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Zielsetzung des Seminars

• Einblicke in die Arzneimittelanwendungsforschung 
(drug utiliziation research = DUR) geben

• Notwendigkeit für DUR in der Pharmako-
epidemiologie (PE) und Pharmakovigilanz aufzeigen

• Interesse für PE/DUR wecken
• Auf “exotische” Arbeitsplätze für Pharmazeuten 

hinweisen
• Beispiele aus der PE/DUR-Forschung zeigen bzw. 

diskutieren
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Inhalte des Seminars / Contents 

• Relevance of Drug utilization research in 
Pharmacoepidemiology

• Medication: assessment, drug treatment episodes, 
adherence and quality/safety

• Drug utilization studies - examples
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Arnzeimittelanwendungsforschung / 
Drug utilization research (DUR)

I. Definition

Drug utilization was defined by the World Health 
Organization (WHO) as the “marketing, distribution, 
prescription and use of drugs in a society, which special 
emphasis on the resulting medical, social, and economic 
consequences”

II. Concept and aims of drug utilization research (DUR)?
• Use of drugs in a society 
• Drug safety, effectiveness, over-/underutilization, cost
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Source: Strom BL.Textbook of PE 2013



Drug utilization research (DUR) is the key in 
pharmaceutical risk management 

Drug safety    =    drug    +    ‘context’

drug: specific characteristics of each drug such as data about
pharmacokinetics, -dynamics and -genomics, and known adverse drug 
reactions

‘context’: patient-related aspects such as severity of the disease, co-
morbidity, co-medication, susceptible phenotype, demographics and 
socioeconomic status, and usage environment (e.g., non-compliance, 
usage error, drug interaction)

• Drug utilization research investigates the ‘context’ of 
drug use in real-life patient care

5U Amann Source: Prof. Leufkens, Utrecht 2011



Common aims of drug utilization studies 
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To estimate drug utilization in a society (population) by: 
• User groups: 

• young vs. elderly persons (age)
• men vs. women (sex)
• ‘special populations’ = elderly, pregnant women or children
• social classes (high vs. low income)
• disease severity, patients’ comorbidity 

• Dose of treatment 
• prescribed daily dose vs. consumed daily dose

• Duration of treatment
• Indication: On- or Off-label (within a non-approved indication)
• Assessment of adherence to guidelines or medication adherence
• Frequency of relevant drug interactions
• Identification of over- or underutilization

U Amann



Notwendigkeit für DUR in der Pharmako-
epidemiologie (PE) und Pharmakovigilanz

• Results of DUR can be used as denominator data for calculating frequency 
of adverse drug reactions (ADR) in real-life patient care 

��������� �� ��� = ������ �� �������� ���� ���
������ �� ������� ������� 

• Reported frequency of ADR are based on ‚artificial‘ RCTs (small sample 
size, limited duration, homogeneous study population) often conducted 
before market approval

• DUR is sometimes required by the EMA/FDA for a newly-approved drug:

v Post-authorization safety study (PASS)
v Post-authorization efficacy studies (PAES)
v Post-marketing safety surveillance and Risk Evaluation and 

Mitigation Strategies (REMS) 

7U Amann

DUR, drug utilization research 



Drug utilization research (DUR) and related fields
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• Drug utilization research is part of Pharmacoepidemiology (PE)

• Drug utilization research links PE to Health Services Research 
(Versorgungsforschung)

Source: Elseviers M. Drug Utilization Research, Wiley 2016



Traditional description of DUR and PE

9U Amann Source: Elseviers M. Drug Utilization Research, Wiley 2016



Definition Pharmacoepidemiology?

U Amann 10

Clinical 
Pharmacology 

(CP)
Epidemiology

E. is the study of 
the distribution 
and determinants 
of health-related 
states or events 
in specified 
populations

Pharmaco-
Epidemiolgy

(PE)

PE is the study of the 
use and the effects of 
drugs in large 
numbers of people

CP is the study  
of the effects of 
drugs in humans

Source: Strom BL.Textbook of PE 2013



Contents 

• Relevance of Drug utilization research in 
Pharmacoepidemiology

• Medication: assessment, drug treatment episodes, 
adherence and quality/safety

• Drug utilization studies - examples
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How is drug use assessed?

Important data sources

• Databases on prescribed or dispensed drugs
• Administrative claims/insurance data (e.g., GePaRD in Germany)
• Population-based PE database (all Nordic countries)

• Health statistic database
• Report of dispensed drugs by pharmacies
• General Practice Research Database (UK), Health maintenance 

organizations (USA): used now as dedicated PE record linkage database

• Disease-based registries: medical charts, hospital discharge reports and 
self-reported drug intake by patients using a standardized questionnaire

• Field studies: patient interviews/questionnaire 
• Electronic medication list

12U Amann

GePaRD, German Pharmacoepidemiological Research Database, BIPS, Bremen



Exercise: Medication Assessment

Common Method of medication assessment
I. Administrative claims database: reimbursed ambulatory medication

II. Medical charts: drugs documented by physicians in general practice

III. Field studies: medication use reported by patients
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Discuss (dis)advantage of each method 
• Type of data source: Primary vs. secondary data
• Completeness: POM (Prescription Only Medicines), OTC (over the 

counter) drugs, restriction to specific disease or care (primary, 
ambulatory, hospital vs. ambulatory medication, privately vs. statutory 
insured persons

• Medication use vs. prescription, daily dose, duration of use, single vs. 
multiple prescribing

• Costs of data collection

U Amann



Prescription and OTC Medication use assessed with 
a standardized questionnaire or a software tool 

14U Amann

IDOM-Software tool

…to gather data on 
medication based on the 
information provided by 
study participants and the 
packaging they bring with 
them to the KORA or NAKO 
study center

KORA, Cooperative Health Research in the Region of 
Augsburg, Germany; NAKO, The German National Cohort

Source: https://www.helmholtz-muenchen.de

https://www.helmholtz-muenchen.de


International Anatomical Therapeutic Chemical 
(ATC) classification system of medications 
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Drugs are classified in groups at five different levels:
• 1st level (main group) to 5th level (chemical substance, INN, “drug”)
• Example: diabetes drug metformin à ATC code A10BA02

Source: https://www.whocc.no/atc_ddd_index/

INN: International non-proprietary name

U Amann

https://www.whocc.no/atc_ddd_index/


Defined daily dose (DDD)  

16

… defined as the assumed average maintenance dose per day 
for a drug used for its main indication in adults

Source: https://www.whocc.no/atc_ddd_index/

“Drug” metformin à DDD: 2 gram, administered orally 

“Medication” for example Metformin-ratiopharm
500mg, 850mg, 1000mg tablets, average maintenance 
dose: 500 or 850mg 2-3x daily, max. 3g/day

U Amann

https://www.whocc.no/atc_ddd_index/


German ATC classification with DDD

17
Source: https://www.dimdi.de/static/en/klassi/atcddd/index.htmU Amann

https://www.dimdi.de/static/en/klassi/atcddd/index.htm


DDD are used to prescribe total drug use in large 
populations
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Drug utilization per insured person in the German 
statutory health insurance in 2015 by age group

Source: Schwabe U et al. Arzneiverordnungs-Report 2016U Amann



DDD are used to compare drug use in different 
countries 

19
Source: https://de.statista.com/statistik/daten/
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https://de.statista.com/statistik/daten/


If a prescribed daily dose (PDD) is not know, the 
duration of a package can be estimated by the 
amount of defined daily dose (DDD)

Examples: 
• Metformin à DDD: 2 gram
• 1 package of `Metformin-ratiopharm 850mg`                   

120 tablets: 850mg*120/2000mg à duration: 51 days
• 1 package of `Metformin-Mepha 500mg` 50 

tablets: 500mg*50/2000mg                                            à
duration: 12.5 days

DDD are used to calculate duration of drug 
treatment episodes

20U Amann



Drug treatment episodes

21
Source: Gardarsdottir H. Thesis Utrecht University 2009  U Amann

• Level 1: Did/does the 
patient use drug x à
yes/no

• Level 2: + Dose and 
amount of a drug 
prescribed (à
estimation of the 
duration of a single 
prescription)

• Level 3: + multiple 
prescribing moments 
over time of the same 
drug



Medication adherence

• Appr. 50-80% of patients do not take medication as 
prescribed

• Medication-taking behavior is extremely complex and 
individual, requiring numerous multifactorial strategies 
(patient, physician, and health system) to improve adherence

• PE studies focusing on outcomes should consider:

Treatment à Adherence à Outcomes

22
Source: Brown MT et al. Mayo Clin Prac 2011U Amann



Definition of medication adherence and persistence
of the ISPOR work group 

• Medication adherence (synonym: compliance) 
• … defined as "the extent to which a patient acts in accordance with 

the prescribed interval, and dose of a dosing regimen." 
• How is the timing, dose, and frequency of a single drug in an 

individual patient? 

• Medication persistence
• … defined as "the duration of time from initiation to discontinuation 

of therapy.“
• Is a patient continuing the drug for the prescribed duration?

23

ISPOR: International Society for Pharmacoeconomics and Outcomes Research (https://www.ispor.org/)

Source: Cramer JA et al. Value Health 2008  U Amann



Medication adherence versus persistence
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(synonym: ADHERENCE) 

… to describe two aspects of medication-taking behavior 
(e.g., patient’s belief in the efficacy of medications, the severity of their 
illness, and their ability to control with medication)

Source: Cramer JA et al. Value Health 2008  U Amann



Drug safety and medication quality indicators as 
common ‘outcomes’ in PE/DUR studies 

25

• Adverse drug event (ADE): drug-related harm associated with 
any dose

• Adverse drug reaction (ADR): drug-related harm that results 
from a “normally used” dose

• Medication error: with or without harm
• drug interaction, double prescription, over/under dosing, wrong use 

of a medication, use in patients with contraindication

• Medication quality indicators 
• number of potentially inappropriate prescriptions in elderly persons 
• number of medication errors/100 patient days
• medication appropriateness index1

1 Hanlon JT Drugs Aging 2013U Amann



Medication Error or Adverse Drug Event (ADE)? 

26
Source: http://www.nccmerp.orgU Amann

2 relevant Questions:
• Has a drug-related 

patient harm occurred? 
• If yes, was the harm 

preventable? 
• Preventable ADE as a 

result of an medication 
error

• Non-preventable ADE 
occurring with 
appropriate use

http://www.nccmerp.org
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• Relevance of Drug utilization research in 
Pharmacoepidemiology

• Medication: assessment, drug treatment episodes, 
adherence and quality/safety

• Drug utilization studies – examples 
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Study designs in PE/DUR

28U Amann

Descriptive studies
• Case reports
• Cross sectional study
• Longitudinal observational study 

(prospective or retrospective design, 
e.g. “closed” cohort of exposed 
subjects)

Analytical studies
• Case-Control study
• Cohort study

Source: Elseviers M. Drug Utilization Research, Wiley 2016



Examples of drug utilization studies in special 
populations: 1) pregnant women

29U Amann



Examples of drug utilization studies in special 
populations: 2) Elderly persons (> 64 years)

30U Amann



Example of a drug utilization study in special 
populations: 3) pediatric patients

31

Aim of the study: 
• to investigate the prevalence and the risks of off-label 

antidepressant prescribing over time in Germany in minors 
aged 0 to 17 years

• to analyse prescribing patterns regarding age, sex, drug class, 
and type of off-label use

Source: Schröder C et al. Pharmacoepidemiol Drug Saf 2017U Amann



Prevalence of on- and off-label antidepressant 
prescriptions in 2011 by age group

32

• Antidepressants (ATC code N06A) exposure analysed in a 
cross-sectional design for the year 2011

Source: Schröder C et al. Pharmacoepidemiol Drug Saf 2017U Amann



Antidepressant off-label use in pediatric patients 
over time
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Result: 
• Total Off-label 

prescription share 
in Germany 
decreased from 
58.0% in 2004 to 
40.9% in 2011

• Most off-label 
prescriptions were 
off-label by age, 
followed by 
indication (most 
common 
hyperkinetic 
disorder) and by 
contraindication  
(medication or 
diagnosis)

Source: Schröder C et al. Pharmacoepidemiol Drug Saf 2017U Amann



Example of a drug utilization study with a new 
drug: oral anticoagulant Xarelto® (rivaroxaban)

34

Aim of the study: 
… to describe the “use” of rivaroxaban in Germany during a time 
period in which approval was limited to the prevention of venous 
thromboembolism (VTE) following hip or knee replacement. 
à “use” = distribution (prescribing and dispensing) by age, sex and potential 
indication; duration of use, and compliance with contraindications and 
precautions (e.g., potential interacting drugs)

Source: Jobski K et al. Eur J Clin Pharmacol 2014U Amann



On-label and non-label use of rivaroxaban

35

HR, hip replacement; KH, knee replacement

Results: 
• On-label use in 82.5% of 

episodes

• Off-label use (11.4%):
• 2.5% in cardiac indications
• 8.9% in non-labelled orthopaedic 

and surgical indications

Source: Jobski K et al. Eur J Clin Pharmacol 2014U Amann



Duration of rivaroxaban treatment 
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HR, hip replacement; KH, knee replacement
SPC, Summary of Product Characteristics

Results: 
Treatment duration 
exceeded recommen-
dations in 

• 95% of the KR 
episodes

and in

• 56% of the HR 
episodes

Source: Jobski K et al. Eur J Clin Pharmacol 2014U Amann



Compliance with contraindications and 
precautions

37

Rivaroxaban is contraindicated in: 
• Patients with hepatic disease associated with coagulopathy and clinically 

relevant bleeding risk
• Pregnant or breast-feeding women 
• Persons aged <18years
Cautions is to be taken in: 
• Patients with severe renal impairment (not recommended if creatinine 

clearance (CrCl) <15ml/min; caution if CrCl < 30ml/min)
• Patients receiving concomitant systemic treatment with potentially interacting 

drugs such as strong inhibitors of cytochrome P450 (CYP) 3A4 and P-
glycoprotein (P-gp)

Results: 

• No rivaroxaban prescription seen in patients younger than 18 years

• None of the women in childbearing age (n=31) was found to be 
pregnant during rivaroxaban treatment

Source: Jobski K et al. Eur J Clin Pharmacol 2014U Amann



Prescribing of potentially interacting drugs

38

Results: 
Prescribing of 
potentially interacting 
drugs in temporal 
relationship to 
rivaroxaban was rare 
except for non-steroidal 
anti-inflammatory 
drugs (NSAIDs)

Source: Jobski K et al. Eur J Clin Pharmacol 2014U Amann



Exercise: Journal Club “Reading scientific papers” 
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Methods of the rivaroxaban DUS 
• Study type?

• Data source?

• Study period?

• How was the duration of rivaroxaban treatment estimated?

• How was one treatment episode defined?

Source: Jobski K et al. Eur J Clin Pharmacol 2014U Amann

DUS, drug utilization study



Exercise / Answer
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Methods of the rivaroxaban DUS
• Study type? retrospective cohort study (‘claims database study’)

• Data source? One statutory health insurance included in the GePaRD
(German Pharmacoepidemiological Research Database)

• Study period? October 2008 (launch of Rivaroxaban in Germany) to 
December 2009

• How was the duration of rivaroxaban treatment estimated? Estimated by 
the amount of the dispensed tablets (Dose: 1 tablet a 10mg per day,          
ATC code B01AF01)

• How was one treatment episode defined? Subsequent prescriptions 
(continuous exposure), allowing for a gap of maximum 14 days

Source: Jobski K et al. Eur J Clin Pharmacol 2014U Amann

DUS, drug utilization study



Retrospective cohort study based on claims data 

41
Source: Study Protocol v1.1 (2011)U Amann

Definition of rivaroxaban exposure: 1 episode (continuous exposure) 
and total duration of exposure

Result: 

• 425 rivaroxaban 
user

• 440 treatment 
episodes



Retrospective cohort study based on claims data 

42
Source: Study Protocol v1.1 (2011)U Amann

Definition of observational (rivaroxaban exposure) and 
screening period



Examples of Drug utilization studies for health 
services research in Cardiovascular disease

43U Amann

With the aim to investigate …
• the adherence to guidelines, e.g. use of evidence-based 

medication after acute myocardial infarction 
• the impact of medication use on health outcomes (short- and 

long-term survival) in real-life patient care

Based on a epidemiological disease-based registry:
• MONICA/KORA Myocardial Infarction Registry Augsburg
• established for cardiovascular research since 1984 

Source: https://www.helmholtz-muenchen.de/herzschlag-info/

https://www.helmholtz-muenchen.de/herzschlag-info/
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1984 1990 1995 2001 2008 2014

MONICA

Monitoring of trends and
determinants in 
cardiovascular disease
(1984 to 1995): 

project coordinated by
WHO 

KORA

Kooperative Gesundheitsforschung in der
Region Augsburg – Cooperative Health
Research in the Region of Augsburg 
(since 1996)

Registry of MI and cardiac death

Surveys (S1-4) & Follow-up surveys (F4, FF4)

2018

MONICA/KORA Myocardial Infarction Registry

U Amann
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About 653.000 inhabitants

•aged 25-74 years:
- 216.000 men
- 214.000 women                   -

•aged 75-84 years:                       
- 21.000 men
- 29.000 women    

Population based MI registry
Study region Augsburg  

Study region: 1.901 km²

à About 1.700 cases of MI 
or cardiac death per year 
(5.000 suspected cases 
were screened per year)

131.000 inh.

246.000 inh.

286.000 inh.

U Amann
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The team

• 1 physician: Dr. med. Margit Heier
(since 01.04.2017 temporary head of the registry)

• 3 study nurses

• 0.5 secretary/responsible for death certificates

• 0.5 medical documentation specialist

Located at the Augsburg hospital, where approx. 
80% of all MIs in the study region are treated

MONICA/KORA
MI Registry



Evidence-based medications (EBMs) for patients 
with acute MI: standard of care since 2004*

47U Amann

A combination of the following drugs:

§ Antiplatelet agent (e.g. aspirin and/or clopidogrel) 
à to inhibit platelet aggregation

§ Beta-blocker
à to decrease heart rate, blood pressure and oxygen  

demand in the heart 

§ Statin
à to decrease LDL-cholesterol level in the blood

§ ACEI/ARB (angiotensin-converting enzyme inhibitor or 
angiotensin receptor blocker)
à to decrease blood pressure

*Source: Antman EM et al. ACC/AHA guidelines. J Am Coll Cardiol 2004



Medikamentöse Therapie bei Erstinfarkt (%)
MONICA/KORA Herzinfarktregister Augsburg

2012-2015

48
Quelle: KORA Herzinfarktregister am Klinikum 

Augsburg/Helmholtz Zentrum München U Amann
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Utilization of EBMs and the impact on long-term 
survival in real-life patient care

49U Amann



Use of the Evidence-Based-Medications (EBMs)   
at hospital discharge between 2000-2008

50U Amann Amann et al. Clin Res Cardiol 2014

2000-2008:
70.3 % with 4 EBMs
23.8 % with 3 EBMs*
4.6% with 2 EBMs
1.3% with 0-1 EBM

*3 EBMs:
no ACEI/ARB (13%)   
no Statin (7%)  
no Beta-blocker (2%)
no Antiplatelet (1.6%)

N=3.844 aged
28-74 year
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Survival rates:
•4 EBMs:     71.7 % (95 % CI 55.4–82.9 %)
•3 EBMs:     64.7 % (95 % CI 59.2–69.6 %)
•0-2 EBMs:  60.2 % (95 % CI 51.9–67.5 %)

Amann et al. Clin Res Cardiol 2014

Kaplan-Meier survival plots by EBM treatment  
for all-cause mortality

Median 
follow-up 
period of 
6 years 
after an 
acute MI



Cox proportional hazard regression model
4 EBMs versus 0-3 EBMs

52U Amann Amann et al. Clin Res Cardiol 2014

* Adjusted for:
age (cont.) and sex, employment, smoking, type of MI, 
reperfusion therapy (e.g. PCI), any in-hospital complication, 
history of stroke, diabetes, hyperlipidemia, and hypertension

Total (n=3,844) HR [95% CI] p-value

Unadjusted 0.52 [0.44-0.61] <.0001

Model 4* 0.63 [0.53-0.74] <.0001

Relative risk reduction of ? 37%

PCI: Percutaneous coronary intervention



Conclusion: EBM use & long-term survival after 
acute myocardial infarction

53U Amann Amann et al. Clin Res Cardiol 2014

• There is a high proportion of patients receiving all four 
guideline-recommended EBMs at hospital discharge.

• This observational study showed an association between 
EBM treatment and long-term survival.

• Patients with the four-EBM treatment showed a 37% 
reduction of long-term all-cause mortality risk compared to 
patients prescribed three or less EBMs.



Drug utilization studies in long-term survivors 
after acute myocardial infarction

54U Amann

Aim of the study: 
• to provide a comprehensive description of total medication 

use 3 or more years after an acute myocardial infarction
• to identify factors associated with secondary prevention 

medication use in long-term survivors



Data source of medication use: postal follow-up 
survey in 2011

55U Amann

Based on data from the population-based MONICA/KORA Myocardial infarction 
registry, Augsburg, Germany:

• Patients are interviewed during hospital stay and medication use are 
collected by review of medical chart and discharge report stay using a 
standardized questionnaire 

• Follow-up survey mailed to the registered persons still alive in 2011 including 
a question on medication intake within 7 days prior to the survey.

Amann et al. Eur J Intern Med. 2018



Medication use after median time of 6.1 years 
after acute MI

56U Amann Amann et al. Eur J Intern Med. 2018

Results: 

• N=1,667 drug user

• Total of 10,422 medications

• Polypharmacy (> 4 medications 
/person): 73.8%

• Use of secondary prevention 
medication (SPM) was high:

Ø Antiplatelet agents: 90.9%
Ø Beta-blockers: 86.7%
Ø Statins: 85.4%
Ø Renin-angiotensin-

aldosterone system blockers:
79.3%



Results: Several factors were associated with use 
of secondary prevention medication (SPM)  

57U Amann Amann et al. Eur J Intern Med. 2018

Results: 

SPM use several 
years after acute 
MI was 
associated with 
treatment at 
hospital discharge 
at index MI and 
patients’ 
comorbidities 



Summary: Aims of drug utilization studies (DUS)

58U Amann

• Different ‘aims’ of DUS:
• To analyze differences in utilization of drugs, e.g. between 

countries or regions 
• To analyze patient-related aspects and usage environment
• To analyze factors influencing the prescribing patterns of 

physicians 
• To assess and promote aspects of rational, guideline-based 

prescribing 

• Compared to ‘classical‘ PE studies with the aim…
• To assess the effectiveness and safety of drug therapy 



Pharmacoepidemiology (PE) is a dynamic 
research field with increasing level of complexity

59U Amann Source: Wettermark B. Eur J Clin Pharmacol 2013

• 1960s: thalidomide disaster, 
birth of PE to improve 
medication safety

• 1990s: growth of databases 
based on administrative 
claims data or medical 
records, development of 
methods (challenges of bias 
and confounding), linkage to 
clinical data or disease-based 
registries

• Ongoing monitoring of new 
medicines with increasing 
levels of complexity

• Future: linking drug 
utilization to genetic data

à increasing impact of PE on 
clinical medicine and rational 
use of drugs



Vielen Dank für Ihre Aufmerksamkeit! 
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Kontaktdaten

Dr. Ute Amann, MPH
Lehrstuhl für Epidemiologie
der LMU München am UNIKA-T Augsburg
Neusässer Str. 47
86156 Augsburg

Email: 
u.amann@unika-t.de                                
ute.amann@helmholtz-muenchen.de
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