145 patients (10.9%) discontinued treatment
during or after the treatment period in study I (48 due to ADR, 38 insufficient efficacy,
33 based on patient wish, 14 because of being symptom-free, 8 due to other and 3 due
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to unknown reasons). This included 71 patients up to visit 2 with similar incidence with
a starting dose of 30 and 45 mg (57/1069, 5.3% vs. 13/249, 5.2%). It also included 74
patients up to visit 3 (41/875, 4.7% received the 30 mg dose and 33/371, 8.9% the 45
mg dose). Reasons for discontinuation were ADR (n = 48), insufficient efficacy (n = 38),
patient wish (n = 33), having become symptom free (n = 14), and other reasons (n = 12);
no information on the reason for discontinuation was recorded for three patients. Patients
with discontinuation of treatment after the planned observation period of 12 weeks were
included in the calculations of treatment effects.

In study II, 163 patients (21.9%) reported 231 ADR with dry mouth (16.1%) and
constipation (5.5%) mentioned most frequently and mostly being rated as mild. The
capture of treatment discontinuation at visit 3 was not comparable with study I, because of
the voluntary extension after 12 weeks. At visit 3, treatment discontinuation was observed
in a total of 83/745 patients (11.1%), 5.2% due to ADRs, 1.9% insufficient efficacy, 0.9%
based on patient’s own decision, 0.8% because of being symptom-free and 0.8% due to
other reasons. The incidence at visit 3 regarding the starting dose was similar (30 mg:
62/531, 11.7% vs. 18/200, 9.0%).

Third, global tolerability was rated by the patient at study end as very good, good,
sufficient or insufficient in 41.3%, 47.2%, 10.3% and 1.3% for propiverine 30 mg and in
38.6%, 49.6%, 9.6% and 2.2% for propiverine 45 mg in study I. In study II, the rating for
propiverine 30 mg was 43.0%, 45.7%, 7.6% and 3.7% for very good, good, sufficient or
insufficient and correspondingly for propiverine 45 mg 36.3%, 54.0%, 6.8% and 3.0% at
study end.

4. Discussion

The present analyses attempted to address three questions:
Which factors are associated with initial dosing decision (allocation bias)?
Which factors are associated with a decision for dose escalation after 4 weeks of

treatment (escalation bias)?
How much of differential efficacy of the two dose-strengths can be attributed to greater

dose and how much to factors associated with the dosing decision?
While the second question had previously been addressed in several studies with

other muscarinic antagonists, the first and third question, to the best of our knowledge, are
addressed here for the first time, most likely because antimuscarinics other than propiverine
do not allow a choice of starting doses according to their respective prescribing information.

4.1. Critique of Methods

NISs differ from randomized, controlled trials (RCTs) in several ways. As NISs
typically lack a placebo or other comparator group, they do not allow direct conclusions
on the efficacy or tolerability of a drug; however, they describe what realistically can be
expected to occur in routine clinical practice. For instance, the treatment of lower urinary
tract symptoms (LUTSs) is known to exhibit a strong placebo effect [29]. Accordingly,
antimuscarinics as a class have little effect on nocturia relative to placebo in RCT [30], but
improvements of nocturia upon treatment with antimuscarinics in OAB patients [31,32] or
α1-adrenoceptor antagonists in male LUTS patients [33,34] have consistently been reported
from NISs, as also observed in the present study. On the other hand, NISs lack the strict
inclusion and exclusion criteria typical for RCTs, which leads to a less artificial study
population. Thus, RCTs have a greater internal, whereas NISs can have a greater external
validity.

In line with their non-interventional character, NISs have fewer rules on how data are
to be captured than RCTs. While the applicable German guideline at the time the studies
were performed recommended assessing OAB symptoms based on voiding diaries [27],
we have no data regarding whether this has been implemented consistently.

Our analyses are based on two NISs that had a very similar design. There were three
differences: Study II formally had a distinct primary aim (effect on information material),
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had an option to extend the observation to 24 weeks, and was performed later in time
(2014–2015 as compared to 2010–2013). With regard to the latter, it is important to note
that no major changes had occurred between the two time frames in the overall German
healthcare system, or in general, regarding recommendations related to the treatment of
OAB syndrome. Thus, we did not identify major differences in treatment approaches
or overall treatment outcomes and had expected to obtain very similar findings in both
studies. Nonetheless, we decided not to pool the data but rather to analyze them in parallel.
The main reason was that this would enable us to see whether analytical outcomes would
be consistent in two distinct samples of the OAB syndrome population.

Our previous systematic review of the literature has demonstrated that the majority
of studies are reporting means ± SD of OAB symptoms; while this implies the assumption
of a normal distribution of these parameters, almost all studies failed to provide evidence
in this regard [26]. On the other hand, our own analyses of the databases underlying
the present manuscript found that distribution of OAB symptoms clearly deviates from
normality and that means and medians differ systematically [26]. Therefore, we primarily
report medians and IQR for OAB symptoms and have applied non-parametric statistical
tests (which do not assume a normal distribution); however, to facilitate comparison with
published data from other studies, we also report means ± SD.

The prevalence of reported comorbidities and comedications in the two studies re-
ported here is higher than in previously reported NISs in OAB syndrome from Germany
with propiverine [35] or other antimuscarinics such as darifenacin [32], fesoterodine [36],
solifenacin [37] or tolterodine [31]. Whether this reflects a more careful documentation by
physicians participating in the present study or a shift in patient populations over time
cannot be determined with certainty based on the present data. However, overall improve-
ments in symptoms were comparable in the present and previous NIS with muscarinic
antagonists in OAB patients, confirming the conclusion from the previous meta-analysis of
the RCT with these drugs [2]; comparable improvements have also been reported from a
NIS with propiverine in male LUTS [35]. All of these aspects should be kept in mind in the
interpretation of the present data.

4.2. Factors Associated with Initial Dosing

Propiverine ER differs from other muscarinic antagonists in having two approved
starting doses. This allowed us to explore factors associated with starting dose selection by
participating physicians, a question not addressed in any previous study. While subjects
starting with the 45 mg dose had a slightly greater body weight and symptom severity,
our logistic regression analyses identified age as the only variable consistently associated
with the choice of starting dose. Thus, younger patients were more likely to start at the
45 mg. This may reflect the idea that young subjects may be less vulnerable to ADR
of antimuscarinics [38]. On the other hand, factors such as duration of OAB syndrome,
number of incontinence, voiding and nocturia episodes were associated with starting dose
in one, but not the other, of the two studies. Moreover, all associations of these explanatory
variables with the starting dose were of moderate strength only. This highlights the
importance of testing for consistency of findings across multiple databases.

4.3. Factors Associated with Dose Escalation

Several previous studies have explored factors associated with a decision for dose
escalation during treatment. This included both RCTs [15,17,18] and non-randomized
studies [13,14,19]. In the present analyses, the number of urgency episodes at baseline and
the change in incontinence episodes after 4 weeks of treatment were the only parameters
consistently associated with the decision to increase the dose from 30 to 45 mg. In contrast,
height, basal number of nocturia episodes and change thereof were associated with dose
escalation in one, but not the other, study. Greater baseline symptoms, although not
necessarily nocturia as in the present studies, had also been reported to be associated with a
decision for dose escalation in some previous studies with other antimuscarinics [13,17,18],
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but this was not confirmed in others [15]. Similarly, smaller OAB symptom improvements
in the initial treatment period were associated with a decision to increase the dose in some
studies [13,14,18] but not in others [15,17]. Adding to this heterogeneity in findings, dose
escalation was associated with greater baseline values and/or smaller initial improvements
sometimes for all OAB symptoms, but sometimes such as also observed in the present study
for only selected OAB symptoms. Interestingly, a smaller initial treatment response was
also reported to be associated with sham dose escalation within the placebo arm of RCT [22].
An inconsistency of reported associations with dose escalation also applies to factors other
than OAB symptoms, including age ([14] and present studies), BMI ([14,15] and present
studies), OAB duration ([17] and present studies), the presence of incontinence [13,19],
symptom scores [13,15], and previous use of antimuscarinics [17]. Based on the overall
evidence, we conclude that both greater baseline OAB severity and smaller improvements
upon initial treatment tend to be associated with a decision for dose escalation. However,
each of these associations appears to be too weak to be robustly detected across studies;
this applies even more so if individual OAB symptoms are considered.

4.4. Factors Associated with Treatment Outcomes

While an understanding of allocation and escalation bias is interesting mechanisti-
cally, the clinically more relevant question is which factors are associated with treatment
outcomes at study end. In the present studies, reductions in OAB symptoms were of
comparable extent in the 30/30, 30/45 and 45/45 mg cohorts; if anything, the 45/45 cohort
tended to have slightly greater and the 30/45 cohort slightly smaller efficacy as compared
to the 30/30 group. For a more quantitative analysis, we have specifically looked at im-
provements of each of the four OAB parameters in separate logistic regression analyses.
As previously reported from the NIS with other antimuscarinics [32], the strongest and
most consistent contributor to improvement of a given symptom was the baseline value
of that symptom. This reflects that the four symptoms are only moderately correlated to
each other [31,39] and that a high baseline value for a given symptoms allows for a large
reduction upon treatment. However, compared to the 45/45 group, starting and staying at
30 mg or escalating from 30 to 45 mg tended to have only minor and inconsistent effects
achieving a p-value < 0.05 only for the 30/45 group for urgency and incontinence in study
I but not for the other two outcome parameters within that study or for any outcome
parameter in study II. While other studies have not applied such complex models to overall
treatment outcomes, to the best of our knowledge, they have reported that patients with
and without dose escalation achieved similar improvements of OAB symptoms at study
end [13,14,18], although some reported slightly smaller improvements in escalators than in
non-escalators [15].

5. Conclusions

Our analyses identified younger age as the only factor consistently associated with
a greater starting dose, but the relative impact of age was small. Several drugs allow
for a dose escalation if greater efficacy is desired and tolerability is adequate. While the
overall evidence points to both greater baseline symptom intensity and smaller initial
improvement, either effect is apparently too small to be detected consistently across studies,
particularly when individual OAB parameters are considered. Most important, from a
clinical perspective, is the observation in the present and in most previous studies that dose
escalation in patients with an insufficient initial efficacy results in a symptom improvement
comparable to that observed in patients exhibiting a greater initial improvement and
staying on the lower dose or in those starting and staying on the higher dose. These
data support the concept that dose escalation helps to achieve meaningful symptom
improvements in patients where tolerability of the lower dose allows for a dose increase. In
this regard, both dose strengths of propiverine had similar tolerability and discontinuations
after the initial treatment period were similar with the starting doses of 30 and 45 mg.
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Supplementary Materials: The following are available online at https://www.mdpi.com/2077-0
383/10/2/311/s1, Supplementary file containing additional data related to both studies, data for
study II where analogous data for study I are presented in main manuscript and data related to
the primary aim of study II (exploration of role of additional material), Table S1: Demographic and
OAB-related baseline variables in studies I and II; Table S2: Demographic and OAB-related baseline
variables in patients starting treatment with a propiverine dose of 30 or 45 mg/d in study II; Table S3:
Demographic and OAB-related variables at baseline and after 4 weeks in patients starting treatment
with a propiverine dose of 30 mg/d and either staying on that dose after 4 weeks or increasing it 45
mg/d; Table S4: Factors associated with overall improvement of frequency (12 weeks vs. baseline) in
a logistic regression analysis taking demographics, OAB parameters at baseline, duration of condition
and dose level in to consideration; Table S5: Factors associated with overall improvement of nocturia
(12 weeks vs. baseline) in a logistic regression analysis taking demographics, OAB parameters at
baseline, duration of condition and dose level into consideration; Figure S1: Patient disposition
in study I; Figure S2: Patient disposition in study II; Figure S3: Intra-individual change of OAB
symptoms in the cohorts of patients starting on 30 mg and staying on that dose (30/30), starting on
30 mg and escalating to 45 mg at visit 2 after about 4 weeks (30/45) and starting and staying on 45
mg until study end after about 12 weeks (45/45) in study I; Figure S4: Intra-individual change of
OAB symptoms in the cohorts of patients starting on 30 mg and staying on that dose (30/30), starting
on 30 mg and escalating to 45 mg at visit 2 after about 4 weeks (30/45) and starting and staying on 45
mg until study end after about 12 weeks (45/45) in study II; Figure S5: Intra-individual change of
OAB symptoms in the cohorts of patients starting on 30 mg and staying on that dose (30/30), starting
on 30 mg and escalating to 45 mg at visit 2 after about 4 weeks (30/45) and starting and staying on 45
mg until study end after about 12 weeks (45/45) in study II.
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Abstract

Background: Adverse drug events (ADEs) that occur during hospitalization are an ongoing medical concern.
Systematic strategies for ADE identification are lacking. The aim of this study was to evaluate the potential to
identify adverse drug events caused by medication errors (preventable ADEs, pADEs), and previously unknown
adverse drug reactions (ADRs or non-preventable ADEs, npADEs) in inpatients by combining diagnosis codes in
routine data with a chart review.

Methods: Diagnoses of inpatients are routinely coded using the International Classification of Diseases, 10th
Revision (ICD-10). A total of 2326 cases were sampled from routine data of four hospitals using a set of ICD-10
German Modification ADE codes. Following a chart review, cases were evaluated in a standardized process with
regard to drug relation and preventability of events.

Results: By chart review, 1302 cases were classified as hospital-acquired and included in the evaluation. This yielded 1285
cases indicating an ADE. 96.8% of ADEs (1244 ADEs) were classified as known npADEs, only three cases as suspected
previously unknown npADEs, one case as event after drug abuse. A total of 37 ADEs were classified as preventable (2.9% of
all ADEs) by identifying a medication error as probable cause. The prevalence of pADEs varied considerably between
included ADE codes, with hemorrhagic diathesis due to coumarins and localized skin eruptions showing the highest rates
(8.7 and 9.1%, respectively). Most frequent medication errors were non-compliance to a known allergy, and improper dose.

Conclusions: When focusing on specific ADE codes, routine data can be used as markers for npADEs and medication
errors, thus providing a meaningful complement to existing drug surveillance systems. However, the prevalence of
medication errors is lower than in former studies on the frequency of pADEs.

Keywords: Routine data, ICD-10, Adverse drug event, Medication error, Drug safety

Background
Patients often experience adverse drug events (ADEs)
during hospitalization [1, 2]. Such inpatient ADEs
pose a considerable health and economic burden on the
patients as well as on the health care system [3–5]. A sig-
nificant number of inpatient ADEs are caused by medica-
tion errors and can be prevented (pADEs) [1, 6, 7]. By
release of the action plans for improvement of medication
safety by the Federal Ministry of Health in Germany,

various measures have been implemented and promoted
over the past decade in order to prevent and identify
ADEs [8]. In developed countries, hospitals increasingly
use clinical decision support systems and computerized
physician order entry systems to reduce prescription er-
rors [9, 10].
To further improve drug safety it is crucial to over-

come the lack of systematic detection and reporting of
non-preventable adverse drug events (npADEs) and
pADEs, and to perform an ongoing root cause analysis
in order to identify factors that contribute to errors in
hospitals [11, 12]. Spontaneous reporting systems and
critical incident reporting systems (CIRS) for reporting
ADEs are internationally established, but they suffer
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from acceptance problems in daily routine [13]. Al-
though the total number of spontaneous reports in
Germany has been increasing for several years, the num-
ber is still low and the increase is mainly a result of
higher reporting rates from pharmaceutical companies
and patients [14].
Important data sources in hospitals are the diagnoses

of inpatients routinely coded in Germany with the ICD-
10 German Modification (ICD-10-GM) [15]. The codes
are part of the hospital routine data, which are transmit-
ted promptly to sickness funds and annually to the Insti-
tute for the Hospital Remuneration System as a
standardized data set. Various studies have identified
and validated ICD-10 codes as high-precision markers
for the identification of ADEs (so-called ADE codes)
[16–19]. It was further reported that 50% of inpatient
ADEs are coded as disease in the routine data [19], in-
cluding between 7 and 12% [18–20] that are coded as
drug-related disease. Despite this moderate sensitivity,
given the high precision and nationwide availability of
ADE codes, routine data could complement existing
pharmacovigilance systems and thereby contribute to
the improvement of drug safety in hospitals.
Therefore, the aim of this study was to evaluate the

potential of utilizing ADE codes encoded in routine data
as a complementary drug safety source by identifying a)
preventable ADEs including causes and contributing fac-
tors of medication errors, and b) previously unknown
non-preventable ADEs, those that are not listed in the
Summary of Product Characteristics (SmPC). The re-
sults of the study could stimulate the use of routine data
as a pharmacovigilance resource.

Methods
Definitions
The following definitions are used allowing a clear dis-
tinction between non-preventable and preventable ADEs
[21, 22]: an adverse drug event (ADE) is any harmful in-
cident resulting from medical intervention related to a
drug. ADEs are subdivided into non-preventable ADEs
(npADEs) defined as harmful and unintended reactions
to a drug after its appropriate use (adverse drug reac-
tion), and preventable ADEs (pADEs), defined as harm
to the patient due to errors in the drug treatment
process. The definition of a npADE is consistent with
the definition of an adverse reaction in ICD-10-GM, ver-
sion 2018: adverse reaction of a drug that has been cor-
rectly prescribed and properly administered [15].

Study design and database
We conducted a retrospective, multicenter, observational
study with an explorative approach using secondary data
analysis to identify preventable and non-preventable
harm in inpatients. Hospital discharge data from four

full-service, non-academic hospitals in Germany of the
calendar years 2015 and 2016 were used. The hospitals
are located in cities with a population between 45,000
and 180,000 and together operate 2300 beds and treat
109,000 inpatients. The routine data contain inpatient
conditions coded by ICD-10-GM with one principal
diagnosis and several additional diagnoses. The principal
diagnosis is defined as “that condition established after
study to be chiefly responsible for occasioning the ad-
mission of the patient to the hospital for care”, whereas
additional diagnoses are defined as “all conditions that
coexist at the time of the principal diagnosis, or that de-
velop during the hospital stay” [15]. Since the focus of
this study was on hospital-acquired ADEs (nosocomial
conditions acquired during hospitalization) and as by
definition hospital-acquired events cannot be assigned as
principal diagnosis, only additional diagnoses were in-
cluded. However, because additional diagnoses include
comorbidities present at admission as well as hospital-
acquired complications, and because the ICD-10-GM
does not contain a Present on Admission (POA) indica-
tor, the time of occurrence of corresponding events was
determined during the chart review process.

Sample selection
In previous studies of the authors, the general suitability
of ICD-10 codes for ADE identification was investigated
by calculating prevalence, precision and sensitivity of
ICD-10 additional diagnosis codes [19, 23]. Based on
these results, ADE codes were selected for evaluation in
this study if they a) indicate predominantly hospital-ac-
quired events, b) have been validated as codes represent-
ing ADEs with high precision (positive predictive values
68 to 94%, see [19]), and c) occurred more frequently
compared to other ADE codes. One ADE code identifies
one inpatient stay and is defined as one observational
unit (hereinafter called “case”). In each hospital, all cases
in each code group that fulfilled inclusion criteria were
independently retrieved from the respective routine data,
resulting in a sample of 2326 cases. A case was identified
in the hospital information system by the patient identi-
fier linked to the ICD-10 code representing the ADE.
Then, the patient chart was retrieved either in electronic
or in paper-based format. Table 1 shows the included
codes and the number of cases.

Data extraction and evaluation
Data for the analysis were recorded and evaluated in a
multi-level, standardized procedure (Fig. 1). First, experi-
enced personnel with medicinal and pharmaceutical
background performed the chart review and documenta-
tion of event characteristics at the hospital’s site after
completing a two-month study-specific training. To as-
sure the data quality in the chart review process,
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multiple on-site visits were carried out. Starting point
for a chart review was the diagnosis of one of the ADE
codes listed in Table 1. After identification of the event
in the medical record, data regarding the time point of
the event, the relationship of the event to a drug if

reported by the hospital staff, patient characteristics,
drugs taken before event, patient’s known allergies and
comorbidities, and source of information (physician or
nurse) were extracted from the medical charts and the
hospital information system. Data were recorded on a

Table 1 Included ICD-10-GM codes and number of cases

Code/Code group Term N

A04.7 Enterocolitis due to Clostridium difficile 362

D68.33; D68.34; D68.35 Hemorrhagic diathesis due to coumarins (vitamin K antagonists)/due to heparins/due to other anticoagulants 488

D69.52; D69.53 Secondary thrombocytopenia: Heparin induced thrombocytopenia type I/II 114

I95.2 Hypotension due to drugs 563

K52.1 Toxic gastroenteritis and colitis 155

L27.0; L27.1 Generalized/localized skin eruption due to drugs and medicaments 506

N99.0 Postprocedural renal failure 138

Total 2326

Fig. 1 Schematic representation of the review and evaluation process. ADE = adverse drug event; npADE = non-preventable adverse drug event;
pADE = preventable adverse drug event
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standardized data collection form. The parameters to be
collected to identify and characterize a medication error
were adopted from the taxonomy of medication errors
from the National Coordinating Council for Medication
Error Reporting and Prevention (NCC MERP, USA) [24].
At the scientific study center, the completed data col-

lection forms were evaluated. All cases that occurred
during hospitalization were classified according to type
of adverse event. The underlying root cause of the oc-
currence of the event was assessed and related drugs to
the ADE were assigned by taking into account the drug
relationships recorded by the hospitals and by inspecting
the SmPCs of administered drugs. A preventability as-
sessment of the ADEs was performed to distinguish
pADEs from npADEs by considering errors recorded by
the hospital staff and by comparing collected data with
the SmPC’s application instructions. A clinical decision
support system (Software ID DIACOS PHARMA; ID In-
formation und Dokumentation im Gesundheitswesen
GmbH, Berlin) was used to support the assessment
process. The following groups were defined to categorize
the ADEs.

� G0 – event without drug relationship: Adverse
event for which no related drug therapy was
identified.

� G1 – known non-preventable ADE: ADE after
proper use without indication of a medication error;
ADE listed in the SmPC.

� G2 – suspected previously unknown non-
preventable ADE: ADE after proper use without
indication of a medication error; ADE not listed in
the SmPC.

� G3 – preventable ADE: ADE with medication
error as probable cause for reported event.

� G4 – drug abuse: ADE because of drug abuse by
the patient.

No personnel of the study center was involved in the
data extraction process at the hospital’s site. At the sci-
entific study center, cases were evaluated and catego-
rized by author MA. All assessments were reviewed by
author NK. For cases assigned to G2 and G3, a final
consensus agreement was achieved by authors JS and
NK. Absolute and relative frequencies and exact 95%
confidence intervals (CI) were calculated using SAS
(SAS Institute Inc., Release 9.4).

Results
By chart review, data from 2326 cases were extracted. Of
the reviewed cases, 1328 cases encoded events that oc-
curred during hospitalization (57.1% of 2326), 747 cases
represented events present at admission, and 251 with
unknown onset date. Overall, 26 cases were excluded

from the set of hospital-acquired events due to incomplete
data or implausibility. Therefore, 1302 cases were included
in the final analysis and assigned to groups G0 - G4
(Table 2).
Most of the cases were confirmed as ADE (G1-G4). A

small percentage of the codes enterocolitis due to Clos-
tridium difficile (A04.7-), and postprocedural renal failure
(N99.0) represented events without drug relationship
(G0). While 90 to 100% of cases across all codes were clas-
sified as known npADEs, only three cases were classified
as suspected previously unknown npADEs, i.e. the ADE
was not listed in the SmPC: Eliquis (active ingredient:
Apixaban) associated with toxic gastroenteritis and colitis
(K52.1), and Valoron (active ingredient: Tilidine; two
cases) associated with localized skin eruption (L27.1).
A total of 37 cases (2.9% of all 1285 ADEs) repre-

sented pADEs. pADEs were identified in association
with the ADE codes hemorrhagic diathesis due to cou-
marins (D68.33), hypotension due to drugs (I95.2), gen-
eralized and localized skin eruption (L27.0 and L27.1),
and postprocedural renal failure (N99.0). Among pADEs,
the codes D68.33, L27.0, and L27.1 showed the highest
rates. One case with the ADE code hypotension due to
drugs (I95.2) was related to drug abuse by the patient.
Out of the 37 cases with pADEs, 28 medication errors

were related to skin eruptions. The non-compliance to a
known allergy (27 cases) was the most frequent type of
medication error (Table 3). Of these, 24 cases were asso-
ciated with allergies to antibiotics. Improper dosing was
rarely observed (seven cases). Possible causes and con-
tributing factors could only be identified for a small pro-
portion of medication errors.

Discussion
In our study, codes of the ICD-10-GM (ADE codes)
were analyzed to assess their potential for the detection
of pADEs and previously unknown npADEs. As ob-
served in the preceding validation study [19], the se-
lected ADE codes represented high-precision markers
for drug-related conditions that, with the exception of
hemorrhagic diatheses, by the majority developed during
hospitalization. These codes are thus suitable for the
analysis of hospital-acquired ADEs.
The evaluation of the ADE codes revealed no evidence

of medication errors in the vast majority of cases. Only
2.9% of all ADEs (G1-G4) were classified as probable
consequences of medication errors and therefore as pre-
ventable (pADEs). However, the prevalence of pADEs
varied significantly between ADE codes, ranging from 0
to 9.1%. In particular, higher rates were found for the
ADE codes hemorrhagic diathesis associated with ad-
ministration of vitamin K antagonists (8.7%), and skin
eruptions (9.1%), mostly due to antibiotics. Both drug
groups are frequently reported in association with
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hospital-acquired medication errors [7, 25, 26]. Former
studies found higher rates of hospital-acquired pADEs
compared to the results presented. For example, a pro-
spective study at two hospitals in the Netherlands re-
ported a rate of 5% inpatient pADEs [22], a prospective
study in the UK found a pADE rate of 52%, and classi-
fied 47% of them as “possible” and 5% as “definite” [25].
One meta-analysis reviewing eight prospective studies
from the years 1994–2010 [6] assessed 45% of all hos-
pital-acquired ADEs to be preventable, whereas another
meta-analysis evaluating nine prospective and retro-
spective studies from the years 2006 to 2014 [7] reported
32% pADEs. However, differences in methodology and
study population complicate the comparison of the
results. A continuous improvement of quality stan-
dards in the drug therapy process and a more fre-
quent use of electronic systems contribute to a
reduction of preventable adverse events [9, 10]. This
might explain the rarity of pADEs determined in this
study, indicating a possible overestimation of the bur-
den of medication errors in the current discussion on

drug safety in the inpatient setting. However, consid-
ering the total number of inpatients in Germany and
high percentage of ADE codes, rates of pADEs as de-
termined in this study still demonstrate the ongoing
relevance of drug safety improvement.
Possible causes and contributing factors of medication

errors could only be determined in a few cases. Hospital
staff related human factors such as heavy workload,
transmission errors between documents, and communi-
cation deficits could be identified. To increase the pa-
tient’s safety, a systematic root cause analysis of
medication errors at hospitals is essential in order to
identify conditions in which medication errors are fa-
vored, to initiate structural changes to remedy them, and
to define and optimize specific workflows. These mea-
sures have received increasing attention in recent years,
for example through implementation of CIRS [27] or the
formulation of standard operating procedures [28]. In
total, three cases of suspected previously unknown
npADEs were identified. The low number and lack of in-
formation on the actual frequency of previously

Table 2 Classification of ADEs per ADE code: absolute and relative frequencies

Group N[%] cases per ADE code

A04.7 D68.33 D68.34 D68.35 D69.52 D69.53 I95.2 K52.1 L27.0 L27.1 N99.0 Total 95% CI

G0 - event without
drug relationship

15 [7.1] 0 0 0 0 0 0 0 0 0 2 [1.9] 17 [1.3] 0.8–2.1

G1 - known npADE 195
[92.9]

42
[91.3]

7
[100]

12
[100]

9
[100]

41
[100]

401
[99.0]

87
[98.9]

209
[93.7]

138
[89.6]

103
[96.2]

1244
[95.6]

94.3–
96.6

G2 – previously unknown
npADE

0 0 0 0 0 0 0 1 [1.1] 0 2 [1.3] 0 3 [0.2] 0.1–0.7

G3 - pADE 0 4 [8.7] 0 0 0 0 3 [0.7] 0 14 [6.3] 14 [9.1] 2 [1.9] 37 [2.8] 2.0–3.9

G4 – event after drug abuse 0 0 0 0 0 0 1 [0.3] 0 0 0 0 1 [0.1] 0–0.4

Total 210 46 7 12 9 41 405 88 223 154 107 1302

npADE non-preventable adverse drug event, pADE preventable adverse drug event, CI confidence interval

Table 3 Types, causes and factors of medication errors

ADE code Type of medication error N Causes/Factors N

D68.33 Wrong time of administration 1 –

Improper dose 3 Heavy workload 1

I95.2 Improper dose 3 Verbal miscommunication 1

L27.0 Contraindication, known allergy (antibiotic) 14 Transcription error
Written miscommunication

2
1

L27.1 Contraindication, known allergy (antibiotic) 10 Transcription error
Written miscommunication

2
1

Contraindication, known allergy (analgesic) 2 Verbal miscommunication 1

Contraindication, known allergy (heparin) 1 –

Improper dose 1 –

N99.0 Contraindication, comorbidity 1 –

Contraindication, drug-drug interaction 1 –

Total 37

ADE adverse drug event
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unknown ADEs in hospitals hampers a final qualitative
assessment of the usability of routine data in this con-
text. Therefore, the potential of routine data for the de-
tection of previously unknown npADEs cannot be
conclusively derived. A validation of the prevalence hav-
ing a larger sample is recommended.
Limitations in the interpretation of the presented re-

sults can be discussed at different levels. Generally, rou-
tine data have only a moderate sensitivity for inpatient
ADEs. As reported in the preceding validation study,
50% of hospital-acquired ADEs were coded as disease in
the routine data, from which a subgroup of 12% was
coded as drug-associated disease [19]. A possible impact
of under-reporting of ADEs in routine data on the rate
of pADEs was not verified in this study. It can be argued
that clinical personnel may be reluctant to code events
related to medication errors and that there is a lack of
information in the source data. On the other hand, this
effect may be compensated because the severity and
relevance of pADEs may in turn lead to higher coding
rates. Therefore, taking into account the impact of
under-reporting of pADEs but also the tendency to code
ADEs with high severity more frequently, there is no evi-
dence that the sensitivity of ADE codes indicating medi-
cation errors is lower than of ADE codes encoding non-
preventable ADEs. The suspected medication errors and
previously unknown npADEs identified in this work are
distributed over a small set of ADE codes. Although the
most frequent ADE codes were included in the analysis,
it is not easily possible to generalize the prevalence rates
determined in this study to other codes. The hospitals in
this study have no specific characteristics. The evalu-
ation based on nationwide uniform ICD-10 codes that
are coded according to standardized guidelines [15].
Therefore, a generalization of the results to other hospitals
in Germany is reasonable. However, due to possible struc-
tural differences in different countries with regard to the
pharmacovigilance infrastructure, a generalizability to
other countries is only possible to a limited extent. Data
on the frequencies of additional diagnoses in Germany
show that unspecific codes are regularly used to code
events [23]. This includes codes such as T78.4 “Other and
unspecified allergy” and T88.7 “Unspecified adverse effect
of drug or medicament” - codes which do not directly
identify the underlying event and which were therefore ex-
cluded from the study. Further studies are necessary to
validate the impact of these codes on the rate of hospital-
acquired pADEs.

Conclusion
Detection of pADEs and previously unknown npADEs in
everyday clinical practice is a major challenge in health-
care. Our study confirmed the potential of utilizing ADE
codes encoded in routine data as a complementary drug

safety source. Furthermore, our data indicated that pADEs
occur less frequently than expected. The majority of
npADEs were mentioned in the SmPCs of related drugs.
The Drug Commission of the German Medical Associ-

ation is currently developing a reporting system to sys-
tematically collect and evaluate medication errors within
the framework of the spontaneous reporting system for
ADRs [29]. To address the under-reporting of ADEs,
additional strategies to collect drug safety data are
needed. Having a comprehensive and standardized ac-
quisition, routine data can be effectively used as a com-
plementary data source to detect medication errors. Our
results demonstrate that the majority of ADEs coded in
routine data are known npADEs. However, using routine
data as markers for pADEs in combination with chart
review is reasonable when focusing on specific ICD-10
codes. In a study from South Korea, ADE codes from
nationwide routine data have been used as a basis to
evaluate drug safety following the realization of an elec-
tronic drug prescription system [30]. Furthermore,
pADEs coded in routine data can provide important in-
formation for systematic prospective quality assessments
in hospitals in order to implement preventive, risk-redu-
cing measures in hospital management. One important
step towards greater use of routine data in drug safety is
the identification of further, suitable ADE codes [31].
The implementation of a POA indicator in the German
version of the ICD-10, a more strict specification of
medication error coding in routine data, and not least
raising awareness of ADE coding in hospitals can further
increase the potential of routine data within the frame-
work of drug safety.
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Abstract 

Aim: To describe the trend in the prevalence of statistical inference in three influential clinical 

pharmacology journals  

Methods: We applied a computer-based algorithm to abstracts of three clinical pharmacology 

journals published in 1976 to 2016 to identify statistical inference and its subtypes. 

Furthermore, we manually reviewed a random sample of 300 articles to access algorithm’s 

performance in finding statistical inference in abstracts and as a screening tool for presence 

and absence of statistical inference in full text. 

Result: The algorithm identified 59% (13,375/22,516 [mid p 95% CI, 59%-60%]) article 

abstracts with statistical inference. The percentage of abstracts with statistical inference was 

similar in 1976 and 2016, 48% (179/377 [mid p 95%CI, 42%-52%]) versus 49% (386/791 [mid 

p 95%CI, 45%-52%]). Statistical reporting pattern varied among journals. Among abstracts 

containing any statistical inference in the publications from 1976 to 2016 null-hypothesis 

significance testing was the most prevalent reported statistical inference. The algorithm had 

high sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) 

for finding statistical inferences in abstract. While PPV for predicting the statistical inference 

in full text (including abstract, text, tables and figures) was high, NPV was low. 

Conclusion:  

Despite journal’s editorials and statistical associations’ guidelines, most authors focused on 

testing rather than estimation. In future, a better statistical reporting might be ensured by 

improving the statistical knowledge of authors and an addition of statistical guides to journals’ 

instruction to authors to the extent that editors would like their statistical inference 

preferences to be incorporated into submitted manuscripts.  
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Introduction 

Clinical pharmacology, like all other parts of drug research and development consists of a wide 

range of exploratory and confirmatory investigations. The former develop whereas the latter 

test hypotheses. The statistical investigation of hypotheses leads to either statistical 

significance testing (ST) or to null- hypothesis testing (NHT). ST and NHT are nowadays 

frequently mixed up or combined into a hybrid that has been called “null hypothesis 

significance testing” (NHST) [1-3]. The increasing popularity of NHST resulted in an increasing 

trend in reporting p-values [4]. 

Criticisms of dichotomizing p-values (i.e., of NHT) is old. As early as 1921, Boring warned 

against decisions based on categorized p-values [5]. Stigler concluded that there is ample 

evidence that the abuse of statistical significance even predated Fisher [6]. In 1988, the 

International Committee of Medical Journal Editors (ICMJE) updated its recommendation to 

authors in favor of additional reporting of confidence intervals (CI) [7]. Subsequently, a 

number of medical journals published editorials discouraging the use of p-values [8-10]. A 

count of over 300 warnings of limitations of ST, NHT and NHST in 2000 [11] was followed a 

year later by a list of 402 references [12], among which we found 89 in biomedical 

publications. Rothman described scientific inference as “a thoughtful process that pivots on 

measurements, whereas statistical significance testing is a mechanical process that debases 

measurements into the qualitative and sometimes misleading categories of ‘significant’ and 

‘not significant’“ [13]. 

Recently, several high-impact publications have triggered a lively debate about 

dichotomization of p-values. In 2016, the American Statistical Association (ASA) published its 

first critical statement about the use of NHT in research since 1893, the year of its inception. 

It published six principles “that could improve the conduct or interpretation of quantitative 

science, according to widespread consensus in the statistical community“. Some explanatory 

notes accompanied each principle. For example, for statement 3, the ASA stated “the 

widespread use of ‘statistical significance’ (generally interpreted as “p ≤ 0.05”) as a license for 

making a claim of a scientific finding (or implied truth) leads to considerable distortion of the 

scientific process” [14]. More recently, ASA leadership issued an even stronger statement 

“that it is time to stop using the term ‘statistically significant’ entirely. Nor should variants 

such as ‘significantly different’, ‘p < 0.05’, and ‘nonsignificant’ survive, whether expressed in 

words, by asterisks in a table or in some other way. Regardless of whether it was ever useful, 

a declaration of ‘statistical significance’ has today become meaningless” [15]. 

Furthermore, methodologists of statistics and epidemiological methods published a paper 

that illustrates 25 misconceptions related to statistical tests, p-values, confidence intervals 

and statistical power [1]. In 2019, a paper entitled “Retire statistical significance” was 

published in Nature and accompanied by a published list of signatories to “Retire statistical 

significance” including 854 scientists from 52 countries, with 20 scientists (2.3%) from 

Germany [16] including one of the present authors (M.C.M.). Contemporary defenses of 
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statistical significance are comparatively rare and include a proposal to lower the level of 

significance to α=0.005 [17].  

These developments lead to hypotheses that NHT might be losing popularity, and that ST and 

CI reporting might be increasing, in recent years. A review of abstracts in epidemiological, 

medical, and psychiatry journals did find an increasing trend in CI reporting, while NHT 

reporting was the dominant statistical inference in abstracts containing statistical inference 

[18, 19]. However, to our knowledge data on the time trend in reporting statistical inferences 

in abstracts published in pharmacology journals are missing. As clinical pharmacology has a 

stronger track record of reporting CI as compared to experimental pharmacology [10], we 

explored how clinical pharmacology journals have approached the reporting of statistical 

inference over time. To this end, we performed a review of abstracts of publications published 

in 1976 to 2016 in three influential clinical pharmacology journals as an illustrative sample of 

the field and described their time trend in reporting statistical inference.  

55



Material and Methods 

Journal extraction 

We systematically reviewed publications from three major clinical pharmacology journals with 

different impact factors (IF) based on 2017 journal citation reports (JCR) from the Web of 

Science® website (www.webofknowledge.com): British Journal of Clinical Pharmacology (Br J 

Clin Pharmacol, IF = 3.8), Clinical Pharmacology and Therapeutics (Clin Pharmacol Ther, IF = 

6.5), and the European Journal of Clinical Pharmacology (Eur J Clin Pharm, IF = 2.7).  

The website’s source data table presents the number of citable items (research articles and 

reviews) and other items (editorials, letters, news items, and meeting abstracts) in the JCR 

year. We examined and compared trends in each journal’s source data for the period 1976 

through 2016 because changes of editorial policies and changes in statistical doctrines can 

influence reporting of statistical inference. 

We also checked whether each journal is committed to the recommendations of the ICMJE 

and reviewed the ICMJE archives for changes in relevant recommendations. Furthermore, we 

asked the journal editors if they archive the instructions or other guidance they provide to 

authors to check relevant changes. In a post-hoc analysis, we examined their most recent 

online instructions to the authors available at their website (access date: 12.06.2020). 

We searched for and retrieved all article abstracts from the PubMed database 

(http://www.ncbi.nlm.nih.gov/gov/pubmed/) on May 31, 2017 for the period 1976 through 

2016. We started this review on 2017. Therefore, we extracted the data up to 2016. Because 

previous studies revealed that abstracts regularly appeared not earlier than in the mid-70s, 

the observation periods starts in 1976 [18, 19]. Raw data regarding the publication year 1976 

and 2016 is provided in online supplement (Table S5 and S6). We then used a SAS text-mining 

algorithm that has been developed and validated in two previous projects [18, 19]. This 

algorithm automatically identifies the presence of statistical inference by employing the index 

function of SAS to search for the letter string “signif”, “power”, “inferior”, “equiv”, p-values, 

p-thresholds and CIs. In a post-hoc analysis, we categorized the abstracts according to the 

publication types, which are assigned by PubMed. 

Definition of measures of statistical inference 

We defined statistical inference as the presence of any of the following items: p-thresholds 

(e.g. p ≤ 0.01, p > 0.05), p-values (e.g. p = 0.03, p = 0.84), significance terminology (e.g. 

“significant association”, “significant difference”), terminology related to NHT (“power”, 

“inferior”, “equiv”) and CIs. Based on the type of statistical inference reported in the abstracts, 

we classified them into the following sub-groups:  

1. Significance testing only , “ST only”: reporting only p-values such as 0.0348  
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2. Null- hypothesis testing only, “NHT only”: reporting only p-thresholds or at least one 

term that indicates null- hypothesis testing such as “signif”, “power”, inferior”, 

“equiv”), 

3. Null- hypothesis testing and significance testing , “NHT & ST” : abstracts with null-  

hypothesis and significance testing regardless of the presence of CIs, 

4. “any NHST”: abstracts with significance testing OR null-hypothesis testing regardless 

of the presence of CIs,  

5. “any CI”: abstracts with any CI regardless of NHST,  

6.  “CI only”: abstracts with CI without any NHST. 

Statistical methods 

We estimated the prevalence of reporting any statistical inference and, among the abstracts 

with any statistical inference, the prevalence of different sub-groups as defined above. We 

looked for all instances of statistical inference and not merely those pertaining to a paper’s 

primary analysis – which often would be difficult to discern in any event. We performed all 

statistical analysis using SAS (version 9.4; SAS Institute INC., Cary, NC, USA). We estimated 

time trends by weighted nonparametric local regression smoothing [20, 21] with quadratic 

local polynomials and a smoothing parameter of 0.6, which means that 60% of the data in 

each local neighborhood was used for the smoothing procedure. Furthermore, we estimated 

95% confidence bands for the smoothed trends. 

Validation of text-mining algorithm 

On 8 June 2017, we took a random sample of 300 articles (100 from each journal) published 

in the most recent calendar period (2012-2016) for review by a knowledgeable reviewer 

(M.A.). We selected 100 abstracts per journal because the expected precision of the 

proportions would be sufficient (e.g. for a proportion of 30%, the 95% confidence interval by 

expectation would be 21%-39%). A second reviewer (A.S.) randomly double-checked a sub-

sample of the first reviewers’ assessment. They discussed disagreement in their evaluation, 

which potentially reduced the error rates. The aim was to compare the performance of the 

algorithm with the manual reading of the abstracts. Furthermore, we compared results of the 

algorithm that is based on abstracts only with the presence of statistical inference in full 

papers. 

M.A. retrieved the full papers from the PubMed database (dates of retrieval: 8th-16th June 

2017) and manually identified statistical inference in abstract and full text (text, tables and 

figures). The manual review of the full paper included the search for expressions like “signif”, 

“power”, “equiv”, and “inferior” by using Adobe Acrobat Reader’s find function. For each 

instance of each of these letter strings, we determined by a close reading of the abstract and 

the remainder of the paper if the word in which the letter string appeared was used 

statistically or substantively (e.g., by the presence of the adjective, “clinical” before the noun, 

“significance”). In cases that the expression was a citation by the authors, we also checked the 

cited paper. However, even after a close reading, the use of some terms remained ambiguous. 
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Therefore, we classified the use in abstracts of words containing these letter strings as “clearly 

statistical”, “clearly non-statistical” and “unclear non-statistical.” In reviewing the abstracts if 

the terminology was without any qualifier, we read the full text to classify them as either 

statistical or non-statistical. For example out of 25 abstracts with unclear “signif” terminology, 

24 were used in statistical sense and 1 in non-statistical sense. However, in reviewing the full 

text it was difficult to assign some terminologies to the statistical or non-statistical groups, 

therefore we have a sub-category of “unclear non-statistical”. For the letter string “equiv” we 

checked if the author used the “Bioequivalence NHT” prescribed by the European Medicines 

Agency guideline. According to the Guideline on the Investigation of Bioequivalence, 

Committee for Medicinal Products for Human Use, European Medicines Agency, London, 

2010, “The assessment of bioequivalence is based upon 90% confidence intervals for the ratio 

of the population geometric means (test/reference) for the parameters under consideration. 

This method is equivalent to two one-sided tests with the null hypothesis of bioinequivalence 

at the 5% level”[22]. 

For CI reporting, we only considered CIs for measures with null values (i.e., measures of 

comparison, association or effect). We then checked whether the null value (e.g., a hazard 

ratio of 1) was included within each CI. Moreover, from our random sample of 300 articles, 

we took a sub-sample of all “CI-only” articles. One knowledgeable reviewer (C.P.) reviewed 

them to identify papers employing implicit or covert NHT, which consists of emphasizing or 

treating special in some way those CIs that are accompanied by rejections of the null- 

hypothesis (e.g., by selectively reporting them and not others in the abstract). All reviewers 

were unaware of the outputs of the automatic classification of the abstract by the algorithm. 

To assess the algorithm performance, we compared its output with the results of the manual 

review of the random sample of 300 publications. We calculated the median unbiased 

estimates and 95% confidence interval for sensitivity, specificity, positive and negative 

predictive values. We presented the median unbiased estimates as they provide more 

accurate estimation than maximum likelihood estimation, when the sample size is small [23]. 

For the interested readers, we present two samples of abstracts that published in year 1976 

and 2016 (Table S7 and S8). We filtered the data set of the year 1976 and 2016 to identify 

those abstracts that the algorithm assessed as “any NHT=1”, “p-use=0” and “any CI=0” and 

took the first 20 abstracts that appeared after filtering. These supplementary tables show how 

the performance of the algorithm differs from a manual review.    
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Result 

Algorithmic review of abstracts- period 1976-2016 

The total number of article abstracts increased form 377 in 1976 to 791 in 2016. The annual 

number of abstract published between 1976 and 2016 varied across the included journals 

between 1976 and 2016 (Table 1). The algorithm identified 13,375 out of 22,516 (59%) 

abstracts that contained statistical inference (Table 1). The time trend showed that the annual 

percentage of abstracts containing statistical inference increased initially, reached a peak in 

the early 2000s and then declined again (Figure 1) so that the overall percentage of abstracts 

with statistical inference was similar in 1976 and 2016 (48%  vs. 49%) (Table 1). The prevalence 

of statistical inference was high in some publication types like meta-analysis (85%), 

randomized controlled trial (77%), clinical trial (74%), and journal article (59%), whereas it was 

low in reviews (26%) and case reports (24%) (Table S2). 

Statistical inference reporting pattern varied among journals. From 1976 to 2016, the 

percentage of statistical inferences in abstracts increased from 42% to 59% in Br J Clin 

Pharmacol, and from 47% to 60% in Eur J Clin Pharm, whereas in Clin Pharmacol Ther it 

decreased drastically from 49% to 25% (Table 1). In 2007, Clin Pharmacol Ther exhibited a 

marked drop from 85% in 2006 to 33% in statistical inference reporting (Table S1). Eur J Clin 

Pharm also showed a decreasing trend but to a different extent, from 68% in 2006 to 63% in 

2007 (Table S1) (Figure 1). According the journal’s source data characterization across the time 

span 1997-2016, in 2003, the proportion of “other publication” in each journal grew 

noticeably from none to about 80%, 40% and 9% in Clin Pharmacol Ther, Br J Clin Pharmacol 

and Eur J Clin Pharm, respectively (Table S4). 

Overall, among abstracts containing statistical inference, NHST appeared most frequently. In 

the mid-1970s, nearly all abstracts reporting any statistical inference contained NHST, while 

CI was absent (Figure 2). In early 1990s, NHST showed a decreasing trend, while CI reporting 

grew in popularity, and its prevalence rose in all three journals (Figure 2). Reporting CI as the 

only means of statistical inference became more popular since early 2000 (Figure 2). From 

mid-1970s to early 1990s, the prevalence of p-values increased in Br J Clin Pharmacol and in 

Clin Pharmacol Ther and then dropped noticeably over the last decades (Figure 2A, 2B). The 

Eur J Clin Pharm showed a fluctuating p-value reporting pattern with a low in early 1990s and 

a peak in 2006, thereafter its prevalence decreased again (Figure 2C). 

Algorithmic review of the most recent abstracts 

Table 2 provides an overview of the prevalence of reporting statistical inferences in abstracts 

of publication years 2012-2016. Overall, about half of the abstracts contained statistical 

inference (1,603 out of 3,215 abstracts) and among abstracts with statistical inference, NHST 

was the most frequent subtype. Prevalence of NHST was higher than CI in abstracts, especially 

in Clin Pharmacol Ther (92% vs. 18%) followed by Eur J Clin Pharm (86% vs. 38%) and Br J Clin 

Pharmacol (80% vs. 50%). In Br J Clin Pharmacol, the prevalence of CIs was higher than p-
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values (50% vs. 30%), whereas in Clin Pharmacol Ther and Eur J Clin Pharm prevalence of p-

values was higher than CIs, (34% vs. 18%) and (41% vs. 38%), respectively. The Prevalence of 

reporting only CI was 20% in Br J Clin Pharmacol, 14% in Eur J Clin Pharm and 8% in Clin 

Pharmacol Ther.  

The prevalence of statistical inference was 91% in meta-analysis, 73% in randomized 

controlled trial, 68% in clinical trial , 50% in journal article, 27% in reviews and 25% in case 

reports (Table S3).  

Manual review of full paper- period 2012-2016 

Overall 50% of all abstracts contained statistical inference (150 out of 300 abstracts), of which 

80% was any NHST and 45% was any CI (Table 4). Prevalence of NHT in abstracts was 76%, 

whereas the prevalence of ST was 21% (Table 4). As it is presented in table 5, the evaluation 

of kind of usages of terminologies (substantive use versus statistical use), among abstracts 

that used significance terminology (overall 31%), 95% were used in a statistical sense and 12% 

in a substantive sense (e.g. clinical significance). Among the 8 abstracts using the term 

“power”, 6 times it referred to statistical concepts and 3 times to non-statistical  (e.g. 

“powerful”). Abstracts that contained the term “equiv” (n=11) or “inferior” (n=2) all used 

these terminologies in a statistical sense. The percentages  of the statistical and non-statistical 

subcategories do not sum up to 100 as the term appeared more than once in some abstracts, 

once in statistical and once in non-statistical sense.  

Table 3 shows the percentage of the statistical inference anywhere in full paper (abstract, text, 

table, or figure). Overall, 83% (265 out of 300) of all full texts contained statistical inference. 

The majority (98%) was NHST reporting. ST was always accompanied by other inferential 

statistics in the full paper. Only 2% of the papers reported only CI in the entire paper. After a 

detailed analysis of CI only papers, we did not detect covert use of NHT. Clin Pharmacol Ther 

had a lower percentage of statistical inference in the full paper (80%) compare to the other 

two. All papers in Clin Pharmacol Ther reported NHST, while none reported only CI in the 

whole paper. The percentage of the CI was lower in Clin Pharmacol Ther (38%) compared to 

Br J Clin Pharmacol (69%) and Eur J Clin Pharm (65%). 

Table 4 summarizes the comparison of the abstract text with the remaining text of the full 

paper including tables and figures. It revealed that the remaining text had a higher percentage 

of statistical inferences than abstracts (88% vs. 50%). The prevalence of statistical inference 

was 88% in text (abstract excluded), 46% in tables and 30% in figures. Presentation of result 

with only one statistical inference subtype was more common in abstracts. For example, the 

prevalence of ‘CI only’, ‘NHT only’ and ‘ST only’ was 20%, 41% and 2% in abstracts versus 2%, 

28% and 0% in the full text, respectively. 

As shown in table 5, overall, 90% of all full texts including tables and figures (excluding the 

abstract) used “significance” related terminologies. The vast majority (90%) used this 

terminology in a statistical sense. In 51%, it was used in a non-statistical sense and in 4%, it 
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remained unclear. Furthermore, 38% of all full texts used the terminology “power”, of which 

70% was in a statistical sense, 35% in a non-statistical sense and 2% remained unclear. Out of 

54 full texts containing the term “equiv”, 32 was used them in statistical sense and 24 in non-

statistical sense. Of the 14 paper with “inferior” terminology, 13 were statistical and 1 non-

statistical. As each term was multiple times present in the text, the total percentages of the 

statistical and non-statistical terms do not sum up to 100. 

Assessment of the performance of the algorithm compared with the manual review of the 

abstracts 

Table 6 shows these assessments results. The algorithm had a high sensitivity and specificity 

in detecting statistical inferences in abstracts. Comparison of the automatic identification of 

statistical inferences against the manual review showed that the algorithm failed to detect 

three abstracts with CI, two with any NHT, and five with ST (false negative). Its positive 

predictive value (PPV) ranged between 92% (for ST) to 98% (for CI and any NHT).  Among 300 

abstracts, the algorithm detected six abstract with NHT, two with ST and one with CI whereas 

manual review did not find it (false positive). Its negative predictive value (NPV) ranged from 

99% (for any NHT and CI) to 98% (for ST). 

Prediction of the occurrence of subtypes of statistical inference in the complete manuscript 

based on the abstract-based algorithm 

Of the 300-reviewed paper, there were 65, 116 and 27 with CI, NHT and ST respectively in 

both in full text (including text, table and figure) and in algorithmic search of abstracts (Table 

6). Whereas the PPV of the occurrence of any NHT, ST and CI in the full text (including the 

abstract, text, tables and figures) is high, the NPV is low for all three measures, especially for 

the occurrence of NHT. As seen from the manual review of the entire paper, based on solely 

reading the abstracts without reading the entire paper it is difficult to estimate the occurrence 

of the statistical inference in the full paper. The algorithm presented a low sensitivity in 

predicting reporting style of statistical inference in the remainder of the paper, ranging from 

23% to 45% for the occurrence of ST, NHT, and CI respectively (Table 6). The manual review 

of full papers showed that conclusions about the presence of statistical inference based on 

abstracts only may differ from those based on the remainder of the paper.   
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Discussion 

The practice of statistical inference reporting in abstracts was heterogeneous among journals 

that we reviewed. Overall, half of the article abstracts contained statistical inferences. After 

an increase in the percentage of reporting statistical inference from 1976 to the early 2000s, 

the percentage fell again by 2016. Some publication types like editorials usually do not contain 

statistical inference, reviews including meta-analyses may be an exception from this. Review 

articles either discuss a topic in a qualitative way or may contain statistical inference, but 

typically, these reviews quote statistical inferences of publications from other authors and 

other journals. One might look at review articles from a different perspective in this regard.  

For instance, authors of review articles who report in their abstracts statistical inference on 

the part of original researchers are indicating that they, the reviewers, deem those inferences 

worthy of being highlighted in that way. 

Statistical analysis may not be required for every type of original article. Some clinical 

pharmacology studies provide descriptive information on the mechanism of action of the 

drug, or pharmacokinetic and pharmacodynamics data. Analyzing whether work published by 

others is descriptive or exploratory post hoc is difficult. However, it is good statistical practice 

to report measures of statistical uncertainty of the estimated value presented in exploratory 

studies. 

The time trend was accompanied by a remarkable increase in CI reporting. Since the early 

1990s, the percentage of CIs in abstracts with some form of statistical inference has been 

continuously increasing and rose from 0% in 1976 to 53% of all abstracts by 2016. Systematic 

reviews of other types of journals from 1975 through 2014 showed similar time trends in the 

use of CIs [18]. In contrast, uptake of CIs was slower by psychology journals over almost the 

same period [19]. This shows the variation in acceptance of CIs by different medical journals 

and scientific communities.  

However, NHST reporting has remained consistently ubiquitous. Thus, CIs are increasingly 

reported to supplement, rather than to supplant, NHST. Moreover, the manual review of 300 

abstracts showed that, despite the regulatory guidance in favor of reporting precise p-values 

(ST) over p-threshold (NHT) [24], reporting p-thresholds was more common than precise p-

values (76% any NHT versus 21% any ST). However, ASA discourages decisions “based only on 

whether a p-value passes a specific threshold” [14]. Diong highlighted “researchers will often 

opt for reporting practices that make their paper look like others in their field”[25]. The 

reporting of CIs might or might not reflect an emphasis on estimation over testing [14], as it 

easy to conduct NHT by inspecting CIs for the presence or absence of null values.  

The proliferation of CI reporting in abstracts may reflect the influential update of ICMJE 

recommendation in 1988 in favor of additional reporting of CI and the subsequent editorial 

policy changes in a number of medical journals[9]. ICMJE encourages journals following them 

to incorporate ICMJE recommendations into their instruction to authors and to endorse in 

those instructions that they follow ICMJE. Eur J Clin Pharm and Clin Pharmacol Ther both 
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follow the ICMJE; however only Eur J Clin Pharm stated in its current author’s instruction that 

the manuscripts must comply with the ICMJE guidelines. 

While all three journals guide authors in respect of content of manuscript and submission 

process, only Eur J Clin Pharm included some points regarding the statistical reporting. 

However, all three journals advocate following the CONSORT guidelines for reporting the 

results of randomized clinical trials.  Br J Clin Pharmacol mentioned also other reporting 

guidelines such as STROBE, PRISMA, SPIRIT, CARE, STRAD, CHEERS, etc. Moreover, A. Ring 

published an editorial in Br J Clin Pharmacol in 2017  [26] and in 2010 B. Smith in Clin 

Pharmacol Ther [27], which  provide guidance on statistical reporting and interpretation of 

study findings. There is a debate on how influential are the editorials in improving the 

statistical reporting. 

While Diong et al showed that statistical reporting did not appreciably change in response to 

editorial advice offered in 2011 in journals of physiology and British journal of pharmacology 

[25], studies in public health and psychology journals showed greater response to editorial 

policies[28, 29]. Recommendations, even those in instructions for authors, are merely 

guidelines and not rules. Therefore, they guarantee neither that all authors will adhere to 

them, nor that all authors will agree with them. Therefore, future studies are needed to assess 

the trend in reporting statistical inferences before and after changes in the advisory 

committee policies in clinical pharmacology journal. 

The comparison of the statistical reporting style in abstracts compared to the remaining text 

of the publications showed that the remaining text contained more frequently a mixture of 

reporting styles (NHT, ST, CI) than the abstract alone, which is in line with a previous study [4]. 

The ambiguous usage of „significance”, „significantly, “and „significant “without qualifying it 

as substantive or statistical was present in abstract and full text. The same results were 

reached in former reviews [18, 19]. Moreover, the use of the term "significance" might have 

changed over time; however, inferring the intended meaning from the publication, itself can 

be complicated and it might require contacting authors, but even that is difficult, if not 

impossible. Future studies are needed. The rejection or failure to reject a null hypothesis is 

the first thing, and sometimes the only thing, addressed in many statistics textbooks and 

courses under the rubric of „statistical inference”. Such inferences are often drawn without 

explicit reference to the value of the test statistic, the chosen alpha level, or the p-value.  The 

implicit reference is widely understood, unless otherwise stated, to a two-sided test with 

alpha=0.05.  The numbers are there even though widespread convention makes it possible, 

and customary, not to refer to them explicitly. 

Taking a broader perspective and in line with a previous guideline paper [10], we would like 

to emphasize that presentation of statistical inference should not be separated from an 

indication of effect size: an observation may be statistically significant but have an effect size 

of questionable biological relevance; on the other hand, the observed effect size may be 
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sufficiently large to be of likely biological relevance but have a large p-value, which makes the 

finding inconclusive. 

From 1976 through 2016, the percentage of statistical inference in abstracts decreased by 

24% in Clin Pharmacol Ther, whereas this percentage increased by 17% in Br J Clin Pharmacol 

and by 13% in Eur J Clin Pharm respectively. As the reporting style of statistical inference in 

abstracts of Clin Pharmacol Ther varied markedly, we reviewed its editorials. In 2002, a new 

section called “perspectives” was introduced to keep the journals as an educational tool in the 

clinical pharmacology field [30] which had consequences: whereas the proportion of “other 

articles” (editorials and letters) was virtually zero before 2003, this proportion became 80% in 

2003. These publication types barely contain statistical inferences. The change in editorial 

policy in 2003 may explain the delayed effect from 2006 through 2007, where the percentage 

of statistical inference in abstracts declined from 85% to 33% (Table S1). While more opinion 

and invited content papers may have been published during some periods and that may have 

led to reduced percentage of papers reporting statistical inference, that should not have 

affected the relative roles of reporting types of inference such as NHT, ST, NHST or CI. 

Our review has some limitations. First, we described the time trends in abstracts of three 

journals, which do not necessarily reflect time trends in the remaining texts of publications 

and the selected journals might not be representative of all clinical pharmacology journals.  

Second, this time trend provides a picture of the net or combined effect of several factors 

including journal policies, author preferences, developments in the scientific community and 

publication type and we cannot disentangle which factors played major roles in the observed 

time trend for the three journals that we studied.  

Third, our analysis was descriptive and we estimated the three time trends separately and 

non-statistically. Our key finding was that statistical inference reporting differed between the 

three journals and varied over time. The latter could be analyzed using more sophisticated 

approaches like estimating the differences among the time trends, which would be a simple 

matter only if the trends were assumed to be linear on some scale. Another more 

sophisticated analysis might consist of a random-effects meta-analysis in which the one would 

estimate the „average time trend“ and the spread (variance) of time trends in a population of 

time trends in journals. However, we fail to see how this would change our key findings. 

Lastly, the automated algorithm is unable to evaluate substantive versus statistical use of 

some terminologies, which are indicators of different types of statistical inference reporting 

resulting in overestimation of their prevalence. However, our manual review shows that this 

overestimation is small. Moreover, despite the fact that knowledgeable authors manually 

reviewed the abstracts, there remained some subjectivity in the rating of abstracts regarding 

reporting of statistical inference. 
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We believe that further studies by reviewing the full text of the most recent publications from 

larger number of clinical pharmacology journals are needed to make more certain 

interpretations. 

Conclusion 

The time trend showed that CI reporting have been increasing whereas NHST reporting have 

been decreasing in reviewed journals. Despite journals’ editorials and statistical associations’ 

guidelines, most abstracts in journals reviewed focused on NHT rather than on ST or 

estimation with CIs, even in recent years.  

Our study estimated only the time trend on statistical inference reporting; however, there are 

many other statistical concepts and methods for which different approaches are taken and on 

which editors might wish have their preferences reflected in submitted articles by expressing 

those preferences in instructions for authors. Both authors and editors play an important role 

in the observed trend. The format required for submission of manuscripts differs from journal 

to journal. The authors need to prepare their manuscripts in the format specified by the 

journal they have chosen. In future, a better statistical reporting might be ensured by 

improving the statistical knowledge of authors [25, 31] and an addition of statistical guides to 

journals’ instruction to authors. Some preclinical pharmacology journals have recently done 

so [10]. 
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Characterization of journals included in the review 

Table1  Prevalence of number of abstracts in each journal included in the review of publication year 1976-2016 

Journal Total no. of abstracts 
 in calendar year (n) 
 
 
 
 

No. of any statistical inference  
in calendar year (%) 
 
 
 
 

Abstracts per calendar year 
 

 
1976-2016 1976 2016 1976-2016 1976 2016 n min n max 

Br J Clin Pharmacol 8380 31 345 5312 (63%) 13 (42%) 204 (59%) 31 345 

Clin Pharmacol Ther 6732 187 244 3577 (53%) 91 (49%) 61 (25%) 101 244 

Eur J Clin Pharmacol 7404 159 202 4486 (61%) 75 (47%) 121 (60%) 89 327 

Overall 22516 377 791 13375 (59%) 179 (48%) 386 (49%) 74 305 
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Results of the algorithmic approach of papers published in most recent years 2012–2016 

Table 2 Prevalence of reporting of statistical inference in abstracts of the publication years 2012–2016  

  Br J Clin Pharmacol  Clin Pharmacol Ther  Eur J Clin Pharmacol 

  n *%  n *%  n *% 

Total number of abstracts   1358   912   945  

Abstracts containing any statistical inference  757 56  262 29  584 58 

Abstracts containing NHST  605 80  240 92  500 86 

Abstracts containing  any p-values   226 30  90 34  241 41 

Abstracts containing CI  376 50  47 18  220 38 

Abstracts containing only NHST  381 50  215 82  364 62 

Abstracts containing only CI  152 20  22 8  84 14 

Legend: NHST = null- hypothesis significance testing; CI = confidence interval. 

*Note: The percentage of different types of statistical inference is calculated among the abstracts containing any statistical inference. 
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Results of manual review of 300 random samples of articles in the period 2012-2016  

Table 3  Percentage of statistical inference anywhere in full paper (abstract, text, table, or figure) in validation sample (n=300) 

Journal Total Any 
statistical 
inference 

 Percentages of statistical inference among papers containing any statistical inferences 
(%) 

n n %  Any CI Any ST Any NHT CI only Any NHST ST only NHT only ST & NHT 

Br J Clin Pharmacol 100 93 93  69 43 98 2 98 0 24 43 
Clin Pharmacol Ther 100 80 80  38 34 100 0 100 0 55 34 
Eur J Clin Pharmacol 100 92 92  65 58 96 4 96 0 10 58 

All journals 300 265 83  58 45 98 2 98 0 28 45 

 

Legend: Any CI = any confidence interval; CI only = confidence interval only; any NHST = any null- hypothesis testing OR significance testing; ST 

only = significance testing only; NHT only = null- hypothesis testing only; ST& NHT= null- hypothesis testing AND significance testing; Br J Clin 

Pharmacol = British Journal of Clinical Pharmacology; Clin Pharmacol Ther = Clinical Pharmacology &Therapeutic; Eur J Clin Pharmacol = European 

Journal of Clinical Pharmacology. 
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Table 4  Percentage of statistical inference in abstract versus full- text (text, table, figures) in validation sample (n=300) 

Abstracts only     

Journal Total Any 
statistical 
inference 

 Percentages of statistical inference among papers containing any statistical inferences 
(%) 

n n %  Any CI Any ST Any NHT CI only Any NHST ST only NHT only ST & NHT 

Br J Clin Pharmacol 100 59 59  56 22 69 25 75 3 32 17 
Clin Pharmacol Ther 100 23 23  30 13 83 17 83 0 61 13 
Eur J Clin Pharmacol 100 68 68  41 24 79 16 84 1 41 19 
All journals 300 150 50  45 21 76 20 80 2 41 17 

Full texts only              

Br J Clin Pharmacol 100 93 93  69 43 98 2 98 0 24 43 
Clin Pharmacol Ther 100 80 80  38 34 100 0 100 0 55 34 
Eur J Clin Pharmacol 100 92 92  64 58 96 4 96 0 10 58 
All journals 300 265 88  58 45 98 2 98 0 28 45 

Legend: Any CI = any confidence interval; CI only = confidence interval only; any NHST = any null- hypothesis testing OR significance testing; ST 

only = significance testing only; NHT only = null- hypothesis testing only; ST& NHT= null- hypothesis testing AND significance testing; Br J Clin 

Pharmacol = British Journal of Clinical Pharmacology; Clin Pharmacol Ther = Clinical Pharmacology &Therapeutic; Eur J Clin Pharmacol = European 

Journal of Clinical Pharmacology. 
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Table 5 Percentage of the terms in abstracts and full text (text, table, Fig) of the 300 papers 

Term Abstract only 
 

   Text only (text, table, figure) 

Term 
present in 
abstract  
n (%)* 

unclear  
non-

statistical 
n (%)* 

Clear  
statistical 

n (%)* 

Clear  
non-

statistical 
n (%)* 

 Term present 
in  

text  
n (%) 

unclear  
non-

statistical 
n (%)* 

Clear 
 statistical 

n (%)* 

Clear  
non-

statistical 
n (%)* 

Signif 94(31) 0 89(95) 11 (12)  270 (90) 12 (4) 244 (90) 138 (51) 

Power 8(3) 0 6 (75) 3 (38)  115 (38) 2 (2) 81(70) 40(35) 

Equiv 11 (4) 0 11 (100) 0  54 (18) 0 32 (59) 24(44) 

Inferior 2 (1) 0 2(100) 0  14 (5) 0 13(93) 1 (7) 

 Note: The dominators for the relative frequencies in each column is 300.The percentages of the statistical and non-statistical subcategories do 
not sum up to 100 as the term appeared multiple times, once in statistical and once in non-statistical sense.  
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Table 6 Performance of the algorithm at identifying statistical inferences (N=300 random samples of articles published in the period 2012-2016) 

 Statistical 
inference 

 Algorithm (n)  Median unbiased estimates of Sn, Sp, NPV &PPV and their mid-P 95% CI 

 Absent  Present  

 Manual (n)  Manual (n)  

   Absent Present  Absent Present  PPV (%) [95% CI] NPV (%) [95% CI] 
 

Sn (%) [95% CI] 
 

SP (%)[95% CI] 
 

Analysis 1a  CI  231 3  1 65  98 [93-100] 99 [97-100] 95 [88-99] 100 [98-100] 
 Any NHT  180 2  6 112  98 [90-98] 99 [96-100] 98 [94-100] 97 [93-99] 
 ST  266 5  2 27  92 [79-99] 98 [96-99] 84 [69-94] 99 [98-100] 

  

Analysis 2b CI  145 89  1 65  98 [93-100] 62 [56-68] 42 [35-50] 99 [97-100] 
 Any NHT  39 143  2 116  98 [95-100] 21 [16-28] 45 [39-51] 95 [85-99] 
 ST  178 93  2 27  93 [79-99] 66 [60-71] 23 [16-31] 99 [85-99] 

a Analysis 1: Assessment at identifying statistical inference and its subtypes in abstracts (N=300) 

b Analysis 2: Assessment at identifying statistical inference and its subtypes in papers, including but not limited to, their abstracts (N=300) 

Legend: Sn = sensitivity; SP = specificity; PPV = positive predictive value; NPV = negative predictive value; CI = confidence interval; NHT = null- 

hypothesis testing; ST = significance testing  
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Figure legend 

Figure 1. Annual percentage of abstracts containing any statistical inference for the publication years 1976 through 2016 

Figure 2. Annual percentage of different types of statistical inference among abstracts containing any statistical inference for the publication years 

1976 through 2016 

Br J Clin Pharmacol = British Journal of Clinical Pharmacology; Clin Pharmacol Ther = Clinical Pharmacology &Therapeutic; Eur J Clin Pharmacol = 

European Journal of Clinical Pharmacology. 

Appendices 

Supplementary Table S1.  Overview of number of abstracts published in the included journals and the prevalence of abstracts that contain any 

statistical inference included in the review of publication years 1976-2016 

Supplementary Table S2. Prevalence of number of abstracts categorized according to the publication type in each journal included in the review of 

publication years 1976-2016 

Supplementary Table S3. Prevalence of reporting of statistical inference in abstracts categorized into different publication types of publication 

years 2012–2016  

Supplementary Table S4. Journal’s source data information in years 1997-2016 

Supplementary Table S5. Raw data related to year 1976 

Supplementary Table S6. Raw data related to year 2016 
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Supplementary table S7. Comparison of performance of the algorithm with manual review at identifying any NHT in a sample of abstracts 

published in 1976 

Supplementary table S8. Comparison of performance of the algorithm with manual review at identifying any NHT in a sample of abstracts 
published in 2016 
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Figure 1  Annual percentage of abstracts containing any statistical inference for the publication years 1976 through 2016 

 

 

Legend: BJCP= British Journal of Clinical Pharmacology; CPT= Clinical Pharmacology &Therapeutic; EJCP= European Journal of Clinical 

Pharmacology; 
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Figure 2 Annual percentage of different types of statistical inference among abstracts containing any statistical inference for the 

publication years 1976 through 2016 
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Legend: any CI—any confidence intervals; any NHST— null hypotheses significance testing includes any use of ST or NHT regardless of CI reporting; 

any p value —reporting of either ‘‘p equals’’ or p value thresholds regardless of CI reporting; CI only— reporting of confidence intervals without 

continuous or categorical p values and without significance terminology 
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4. Discussion  

Our analysis of the two datasets of NIS on propiverine found age as the only factor con-

sistently but weakly associated with the initial dosing decision. Physicians prescribed 

higher doses to younger patients. This may reflect the dose selection based on the lower 

probability of side effects of antimuscarinics in younger subjects (Michel et al., 2008). 

On the other hand, factors such as duration of OAB syndrome, number of incontinences, 

voiding and nocturia episodes were associated with starting dose in one NIS, but not in 

the other NIS. Our results also suggest that, the number of baseline urgency episodes and 

change in incontinence episodes after 4 weeks were the only factors that were consistently 

associated with the decision to increase the dose from 30 to 45 mg in both studies. In 

contrast, height, basal number of nocturia episodes and change thereof were associated 

with dose escalation in one NIS, but not in the other NIS. According to previous RCTs 

(Wyndaele et al., 2011, Goldman et al., 2019, Cardozo et al., 2013) severity of the OAB 

baseline parameters, although not necessarily nocturia episodes, were the predictors for 

dose escalation, but another RCTs conducted by (Wagg et al., 2015) did not confirmed it. 

Similarly, smaller improvements of OAB symptoms upon initial treatment were associ-

ated with the decision to increase the dose in some studies (Cardozo et al., 2012, 

Wyndaele et al., 2011, Cardozo et al., 2013) but not in others (Wagg et al., 2015, Goldman 

et al., 2019). Moreover, when studying which factors were associated with the treatment 

outcome, we found that 45/45 cohort had slightly greater, and the 30/45 cohort slightly 

smaller efficacy as compared to the 30/30 group. In line with another study comparing 

dose escalator with non-escalator showed slightly smaller improvement, our analysis 

showed that compared to 45/45 group, starting, and staying at 30 mg or escalating to 45 

mg tended to have only minor effect on the overall treatment efficacy. However, some 

studies that did not apply complex models to overall treatment outcome found no differ-

ence in treatment outcomes of dose escalator and non-escalators (Wyndaele et al., 2011, 

Cardozo et al., 2012, Cardozo et al., 2013). Overall, our work showed the potential value 

of NIS to explore the factors associated with the initial dose selection by physicians under 

real life condition. The evidence generated from these two NIS support the concept that 

dose escalation helps to achieve clinically meaningful symptom improvements in patients 

where tolerability of the lower dose allows for dose increase. However, the study findings 

in this area are heterogeneous. To make a sound decision about the initial dose and further 

79



dose escalation, it is important to check the consistency of the findings across multiple 

databases (RCTs and other observational studies). 

In the context of the NIS with the retrospective data collection, by secondary anal-

ysis of the documented inpatient diagnosis in patient charts, we could classify only 2.9 % 

of all adverse drug events (ADE) coded as probable medication error and therefore as 

hospital acquired preventable adverse events (pADEs). Only for few cases, the cause for 

the medication errors could be identified, e.g., heavy workload, documentation errors and 

poor communication. In contrast, former studies reported higher prevalence of inpatient 

pADEs (Dequito et al., 2011, Davies et al., 2009). In total, three cases of suspected pre-

viously unknown non-preventable ADE (npADE) were identified. However, the low 

number and lack of information on the actual frequency of previously unknown ADE in 

hospitals hampers a final qualitative assessment of the potential of the routine data in this 

context. Therefore, evaluation of a larger sample is needed to assess the potential of rou-

tine data to detect the previously unknown npADE. On the other hand, our results showed 

that the majority of the ADEs coded in routine data are already mentioned in the summary 

of the product characteristics of the related drugs (SmPCs) which supports their potential 

use to provide a meaningful complement to existing drug surveillance system. Our study 

revealed that although the routine inpatient data could be used as markers for npADE and 

pADE (medication errors) but this a complex and challenging task. This is mainly because 

these data are not originally collected for the purpose of drug safety surveillance. Having 

a comprehensive and standardized acquisition, routine data can be effectively used as a 

complementary data source to detect medication error and might be one of the strategies 

that could be used in future to address the underreporting of the ADE. 

Given the limited quality of the large data generated through NIS, their statistical 

analysis and interpretation is challenging. While findings from NIS and RCT matched in 

many cases (Anglemyer et al., 2014, Benson and Hartz, 2000), they have been often crit-

icized as not replicating the results of RCTs (Hemkens et al., 2016, Collins et al., 2020, 

Mehra et al., 2020). For example, one RCT studied the association of the postmenopausal 

hormone therapy (HRT) and heart disease by comparing the initiators (incident users) 

with non-initiator of HRT and concluded that, the initiators have higher risk as compare 

to non-initiator (Manson et al., 2003). On the other hand, one NIS designed to answer the 
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same question by comparing the prevalent (current) users with the never users of  HRT, 

and found that the prevalent users have lower risks for heart disease versus never users 

(Grodstein et al., 2006). Most often, when the results of the NIS studies do not match with 

the RCT, the blame will be put on the NIS (Labrecque and Swanson, 2017); however, the 

underlying cause might be poor statistical knowledge or analysis approaches and not con-

sidering the sources of biases. For example, the non-replication reason in the above-men-

tioned studies (Manson et al., 2003, Grodstein et al., 2006) was not addressing the chro-

nology bias due to incident users and prevalent users. Moreover, our work with propiver-

ine shows that two studies of remarkably similar design can lead to distinct conclusions, 

apparently reflecting a limited robustness of findings and not a difference based on study 

design or methodology.  

We examined two common statistical errors in published medical literature. Our 

study on the normality of the OAB parameters showed the heterogeneity in the choice of 

measure of center and dispersion of data in the descriptive reporting of OAB parameters. 

Most investigators reported means of OAB symptoms and treatment-induced changes 

thereof without justifying the rationale behind their decision, although these parameters 

are not normally distributed. However, it appeared that the involvement of a statistician 

in the data analysis and/or peer review of the manuscript made it more likely to report 

medians. The difference between mean and medians for OAB symptoms and symptom 

differences is likely of clinical relevance and may potentially result in misinterpretation 

of study results on OAB symptoms. Furthermore, our systemic review on the prevalence 

of the statistical inferences in the abstracts of the publications in selected clinical phar-

macology publications showed that the practice of statistical inference reporting in ab-

stracts was heterogeneous among journals that we reviewed. The time trend showed that 

among the publications with statistical inference reporting significance testing was more 

prevalent than estimating. Although the time trend was accompanied by a remarkable 

increase in confidence interval (CI) reporting, but reporting of CIs might or might not 

reflect an emphasis on estimation over testing (Wasserstein and Lazar, 2016), as it easy 

to conduct null hypothesis testing (NHT) by inspecting CIs for the presence or absence 

of null values. Thus, CIs are increasingly reported to supplement, rather than to supplant, 

null-hypothesis significance testing (NHST). In line with a previous guideline paper 

(Michel et al., 2020), we would like to emphasize that presentation of statistical inference 
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should not be separated from an indication of effect size. An observation may be statisti-

cally significant but have an effect size of questionable biological/clinical relevance; on 

the other hand, the observed effect size may be sufficiently large to be of likely biological 

relevance but have a large p-value, which makes the finding inconclusive. As it is more 

likely to obtain statistically significant results in a NIS with large study population(Ioan-

nidis, 2005), caution need to be taken in reporting the casual inferences based on obser-

vational NIS study (Hernán, 2018, Collins et al., 2020). To make a causal inference from 

the results of a NIS, one need to emulate a target trial. The concept of the target trial 

emulation is defined as “the application of design principles from randomized trials to the 

analysis of observational data, with the aim of improving the quality of the observational 

epidemiology” (Labrecque and Swanson, 2017). Target trial emulation can help research-

ers to identify and avoid unnecessary biases (Labrecque and Swanson, 2017). However, 

emulating the core elements of gold standard RCTs is not always possible, e.g., we cannot 

emulate blinding (Labrecque and Swanson, 2017) and sometimes finding a target trial is 

difficult. There are many challenges for collecting and analyzing data using a NIS study 

design. “The pure “Gold” standard is unattainable. However there are several approaches 

to improve the post-study probability”(Ioannidis, 2005).Therefore, instead of focusing on 

the replication ability of the NIS, we should identify the sources of bias due to their study 

design. In future, a better statistical reporting might be ensured by improving the statisti-

cal knowledge of authors and applying a proper epidemiological method to adjust for the 

cofounders. 

In conclusion, RCT and NIS are both valuable and each has its own advantages, 

opportunities, and limitations. “All scientific work is incomplete- whether it be observa-

tional or experimental. All scientific work is liable to be upset or modified by advancing 

knowledge. That does not confer upon us a freedom to ignore the knowledge that we 

already have, or to postpone the action that it appears to demand at a given time” (Hill, 

1965). The observational data from a NIS can expand the knowledge from the RCTs and 

add to their generalizability. Optimally designed NIS can provide useful information 

about the effectiveness and safety of the medicinal product and can be used as a tool to 

monitor their benefit risk balance. Ideally, NIS and RCT should be used together to pro-

vide a more comprehensive understanding of a treatment or disorder. Therefore, NIS 
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should be considered as complementary rather than alternative to RCT. In future, the de-

velopment of standards by the regulators and other stakeholders would improve the data 

quality and prevent misuses of NIS. 

Strength and weakness of this dissertation. This dissertation is based on the real 

NIS studies that were conducted by commercial as well as non-commercial sponsors. This 

increased the robustness of our overall conclusion about the potentials of the NIS. Nev-

ertheless, given the lack of harmonization on the conduct and regulatory requirements for 

NISs, the results of this work are not generalizable to other NIS answering the similar 

questions. 
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5. Outlook 

A lot has changed in the drug development in the last few years. The RWE is revolution-

izing the pharmaceutical industry. Various stakeholders in healthcare such as regulators 

and payers are interested in RWE. The new clinical trial regulation introduced a new term, 

i.e., low-interventional clinical trial. Article 2 (2) (3) of REG 536/2014 defines it as “a 

clinical trial where the investigational medicinal products, excluding placebos, are au-

thorized and are used in accordance with the terms of the marketing authorization; or its 

use is evidence-based and supported by published scientific evidence on their safety and 

efficacy”(European Parliament, 2014). Furthermore, EMA supports the development of 

medicines for life threatening or orphan diseases, where there are unmet medical needs 

and issue a conditional marketing authorization based on less completed or limited evi-

dence on medicine if their benefits outweigh their risk. The application of RWE in med-

icine is currently extended to developing areas in drug development such as precision 

medicines (Breckenridge et al., 2019). It additionally provides opportunities in oncology 

and rare diseases where conduction of RCTs may face ethical issues or are not feasible at 

all (Breckenridge et al., 2019). This would contribute to more understanding of the dis-

ease also and could shift the focus of the medicine form the treatment to prevention. 

NIS is one of the tools to collect RWE; however, there is no global harmonization 

in the way that they are conducted and analyzed (Breckenridge et al., 2019, Koch et al., 

2020). Regulatory authorities and other stakeholders in health care system need to de-

velop infrastructure and data standard to promote sound research by encouraging rigorous 

data collection, analysis, and reporting. In April 2019, FDA issued a labeling extension 

for Ibrance® (palbociclib) to treat male breast cancer in combination with endocrine ther-

apy based on RWE (Wedam et al., 2020). The sources of this evidence were RWD from 

the EHRs, insurance claims and the safety information from the global safety database 

and post-marketing reports for palbociclib from FDA safety database (Wedam et al., 

2020). This shows the importance and recognition of the RWD, but whether the use of 

RWE become the standard for the regulatory decision-making is still unclear. 
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6. Summary 

Randomized clinical trials (RCTs) are the gold standard for evaluating efficacy and safety 

of medicinal products, particularly for obtaining marketing authorization. The evidence 

from RCTs has high internal validity due to randomization and, most often, blinding. 

However, their external validity is limited, as they collect data form a homogeneous study 

population, in an experimental setting for a relative short time. Therefore, there is an in-

creasing recognition that real world evidence (RWE) needs to complement RCTs. Large 

RCTs are challenging mainly due to high cost and difficulties in patient recruitment, thus 

RWE is mostly generated from observational studies, which are non-interventional (NIS). 

NISs have considerable external validity as they collect data from large number of par-

ticipants from normal treatment settings and are useful to collect real life information on 

drug safety. Nevertheless, absence of randomization and control group limit their internal 

validity and there are concerns about data quality and hidden biases. 

In this dissertation, we studied the value of NIS to determine factors associated 

with the initial dosing and up-titration of propiverine and study how dosing relative to 

other factors affects treatment outcome on overactive bladder (OAB) symptoms. Data 

from 2 prospective NIS of 1335 and 745 OAB patients, respectively, receiving propiver-

ine, were analyzed post-hoc, using multivariate analysis. Furthermore, as an example of 

a NIS with retrospective data collection, we evaluated the potentials of routinely collected 

inpatient data as a complementary source for existing drug surveillance systems. We sam-

pled 2326 cases using a standardized procedure and evaluated them regarding drug rela-

tion and preventability of event. Lastly, this thesis covers two common basic statistical 

reporting issues, as an implication for analysis and reporting. 

This work showed the potential of NIS to complement the evidence from RCT to 

improve the effectiveness of the treatment by providing guidance for choosing the correct 

dose. Moreover, we found out that routinely collected inpatient data in the context of a 

NIS study design could be used as markers for non-preventable adverse drug effects and 

medication errors, thus providing a meaningful complement to existing drug surveillance 

system. Finally, we highlighted the importance of a proper statistical analysis and report-

ing in the interpretation and reporting of the study finding in evidence-based medicine. 
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7. Zusammenfassung auf Deutsch 

Randomisierte klinische Studien (RCTs) sind der Goldstandard für die Bewertung der 

Wirksamkeit und Sicherheit von Arzneimitteln. Die aus RCTs gewonnene Evidenz hat 

aufgrund der Randomisierung und der Verblindung eine hohe interne Validität. Ihre ex-

terne Validität ist jedoch begrenzt. Daher wird zunehmend anerkannt, dass reale Evidenz 

(Real World Evidence, RWE) RCTs ergänzen muss. Große RCTs sind vor allem wegen 

der hohen Kosten und der Schwierigkeiten bei der Patientenrekrutierung eine Herausfor-

derung. Daher wird RWE meist aus Beobachtungsstudien generiert, die nicht-interventi-

onell (NIS) sind. Sie haben eine beträchtliche externe Validität. Nichtsdestotrotz schrän-

ken die fehlende Randomisierung und die fehlende Kontrollgruppe ihre interne Validität 

ein und es gibt Bedenken hinsichtlich der Datenqualität und versteckter Verzerrungen. 

In dieser Dissertation untersuchten wir den Wert der NIS, um Faktoren zu bestim-

men, die mit der anfänglichen Dosierung und Aufdosierung von Propiverin zusammen-

hängen und wie die Dosierung im Verhältnis zu anderen Faktoren das Behandlungser-

gebnis bei Symptomen der überaktiven Blase (OAB) beeinflusst. Daten aus zwei pros-

pektiven NIS von 1335 bzw. 745 OAB-Patienten, die Propiverin erhielten, wurden post-

hoc mittels multivariater Analyse analysiert. Darüber hinaus haben wir die Potenziale von 

routinemäßig erhobenen stationären Daten als ergänzende Quelle für bestehende Systeme 

zur Überwachung der Arzneimittelsicherheit evaluiert. Wir haben 2326 Fälle nach einem 

standardisierten Verfahren stichprobenartig untersucht und im Hinblick auf die Medika-

mentenrelation und die Vermeidbarkeit des Ereignisses ausgewertet. Schließlich werden 

in dieser Arbeit zwei grundlegende Probleme der statistischen Berichterstattung behan-

delt, die sich auf die Analyse und das Berichtswesen auswirken. 

Diese Arbeit zeigte das Potenzial der NIS, die Evidenz aus RCTs zu ergänzen, um 

die Wirksamkeit der Behandlung zu verbessern. Darüber hinaus haben wir herausgefun-

den, dass routinemäßig erhobene stationäre Daten im Rahmen eines NIS-Studiendesigns 

als Marker für nicht vermeidbare unerwünschte Arzneimittelwirkungen und Medikati-

onsfehler verwendet werden können und somit eine sinnvolle Ergänzung zum bestehen-

den Arzneimittelüberwachungssystem darstellen. Abschließend wurde die Bedeutung ei-

ner korrekten statistischen Analyse und Berichterstattung bei der Interpretation und Dar-

stellung der Studienergebnisse in der evidenzbasierten Medizin hervorgehoben. 
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