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ABSTRACT 

 

Pharmacoepidemiology is the study of the utilization and effects of drugs with 

epidemiological methods in a large population setting. Many drugs used to treat 

children are either not licensed for paediatric use or prescribed outside the terms of 

the product license which may increase the risk of adverse drug reactions (ADRs). In 

publication 1 an assessment of the prevalence, determinants, and spectrum of off-

label medicine use in the paediatric population in Germany using the German Health 

Interview and Examination Survey for Children and Adolescents (KiGGS) is 

presented. The prevalence of paediatric off-label medicine use was 40.2% and 

determinants identified were: male sex, age 3 to 6 years, no migration background, 

high social status, living in small or medium sized cities, and a poor rated health 

status. Off-label medicine use was highest for cardiovascular medicines. Under-

dosing was the most frequent reason for off-label use. This could put drug children at 

risk of side effects, while not having the desired therapeutic effect. Clinical trials for 

investigation of paediatric medicines, education of health care professionals and of 

parents and carers are needed to ensure the rational use of medicines. 

A main focus of pharmacoepidemiology is the study of ADRs. Serious ADRs are 

usually rare but can be disabling, life-threatening, or even fatal. Due to rare, serious 

ADRs which can usually not be detected in the premarketing clinical trials, a 

substantial number of approved drugs had to be withdrawn from the market in recent 

years. Due to severe underreporting in spontaneous reporting systems, an active and 

timely monitoring of serious ADRs of marketed drugs is needed. 

The Berlin Case–Control Surveillance Study (FAKOS) was an active surveillance 

approach to study serious ADRs among the adult population of Berlin. In publication 

2 a case of severe sustained cholestatic hepatitis following temozolomide (TZM) 

identified in FAKOS is described and a review of similar cases reported to the Food 

and Drug Administration Adverse Event Reporting System (FAERS) is presented. 

Another fifteen cases were identified in the FAERS between 2007 and 2010. Careful 

monitoring of clinical and laboratory signs of hepatic injury is warranted in patients 

receiving TZM. 

In publication 3 characteristics of cases with drug-induced long QT syndrome 

(diLQTS/TdP) and its estimated incidence in Berlin and Germany are presented. The 

age-standardized incidence of diLQTS/TdP in Berlin was estimated to be 2.5 per 

million per year for males and 4.0 per million per year for females. Further measures 

are needed to better sensitize physicians for diagnosis and risk factors of this 

potentially life-threatening drug induced adverse event. 
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ABSTRAKT 
 

Wissenschaftlicher Fokus der Pharmakoepidemiologie ist die Untersuchung des 

Arzneimittelgebrauchs und der Wirkung von Arzneimitteln in der Bevölkerung. 

Zahlreiche Arzneimittel, die bei Kindern eingesetzt werden, haben für Kinder 

entweder keine Zulassung oder werden außerhalb der Zulassung (Off-Label-Use) 

verschrieben, was das Risiko von unerwünschten Arzneimittelwirkungen (UAW) 

erhöht. Die erste hier vorgelegte Veröffentlichung (Publikation 1) basiert auf den 

Daten des Kinder- und Jugendgesundheitssurveys (KiGGS) und präsentiert 

Prävalenz, Determinanten und Spektrum des Off-Label-Use von Arzneimitteln in 

Deutschland. Die Prävalenz des Off-Label-Use bei Kindern und Jugendlichen war 

40,2%. Dabei wurden folgende Determinanten identifiziert: männliches Geschlecht, 

Alter zwischen 3 und 6 Jahren, kein Migrationshintergrund, höherer Sozialstatus, 

wohnhaft in kleinen oder mittelgroßen Städten und ein reduzierter 

Gesundheitszustand. Die Analyse des Arzneimittelspektrums zeigte, dass Off-Label-

Use am häufigsten für kardiovaskuläre Arzneimittel berichtet wurde. Unabhängig vom 

medizinischen Fachgebiet, Altersgruppe und ATC-Kategorie war Unterdosierug die 

häufigste Ursache für einen Off-Label-Use. Dies könnte ein erhöhtes Risiko für 

Nebenwirkungen bedeuten, während gleichzeitig das Risiko besteht, aufgrund der 

Unterdosierung nicht den erwünschten therapeutischen Effekt zu erreichen. Es 

bedarf weiterer klinischer Arzneimittelstudien als Grundlage für eine Zulassung 

pädiatrischer Arzneimittel wie auch der Schulung von Gesundheitsdienstleistern, 

Eltern und Betreuern von Kindern für einen ordnungsgemäßen Umgang mit 

Arzneimitteln.  

Ein wesentliches Ziel der Pharmakoepidemiologie ist die Ursachenermittlung für 

UAW. Schwerwiegende UAW sind selten, aber sie können lebensbedrohlich oder 

tödlich sein. Aufgrund  von UAWs mussten in den letzten Jahren eine Vielzahl von 

Arzneimitteln zurückgezogen werden. Deshalb ist ein zeitnahes und effektives 

Monitoring schwerwiegender, seltener UAW notwendig. Die Berliner Fall-Kontroll 

Surveillance Studie (FAKOS) führte eine aktive Surveillance schwerwiegender, 

seltener UAWs bei Erwachsenen in Berlin durch. In der Publikation 2 wird ein in 

FAKOS identifizierter Fall schwerwiegender cholestatischer Hepatitis nach Einnahme 

von Temozolomid (TZM) berichtet. Zusätzlich wurde eine Literaturrecherche über 

ähnliche Fälle, die dem Food and Drug Administration (FDA) Adverse Event 

Reporting System gemeldet wurden, durchgeführt. Hierbei wurden weitere fünfzehn 

zwischen 2007 und 2010 gemeldete Fälle von cholestatischer Hepatits bzw. TZM-

assoziierter Cholestase identifiziert. Eine engmaschige Überwachung klinischer 

Krankheitszeichen und Laborwerte, die auf Leberschäden hinweisen könnten, ist bei 

mit TZM behandelten Patienten erforderlich.  

In der Publikation 3 wurden Fälle von Arzneimittel-induziertem Long QT Syndrom mit 

oder ohne Torsaden (diLQTS/TdP) dargestellt und die Inzidenz dieser seltenen, 

schwerwiegenden UAW für Berlin und Deutschland berechnet. Die 

altersstandardisierte Inzidenz von diLQTS/TdP in Berlin wurde auf 2,5 pro 1 Million 

Einwohner pro Jahr für Männer und 4,0 pro 1 Million Einwohner pro Jahr für Frauen 
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geschätzt. Aufgrund des teilweise lebensbedrohlichen oder tödlichen Verlaufs dieser 

UAWs wird empfohlen, Ärzte vermehrt für die Diagnosestellung und Erkennung von 

Risikofaktoren für diese UAW zu sensibilisieren. 
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INTRODUCTION 
 

Pharmacoepidemiology is the study of the utilization and effects of drugs with 

epidemiological methods in a large population setting (1).  

Many drugs that are used to treat children are either not licensed for paediatric use or 

they are prescribed outside the terms of the product license (off-label). Among 

medicines which were licensed by the European Medicine Agency (EMA) between 

1995 and 2005 only one third was specifically licensed for children (2). National and 

international studies based on prescription-, health care insurance-, or secondary 

care data, give a wide range (3.2-62%) of the prevalence of off-label medicine use in 

the paediatric population (3-5). One problem of off-label or unlicensed use of drugs in 

children is that the dose cannot be extrapolated from the adult dose, since children 

differ in pharmacokinetics and also in pharmacodynamics from adults and may 

require special galenic formulations to permit administration of adequate doses for 

their diseases (1). Up to now, population-based self-reported data on off-label 

medicine use for Germany was lacking. Publication 1 assessed the prevalence, 

determinants and the spectrum of off-label medicine use in the paediatric population 

in Germany using the German Health Interview and Examination Survey for Children 

and Adolescents (KiGGS). The KiGGS was, a population representative 

epidemiological survey conducted by the Robert Koch Institute (2003–2006) of non-

institutionalized children and adolescents aged between 0 and 17 years living in 

Germany (6). 

 

A main focus of pharmacoepidemiology is on unintended side effects of drugs - also 

called adverse drug reactions (ADRs). Serious ADRs are usually rare but can be 

fatal. It has been estimated that they represent between the fourth and the sixth 

leading cause of death in US hospitals (7). Due to unexpected serious rare ADRs 

which are very difficult to detect in premarketing clinical trials due to their limited 

sample, their short duration and their stringent inclusion and exclusion criteria, a 

substantial number of approved drugs had to be withdrawn from the market in recent 

years (8).  

Pharmacovigilance, an area within pharmacoepidemiology, is a type of continual 

monitoring of unwanted effects and other safety-related aspects of drugs that are 

already on the market. In practice, pharmacovigilance is based mainly on  the data of 

spontaneous reporting systems which allow health care professionals and recently 

also patients to report adverse drug reactions to a central agency (1). Spontaneous 

reporting systems provide a basis for generation of signals of drug risks, however, 

due to severe underreporting and often missing information in the ADR reports other, 

more proactive pharmacovigilance approaches are necessary (9). Since it is not 

possible to quantify drug risks within spontaneous reporting systems, 

pharmacoepidemiological studies are needed. The Berlin Case–Control Surveillance 

Study (FAKOS) was an active surveillance approach to study serious ADRs among 

the adult population of Berlin. It combined signal generation by ascertaining potential 

cases of serious adverse drug reactions with the possibility to quantify drug risks in a 
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case-control design. Each potential case was subjected to a standardized causality 

assessment based on the criteria of the World Health Organization (WHO) (10).  

 

Publication 2 

Temozolomide (TZM) was approved in 1999 by the Food and Drug Administration 

(FDA) and by the European Medicines Agency (EMA) and is indicated in combination 

with radiotherapy for the treatment of patients with newly diagnosed glioblastoma 

multiforme (GBM). The most frequent adverse drug reaction listed in the Summary of 

Product Characteristics is hematotoxicity (11). In contrast, hepatotoxicity has only 

been reported infrequently in the postmarketing period (11, 12). Publication 2 

presents the clinical course of a case of severe sustained cholestatic hepatitis 

following TZM treatment which was identified in FAKOS and an analysis of similar 

cases contained in the FDA Adverse Event Reporting System (FAERS) which is 

accessible on the internet. 

 

Publication 3 

Drug-induced long QT syndrome (diLQTS) leading to Torsade de Pointes (TdP) and 

sudden cardiac death is a serious ADR associated with drugs prolonging the QT/QTc 

interval. A number of drugs had to be withdrawn from the market after licensing 

because of diLQTS, including lidoflazine (1989), terodiline (1991), terfenadine and 

sertindole (1998), astemizole and grepafloxicin (1999), cisapride (2000), droperidol 

(2001), levomethadyl (2003) and thioridazine (2005). 

Due to its importance, diLQTS/TdP was one of the target diseases of the FAKOS 

study. The true incidence of diLQTS/TdP is largely unknown. The systematic 

ascertainment of cases with diLQTS/TdP in this study in all Berlin hospitals offered 

the opportunity to estimate the incidence of diLQTS in Berlin and extrapolate it to 

Germany and to further describe the characteristics of these cases.  
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METHODS 
 

Publication 1 

Data were obtained from the KiGGS survey conducted by the Robert Koch Institute 

between 2003 and 2006. This survey included 17,450 randomly selected interviewed 

children aged 0–17 years from Germany. Based on information provided by the study 

participants about the usage of each medicine (brand name, indication, dose, and 

frequency of use) and on characteristics of the study participants (age, height, body 

weight) a comparison was made with the summary of product characteristics (SPC) 

or patient information leaflet obtained from the German drug dictionary “Gelbe Liste” 

(www.gelbe-liste.de). Off-label medicine use was defined as the discrepancy 

between actual and licensed usage. Off-label use was further classified as off-label 

use by indication, by age, or by inadequate dose which was further characterized as 

too high or too low.  Each product could only be classified into one category. If the 

product was off-label in more than one category off-label by indication had the 

highest priority followed by off-label use by age, and over-dosing, and under-dosing, 

respectively. If the available data about the medicine used was imprecise, the 

preparation was classified as not-attributable. 

Descriptive statistics (proportions and 95% confidence intervals (95% CIs)) were 

calculated to estimate prevalence of overall drug use, on-label- and off-label 

medicine use according to sex, age, region of residence, urbanity, migration 

background, social status, and parents’ rated health status. 

In a multivariable logistic regression model, odds ratios (ORs) and 95% CIs were 

estimated. The dependent variable was off-label versus on-label medicine use. All 

variables of the descriptive calculation were included in the model as potentially 

determining factors. Group differences were considered statistically significant if the 

95% CIs of two prevalences did not overlap or the p-values were ≤ 0.05. All statistical 

analyses were performed using SPSS statistical software (release 20.0).  

 
 
Publications 2 and 3 are based on data from the FAKOS project. FAKOS was 

conducted from 2000 until 2011 as a pharmacoepidemiological project to study 

serious adverse reactions of drugs within the adult (≥18 years old) source population 

of Berlin (2.89 million inhabitants). In this active surveillance approach, patients with 

defined target diseases were identified in 51 collaborating hospitals (180 clinical 

departments of all disciplines of Internal Medicine including Cardiology, Psychiatry, 

Neurology, Anaesthesiology, and Emergency Room Care) in Berlin. Between 2002 

and 2011 and between 2008 and 2011, FAKOS included acute hepatitis and 

LQTS/TdP as target diseases, respectively.  

The concept of the study was presented in the participating hospitals/departments 

and physicians in participating hospital departments received the study materials 

including a checklist for each target disease with inclusion and exclusion criteria to 

allow a rough screening among their patients for recruitment. To actively identify 

cases, FAKOS contacted these physicians every 2–4 weeks by fax, e-mail, or 

telephone asking for possible cases. After notifying a patient with the target disease 

http://www.gelbe-liste.de/
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to the study center, an initial telephone call with the treating physician was conducted 

to check the inclusion and exclusion criteria. In case of patient eligibility, a trained 

staff member of FAKOS obtained the patient’s informed consent and conducted a 

standardized personal interview in the hospital, ascertaining all relevant information. 

The results of all relevant laboratory tests and other diagnostic and therapeutic 

information was documented by the treating physician and served subsequently for 

case validation – i.e. whether the patient fulfilled the inclusion and exclusion criteria. 

Previous (4 weeks before the index date) and current drug intake was ascertained in 

a face-to-face patient interview and from the medical charts. A possible drug etiology 

was assessed for each case in a standardized causality assessment according to the 

criteria of the WHO assessment method which included the categories ‘certain’, 

‘probable’, ‘possible’, ‘unlikely’, ‘unclassified’, and ‘unclassifiable’(10). A drug reaction 

was evaluated as ‘certain’, when the time relationship to drug intake was plausible, 

other causes could be ruled out, a clinically reasonable response on drug withdrawal 

(‘positive dechallenge’) was observed, and the same symptomatology/disease was 

observed on re-exposure to the same drug (‘positive rechallenge’). The causality 

assessment was ‘probable’, when the target disease occurred with a reasonable time 

sequence to administration of the drug, it was unlikely to be attributed to other 

causes, and a positive dechallenge was observed on drug withdrawal. The drug 

reaction was classified as ‘possible’, when there was a plausible time sequence to 

drug intake; however, another cause could not be ruled out and information on 

dechallenge was lacking, unclear, or negative. For all drugs involved, an extensive 

literature search from published case reports was performed, which aimed to retrieve 

all available information regarding the effect of the individual drugs on the target 

disease. Suspected drugs were grouped according to the Anatomical Therapeutic 

Chemical (ATC) Classification System (13) and analyzed by descriptive statistics.  

FAKOS was supported by a grant from the Federal Institute for Drugs and Medical 

Devices (BfArM) in Germany. The study was approved by the Ethics Committee of 

the Charité – Universtitätsmedizin Berlin; informed consent was obtained from all 

patients who participated in the study. The methods of FAKOS have been described 

in a number of publications which have contributed to the description of rare, serious 

drug risks (14-19).  

 

Publication 2 

The case report of temozolomide was based on the FAKOS hepatitis case definition. 

Patients having an age of ≥18 years and a new diagnosis of drug-induced liver injury 

(DILI) or hepatitis of unknown origin were included in the study. Inclusion laboratory 

criteria were an elevation of alanine aminotransferase (ALT) or aspartate 

aminotransferase (AST) threefold above the upper limit of normal (ULN) or an 

elevation of total bilirubin higher than 34.2µmol/l (= 2mg/dl). Excluded were patients 

with underlying liver disease (including among others acute or chronic viral or other 

infectious hepatitis, alcoholic fatty liver disease, autoimmune hepatitis, liver tumors or 

hepatic metastases, extrahepatic bile duct obstruction, ischemic hepatitis or 

congestive hepatopathy). In case of isolated bilirubin elevation, primary 
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hyperbilirubinemias, such as Gilbert-Meulengracht syndrome, and obstetric 

cholestasis were additional exclusion criteria. The index date was defined as the date 

of the elevation of liver enzymes or bilirubin or the onset of clinical signs of hepatitis, 

whichever occurred earlier. 

 

The analysis of the FDA Adverse Event Reporting System (FAERS), a database that 

contains information on adverse event and medication error reports submitted to the 

FDA, comprised the period between the first quarter of 2007 and the last quarter of 

2010. The first search criteria were the names of TZM-containing drugs: 

“Temozolomide”, “Temodal”, “Temodar”, and “Temozomide”. We ascertained all 

hepatitis reports where TZM was labeled as “primary suspect”. TZM drugs specified 

as “secondary suspect” or “concomitant” were not considered in our analysis. The 

search criteria for hepatitis searched for adverse events listed as preferred terms in 

the Medical Dictionary for Regulatory Activities (MedDRA). Reports containing the 

following terms were analyzed: “hepatic failure”, “acute hepatic failure”, “hepatitis”, 

“hepatitis acute”, “hepatitis fulminant”, “hepatic function abnormal”, “hepatic 

encephalopathy”, “hepatotoxicity”, “hepatitis cholestatic”, “cholestatic hepatitis”, 

“cholestasis”, “hepatic steatosis”, “hepatic enzyme increased”, “hepatic necrosis”, 

“cholelithiasis”, “hepatic lesion”, “liver disorder”, “liver injury”, “jaundice”, “hepatic 

injury”, “cholestatic liver injury”, and “jaundice cholestatic”. Multiple reports of the 

same adverse event were identified and consolidated by linking the Individual Safety 

Report (ISR) code, unique for every single report, with a case report (CASE) code, 

unique for every single case of adverse event. 

 

 

Publication 3 

Patients included in FAKOS for this target disease had to have an age of ≥18 years 

and electrocardiographic evidence of a heart rate corrected-QT prolongation of 

≥450ms for men and ≥470ms for women (a normal QRS interval duration provided), 

and at least one of the following clinical signs/symptoms: (i) electrocardiographic 

evidence of TdP (at least three consecutive QRS complexes with alternating axis); (ii) 

successful cardiac resuscitation; (iii) syncope; or (iv) severe dizziness. The QT 

interval was corrected for the heart rate by using Bazett’s formula (QTc = QT/RR). 

Patients with complete bundle-branch block (BBB), an implanted cardiac pacemaker, 

or an implanted cardioverter-defibrillator were excluded. For case validation all ECGs 

were manually re-measured by an experienced ECG reader and a detailed review of 

each case by a cardiology expert was required. 

For estimating the annual incidence rate of diLQTS/TdP in Berlin, all validated 

diLQTS/TdP cases within the study period from March 2008 to December 2011 were 

considered. The average crude annual incidence rate of diLQTS/TdP per million 

population was calculated by the number of these events divided by the person-time 

at risk during the study period (3.83 years) multiplied by one million. For this 

calculation, the size of the adult population in Berlin was taken with 2.89 million 

inhabitants as has been published in 2010 (20). The denominator thus included 
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11.10 million person-years at risk (2.89 million inhabitants × 3.83 study years). The 

crude annual Berlin incidence rate was standardized by age and sex with the direct 

method using the German Standard Population (20) for the year 2010 as reference 

population. 

 

 

RESULTS 
 

Publication 1 

Among those children who had used medicines in the last seven days of the 

interview (n= 8,899) off-label use was present in 3,610 subjects, resulting in a 

prevalence of 40.2% (95% CI 38.8-41.5%). Even though girls had a significantly 

higher prevalence of drug use than boys (53.1% vs. 48.7%), the prevalence of off-

label use was significantly higher in boys (41.4%), also in children aged 3 to 6 years 

(48.7%), in those living in small (42.0%) or medium sized cities (41.6%), and in those 

with a poor parent’s rated health status (41.7%). Off-label medicine use was highest 

(67.2%) for preparations of the cardiovascular system (ATC-code C00) and lowest 

(13.3%) for drugs of the urogenital tract and sex hormones (ATC-code G00). The 

most frequent reason for off-label medicine use among all age groups, all origins of 

medicine and all ATC-classes was “under-dosing”, followed by off-label use by 

“indication”. Under-dosing was significantly more frequent in over the counter (OTC) 

products compared to prescribed medicines (19.3% vs. 16.1%). In contrast, off-label 

use by indication was significantly higher for prescribed medicines than in OTC 

products (4.8% vs. 3.5%).  

 
Publication 2 

A 51-year-old male was diagnosed with glioblastoma multiforme (GBM) having at that 

time a normal serum level of AST. Radiotherapy combined with TZM (75 mg/m2 per 

day p.o.) was initiated. Immediately after completing the radiochemotherapy regimen, 

the patient suffered from nausea, vomiting and generalized jaundice. At that time he 

had a markedly increased serum level of ALT, a moderately increased serum level of 

AST, a markedly increased total bilirubin and an increased alkaline phosphatase 

(AP), with an ALT/AP ratio of 1.75, indicating cholestatic hepatitis. Because the liver 

injury was considered as possibly drug-induced, it was recommended not to proceed 

with the adjuvant TZM as monotherapy. A viral etiology of the acute cholestatic 

hepatitis was excluded by serological testing. Tests were negative for autoimmune 

hepatitis markers as well. Liver biopsy was performed and histological examination 

showed a pattern of cholestatic hepatitis considered consistent with toxic liver injury 

most likely caused by TZM. A few weeks later the patient died. 

 

The analysis of the FAERS database for the years 2007–2010 retrieved 198 single 

adverse event reports of TZM-associated hepatotoxicity corresponding to 154 single 

cases. The most frequent adverse hepatic event related to TZM was “hepatic function 

abnormal,” with 48 single reports. Among the 154 identified single cases, 16 were 
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diagnosed as cholestatic hepatitis or cholestasis. Our above-described case was also 

included there so that another 15 cases were identified in FAERS.  

 

Publication 3 

Between March 2008 and December 2011, 170 possible LQTS cases were notified to 

the study center. Of those, 48 did not fulfil the inclusion or exclusion criteria, 16 were 

not able to conduct the personal interview and 8 declined to participate in the study. 

From the remaining 98 cases, 40 were not confirmed after the validation process 

because of normal QTc after re-measure, absence of clinical symptoms or existence 

of right bundle branch block. From the validated 58 LQTS/TdP cases, the majority 

(66%) were female and the mean age was 56.7 ± 19.7 years. Thirty-five cases (60%) 

had developed their index event in the outpatient setting, while 23 (40%) had 

developed it while staying in a hospital. The majority of the cases (60%) were treated 

in a cardiology department. The presentation of clinical signs or symptoms 

accompanying LQT/TdP varied and most of the cases (62%) presented with more 

than one. Electrocardiographic evidence of TdP was found in 57% (n = 33) of the 

cases, 43% (n = 25) underwent cardiac reanimation, 48% (n = 28) presented with 

syncope, and 40% (n = 23) with severe dizziness. Among these symptomatic cases, 

42 (72%) presented a QTc  500ms, defined as severe QTc prolongation (maximum 

observed QTc = 741ms). Besides female sex, hypokalemia (potassium level  3.5 

mmol/L) was the most frequent known risk factor among LQTS/TdP cases. Thirty-five 

out of 58 cases (60%) were assessed as drug-related and thus categorized as 

diLQTS/TdP. The majority (63%) of these were of female sex and their mean age 

was 61.1 ± 18.7 years. Among these cases, 22 (63%) presented with TdP, 16 (46%) 

underwent cardiac reanimation, 14 (40%) presented with syncope, and 14 (40%) with 

severe dizziness. The potassium level at the event date was available in 20 out of 35 

cases. The majority of these cases (60%) had hypokalemia at the event date ranging 

from 2.11 to 3.40 mmol/L. 

A total of 42 different drugs were assessed as at least possibly related to LQTS/TdP, 

and some of these drugs were assessed as related several times. The number of 

possibly related drugs varied between 1 and 4 per case. For 12 cases, only one drug 

was assessed as related, for a further 12 cases two drugs, for 9 cases three drugs, 

and for 2 cases four drugs, respectively. The most frequently suspect drug groups 

were psycholeptics/psychoanaleptics (ATC N05, N06), drugs from the cardiovascular 

system (ATC C01), and anti-infectives (ATC J01). Drugs assessed as related in more 

than two cases included metoclopramide, amiodarone, melperone, citalopram, and 

levomethadone. 

The calculated annual crude incidence rate of diLQTS/TdP in Berlin was 3.2 per 

million person-years. Adult males in Berlin had a diLQTS/TdP incidence rate of 2.5 

per million person-years, while it was 4.0 per million person-years for adult females. 
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DISCUSSION 
 

Publication 1 

The prevalence of off-label use among medicine users identified in our study was 

40.2%. This differs from other international studies results (3-5). However it is not 

possible to compare our results to these studies as there are differences with respect 

to the study design, study population and observation periods. While the KiGGS 

study population included no hospitalized and mainly healthy children, previously 

published studies included hospitalized and intensive care patients (4). In contrast to 

other studies which were based on prescription data (5), health insurance data (3), 

secondary care data (21), or medication sales, the KiGGS study was based on face-

to face interview information in a representative pediatric population in Germany, 

enabling the analysis of not only prescription drugs, but also OTC drugs in children. 

The findings of this study are generalizable with respect to off-label use of medicines 

among children and adolescents aged 0–17 years in Germany. However, as the 

information regarding the use of medicines was provided by parents and/or 

supplemented with information from the adolescents, underascertainment of 

medication use (in contrast to electronic healthcare database information) has to be 

considered. In order to minimize this effect, parents and children/adolescents were 

asked to bring along packages from all products recently used.  

Off-label medicine use in children bears the risk of potential health hazards such as 

ADRs (22, 23). Even though in our study the most frequent reason for off-label 

medicine use was underdosing, from a pharmacological point of view idiosyncratic 

ADRs can occur at any dose, whereas the desired effect is the one related to the 

dose. This could put children using off-label medicines at risk of side effects without a 

therapeutic effect. Inappropriate dosing is of particular concern for antibiotic use with 

respect to the development of antibiotic resistance. In our study 36% of antibiotics 

were used off-label and among those 58% were underdosed. Under-dosing was also 

significantly more frequent in OTC products (19.3%) than in prescribed products 

(16.1%). Overall off-label use of OTC medicines accounted for 30.3%. Our results 

indicate that a more rational and appropriate use of medicines in the paediatric 

population is required including a better consultation in pharmacies for OTC drugs in 

order to ensure a more safe and effective pharmacotherapy. 

 

Publication 2 describes a case of a severe sustained cholestatic liver injury that 

occurred in close temporal relation to TZM treatment. This liver injury was not 

associated with a previous or concurrent liver disease. Serological testing for viral 

etiology and for an autoimmune hepatitis was negative. The diagnosis was confirmed 

by histopathological and ultrasonographic examinations that did suggest a toxic 

etiology and which considered the hepatitis most probably related to TZM. This case 

appears to be the third published case of severe sustained cholestatic hepatitis 

associated with TZM, although the two other case reports (24, 25) have not 

emphasized the aspect of sustained cholestatic liver damage after TZM withdrawal. 

In our case as well as in the case report published by Goldbecker, et al. (25), TZM 
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was co-administered with pantoprazole. Even though pantoprazole is known to 

induce elevation of liver enzymes, according to a recent review by Thomson et al. 

(26) pantoprazole has not been associated with hepatitis. Furthermore, before TZM 

was initiated, our case had received pantoprazole for four weeks without signs of liver 

toxicity.  

In a recent report of the Drug Commission of the German Medical Association (AkdÄ) 

cases treated with TZM who developed liver damage and subsequently fatal liver 

failure are mentioned. The liver toxicity can develop many weeks after the start of 

TZM therapy (27). 

A very recent Dear Healthcare Professional Letter informing on the association 

between severe hepatotoxicity with the use of TZM was sent out in Croatia. In this 

letter it is written that hepatotoxicity may appear several weeks from the beginning of 

therapy or even after stopping the treatment with TZM. It is also stated that blood 

tests for liver values should be carried out before the beginning of the treatment. In 

case of discrepancies from normal values, the decision on the treatment with TZM 

should be carefully considered based on the benefit/risk assessment for the 

individual patient. 

Our case report has contributed in increasing awareness on this serious ADR. 

 

There are serious ADRs that are still underestimated (28). While pharmacovigilance 

refers almost exclusively to spontaneous reporting systems, in order to better monitor 

unwanted effects and other safety-related aspects of marketed drugs it is of great 

relevance to consider continuous active surveillance approaches such as FAKOS in 

the field. 

 

Publication 3 

To our knowledge, this was the first study that provided an estimate of the incidence 

of diLQTS/TdP based on a prospective active surveillance approach. While based on 

the pharmacovigilance spontaneous reporting system, the annual reporting rate of 

diLQTS/TdP in Germany was 0.26 per million person-years, with our active 

surveillance approach the crude incidence of diLQTS/TdP was considerably higher 

(3.2 per million person-years). The incidence based on FAKOS data could be even 

higher, since we were not able to validate 24 possible cases because they either 

declined to participate, were not able to conduct the interview, or because they had 

died. Furthermore, completely undetected cases are likely, if hospitals failed to notify 

all possible cases to the study center. Also, other patients may have died due to 

sudden cardiac death, making the diagnosis of diLQTS based on an ECG as 

required in the FAKOS study impossible. However, this underascertainment may 

have been partly counterbalanced by also including cases with a ‘possible’ causal 

drug relationship in the estimate of diLQTS/TdP, since not in all possible cases the 

drug may have had a causal role. On the other hand, if we had only included cases 

with a ‘probable’ causal relationship, underascertainment of diLQTS/TdP would have 

been highly likely, since most patients were taking more than one drug and therefore 

would have received a causality assessment of ‘possible’. 



16 

 

A substantial fraction (60%) of all validated LQTS/TdP cases was attributed to drug 

therapy. Our study has identified as possible causes of LQTS/TdP some drugs that 

were not listed in the ARIZONA CERT List (29), an online source which updates 

drugs suspected to cause LQTS/TdP on the basis of clinical evidence from the 

literature and drug labelling information. This was the case for mirtazapine (two 

cases), fentanyl (one case), terlipressin (two cases), melperone (three cases) and 

olanzapine (two cases). These drugs were also identified in other studies and case 

reports suggesting that they may induce LQTS/TdP (30-33). 
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Abstract

Background: Population-based self-reported data on off-label medicine use independent from health care
provisions are lacking. The purpose of this study is to investigate off-label medicine use in children and adolescents
in Germany in a non-clinical setting and to identify prevalence, determinants and spectrum of off-label
medicine use.

Methods: Data were obtained from the German Health Interview and Examination Survey for Children and
Adolescents (KiGGS) conducted by the Robert Koch Institute (2003–2006). 17,450 randomly selected children aged
0–17 years took part in the drug interviews. Of those, 8,899 took at least one medicine during the 7 days preceding
the interview. Off-label medicine use was defined as the discrepancy between actual use and the intended use
described in the summary of product characteristics. Off-label medicine use was stratified into off-label indication,
off-label age, off-label over-dosing, and off-label under-dosing.

Results: The prevalence rate of off-label medicine use among those who used medicines amount of is 40.2%. The
prevalence rate is significantly higher in boys (41.4%), in children aged 3 to 6 years (48.7%), without migration
background (40.9%), with high social status (42.5%), living in small (42.0%) and medium sized cities (41.6%), and
with a poor parents rated health status (41.7%). 12,667 preparations (attributable in respect to off-label use) were
taken by 8,899 children. 30% of the medicines have been used off-label. Off-label medicine use was highest in
preparations of the ATC-class “C00 Cardiovascular System”. In all origins of medicine, all age groups and all
ATC-classes under-dosing was the most frequent reason for off-label medicine use.

Conclusions: There is a considerable level of self-reported off-label medicines use in the general paediatric
population. Further investigations are needed to examine in how far off-label medicine use is based on lack of
knowledge or on empiricism in paediatric pharmacotherapy. Attention also needs to be paid to under-dosing
which potentially exposes drug users to risks of side effects without the benefit of a therapeutic effect. Clinical trials
for licensing of paediatric medicines, education of health care professionals, but also of parents and carers are
needed to ensure the rational use of medicines.
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Background
Off-label medicine use among children and adolescents
constitutes an important public health issue as the ef-
fects and potential health risks may be unpredictable.
Pioneering work in this area was conducted already in
the year 1953 by the paediatrician F. Dost [1] who
stated, that children differ pharmacokinetically from
adults, and medication for adults cannot simply be ad-
ministered in smaller doses. As children differ in their
absorption, distribution, metabolism, and excretion of
medicine, they have special needs with respect to their
diseases and the dosing of medicines and they often re-
quire special formulations to permit administration of
adequate doses. Particularly young children are unable
to swallow tablets and are vulnerable to the taste of
medicine. However, many medicines are not specifically
developed for children. Among medicines which were
newly licensed by the European Medicine Agency
(EMA) between 1995 and 2005 only one third was spe-
cifically licensed for children [2]. There is hope that this
situation will improve with the Paediatric Regulation [3]
which came into force in 2007 and which requires com-
panies to develop a paediatric investigation plan (PIP),
while granting incentives once a license for paediatric
use has been obtained. Nevertheless, up to date there is
still a high use of off-label medicine in children. National
and international studies report a wide range of preva-
lence rates of off-label medicine use in children and ado-
lescents, reaching from 3.2% to 80% [4-18].
Studies reporting the extent of off-label medicine use

in the paediatric population are based on various data
sources, such as prescription-, health care insurance-, or
secondary care data. However, to our knowledge there
are no representative self-reported population based data
available. With the National Health Survey for Children
and Adolescents (KiGGS) [19] for the first time repre-
sentative self-reported data are available for analyzing
the exposition to off-label medicine use in the general
population of children and adolescents in Germany.
The present study utilizes population representative

epidemiological data of KiGGS to investigate off-label
medicine use in children and adolescents in a non-
clinical setting and independent from any health care
provisions. The objectives of this study are to assess the
prevalence rates, determinants and spectrum of off-label
medicine use. Furthermore, the spectrum of off-label
medicine use will be analyzed with respect to prescribing
status as well as in relation to the substance group.

Methods
Data collection and study population
Data for this study were collected within the German
Health Interview and Examination Survey for Children
and Adolescents (KiGGS) formally conducted by the
Robert Koch Institute between May 2003 and May 2006.
The survey’s target population consisted of all non-
institutionalized children and adolescents aged between 0
and 17 years living in Germany. The design, sampling
strategy and study protocol have been described elsewhere
in detail [18]. Briefly, two-stage sampling procedures were
applied. In the first stage, a sample of 167 German munici-
palities (112 in the former West Germany, 55 in the
former East Germany) was drawn which was representa-
tive of municipality sizes and structures in Germany.
Stratified by sex and age, random samples of children and
adolescents between the ages of 0 and 17 years were then
drawn from local population registries in proportion to
the age and sex structure of Germany’s child population,
including children and adolescents with a foreign national-
ity. Children, who were at time of survey, in hospital or
medical nursing institutions were excluded. Among the
selected study participants the response rate was 66.6%. A
non-responder analysis was carried out to secure the rep-
resentativeness of the sample [19].
The final sample included 17,641 children and adoles-

cents (8,985 boys, 8,656 girls). All participants were invited
to the study centres and asked to take part in the following
data collection methods: to complete self-administered
questionnaires, to participate in computer-assisted struc-
tured interviews administered by physicians, to undergo
laboratory and other tests, and to take part in physical
medical examinations. Part of the physical medical exami-
nations was the documentation of standardized anthropo-
metric measures, of those, only the measurement of body
weight and height were relevant for this study. Other
relevant data for this study were collected via the self-
administered questionnaires (socio-economic status, mi-
gration background, parent-rated subjective health status
of their children), and the personal computer assisted in-
terviews administered by physicians (drug-use interview).
191 study participants did not take part in the drug-use

interview and were excluded, resulting in a basic popula-
tion of 17,450 (8,880 boys, 8,570 girls). Of those only par-
ticipants with at least one medicine usage (n = 8,899) were
included in our analyses of off-label medicine use.
The survey was approved by the Ethics Committee of

the Virchow Hospital, Humboldt University Berlin and
federal data-protection officials. Written, informed con-
sent was obtained prior to each interview and examin-
ation from the children’s parents and the children
themselves if they were aged ≥ 14 years.

Definition of health-related and socio-demographic
variables
While written, informed consent for participation in in-
terviews and examinations was obtained from all par-
ents/guardians as well as from children, aged ≥ 14 years,
children could already at the age of 11 years or older fill
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in a standardised child questionnaire. The parent’s ques-
tionnaires were completed by the parents/guardians for
all children, also for adolescents who had completed the
standardised child questionnaire. These questionnaires
were used to collect e.g. information on socio-economic
data, family background, parent-rated child health status,
and health-related living conditions. A family socio-
economic status (SES) score was computed based on in-
formation obtained from both parents (if possible). The
SES-score included information on the educational level,
vocational status and the family net income [20]. After
computing a total score from the above mentioned items
with a minimum of 3 and a maximum of 21 points,
study participants were assigned to one of three status
groups depending on their individual score [20]. Partici-
pants were thus assigned to low, middle or high SES.
Family immigration status was assessed using infor-
mation on nationality, country of birth, and year of im-
migration of both parents. Study participants were
classified as having an immigration background if they
themselves were immigrants from another country and
at least one parent was not born in Germany, or if both
parents were immigrants or not of German nationality
[21]. Living in East or West Germany as well as living in
rural or urban areas was assessed by items concerning
the place of residence. Depending on the number of
inhabitants, communities were distinguished as rural
(< 5,000), small-sized urban (5,000 - < 20,000), medium-
sized urban (20,000 - < 100,000), and large city (100,000
and more). Parents rated the general health status of
their children as ‘’excellent’, ‘good’, ‘moderate’, ‘bad’ or
‘very bad’. Because of the small numbers, within the last
three categories they were summarised as ‘moderate/
bad/very bad’.

Assessment of medicine use
The use of any medication in the last seven days, including
prescribed and OTC drugs was assessed in a face-to-face
interview. The interviews were conducted by physicians
using a standardized computer-assisted personal drug use
interview tool [22]. All survey participants and parents
were asked in advance to bring prescriptions or original
packages to the examination site to facilitate the investiga-
tion and verification of drug use. Drug use was assessed by
the following question:

‘Has your child taken any drugs in the last seven
days? Please also mention the use of any ointments,
liniments, contraceptive pills, vitamin and mineral
supplements, medicinal teas, herbal or homoeopathic
medicines’.

Details on every drug mentioned were collected
such as brand name, indication, daily dose, route of
application, frequency of intake, origin of the drug
and duration of use.
Specific Anatomical Therapeutic Chemical codes (ATC-

codes) were assigned to all reported medications, and
International Classification of Diseases-10. Revision codes
(WHO ICD-10 codes) to the conditions for which the
medications were taken.
Off-label medicine use was stratified by self-medicated

and prescribed preparations. Self-medicated preparations
were defined as medicines that were either bought OTC
or obtained from other sources. Prescribed medicines
were preparations that were prescribed by a physician or
by a non-medical practitioner.
Data processing
Based on information provided by the study participants
about the usage of each medicine (brand name, indica-
tion, dose, and frequency of use) and on characteristics
of the study participants (age, height, body weight) a
comparison was made with the summary of product
characteristics (SPC) or patient information leaflet. If
this comparison showed a discrepancy between actual
and licensed usage the utilization was considered as off-
label medicine use. Off-label medicine use was classified
into the following strata:

1. Off-label indication
2. Off-label age
3. Off-label over-dosing
4. Off-label under-dosing
5. In-label
6. Not-attributable

Off-label indication was defined as the discrepancy be-
tween self-reported indication and the indication of the
SPC. The same applies to the other chosen categories
(off-label age, off-label over-dosing, off-label under-dosing).
No off-label medicine use (in-label) was assigned if self-
reported and SPC information was identical. If the avail-
able data about the medicine used was imprecise, the
preparation was classified as not-attributable. Each prod-
uct could only be classified in one category. If the product
was off-label in more than one category off-label indica-
tion had highest priority followed by age, over-dosing, and
under-dosing, respectively.
SPC and patient information leaflet were primarily

taken from the German drug dictionary “Gelbe Liste”
[23]. If this information was insufficient, “Rote Liste”
[24], a different German drug dictionary, was con-
sulted alternatively. If the information was still insuffi-
cient an internet research was conducted and if this
was also unsuccessful the product was classified as
“not-attributable”.
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Children with off-label medicine use were boys and
girls who took at least one off-label preparation. Chil-
dren with in-label medicine use were defined as the total
number of children and adolescent who took all their
medicines in-label. Boys and girls exclusively using prep-
arations that could not be allocated were defined as chil-
dren with not-attributable off-label medicine use.

Quality control
To determine the accuracy of the off-label assessment a
5% random sample (n = 738) was re-assessed by an ex-
ternal reviewer with previous experience in off-label
medicine use in children. Interrater reliability between
the original assessment and the second reviewer for the
random sample was calculated using Kappa Statistics.

Statistical analysis
In order to achieve a representativeness of the survey
population a weighting factor was computed and used to
adjust for deviations in demographic characteristics. This
was a necessary step as the sampling was based on a two
stage procedure (see chapter “Methods”, sub-chapter
“Data collection and study population”). Basis for the ad-
justments was a comparison of the survey population
with the official population statistics.
Descriptive statistics (proportions and 95% confidence

intervals) were calculated to estimate prevalence rates of
overall drug use, in-label- and off-label medicine use
according to sex, age, region of residence, urbanity, mi-
gration background, social status, and parents’ rated
health status.
In a multivariate logistic regression model odds ratios

(ORs) and 95% confidence intervals (95% CIs) were
estimated. The dependent variable was off-label versus
in-label medicine use. In the logistic regression model
children exclusively using not-attributable preparations
were excluded. All variables of the descriptive calcula-
tion were included in the model as potentially determin-
ing factors.
Group differences were considered statistically signifi-

cant if the 95% CIs of two rates did not overlap or the
p-values were ≤ 0.05. All statistical analyses were per-
formed using SPSS statistical software (release 20.0). In
order to adjust for sample clustering effects, the SPSS
complex samples module was used for all analyses.

Results
Prevalence and determinants of off-label use
A total of 17,450 children and adolescents participated
in the drug interview. 8,899 boys and girls use at least
one medication in the last seven days and thus consti-
tute our study population.
Prevalence of medicine use is shown in Table 1. Girls

have a significantly higher prevalence rate of drug use
than boys. With increasing age the prevalence of medicine
use is decreasing. Until the age of 2 years the medicine use
is significantly higher than in all other age groups. There
are no differences according to region of residence or
according to urbanity. Children with a migration back-
ground or from families with a lower social status are sig-
nificantly less often medicine user. Looking at the parents’
rated health status we find that children with a better
health status use significantly less medication.
Among the study subjects 3,610 (40.2% 95% CI 38.8-

41.5%) boys and girls use one or more preparations
off-label. 4,334 children and adolescents use all their
preparations exclusively in-label (48.7% 95% CI 47.3-
50.2%). For 11.1% (95% CI 10.3-12.0%) of children with
drug use (n = 955), it was not possible to identify in- or
off-label use for any of their medications (Figure 1).
Regarding off-label medicine use statistically significant

differences can be observed with respect to sex and age.
Boys have a higher prevalence rate than girls (41.4 vs.
38.9%). Those below 2 years of age and those 14 years of
age or older use significantly less off-label medication
compared to those aged between 3 and 13 years. There
are no significant differences according to region of resi-
dence and urbanity. Children and adolescents from fam-
ilies without migration background and from families with
higher social status have a higher off-label medicine use,
but the differences are only significant for migration back-
ground. Boys and girls whose parents indicated an excel-
lent health status of their children receive significantly less
off-label medication compared to those with a moderate/
bad/very bad health status (Table 1).
The prevalence rate of children exclusively using in-label

medicines, amounts to 48.7%. Exclusive in-label medicine
use is significantly higher e.g. in girls, in the age groups 0
to 2 and 14 to 17 years, and in rural areas. Children with
an excellent parents’ rated health status use their medica-
tion also more often exclusively in-label (Table 1).
For 955 participants (11.1%) the reported medicines

could not be allocated with respect to in- or off-label
medicine use, because information regarding the prepa-
rations was unspecific. Those children are significantly
more often boys than girls (12.4 vs. 9.8%), and less often
aged 0 to 2 years. Children with migration background
or living in families with a lower social status have a sig-
nificantly higher rate of not-attributable medicine use.
There are no significant differences in the prevalence
rate of not-attributable medicine use according to par-
ents’ rated health status (Table 1).
In the logistic regression model sex, age, urbanity and

parents’ rated health status are independent determining
factors for the probability of off-label medicine use. Boys
have a significantly higher OR than girls, and children
up to 13 years of age have a higher OR than adolescents
(14 to 17 years). Living in rural areas is associated with a



Table 1 Prevalence and determinants of off-label medicine use, KiGGS 2003-2006

Children with drug
use (n = 8,899)

Children with
off-label
medicine use
of ≥ 1
preparation
(n = 3,610)

Children with
excl. in-label
medicine use
(n = 4.334)

Children with
excl. not-
attributable
medicine use
(n = 955)

Children with
off-label vs.
excl. in-label
medicine use
(n = 7,808)

n % 95% CI % 95% CI % 95% CI % 95% CI OR 95% CI p-value

Total 8,899 50.8 (49.5-52.2) 40.2 (38.8-41.5) 48.7 (47.3-50.2) 11.1 (10.3-12.0)

Sex .015

Boys 4,362 48.7 (47.2-50.3) 41.4 (39.7-43.1) 46.2 (44.5-47.9) 12.4 (11.3-13.6) 1.13 (1.03-1.25)

Girls 4,537 53.1 (51.5-54.7) 38.9 (37.1-38.8) 51.2 (49.3-53.2) 9.8 (8.9-10.9) 1(Referenz)

Age group < .001

0 - 2 years 2,089 74.9 (72.9-76.9) 42.4 (39.8-45.1) 53.1 (50.3-55.9) 4.5 (3.5-5.8) 1.45 (1.24-1.69)

3 - 6 years 1,939 51.1 (48.8-53.3) 48.7 (46.1-51.4) 39.7 (37.2-42.2) 11.6 (10.0-13.4) 2.08 (1.79-2.41)

7 - 10 years 1,718 42.6 (40.4-44.8) 41.3 (38.9-43.8) 45.7 (43.3-48.1) 13.0 (11.4-14.8) 1.52 1.31-1.78)

11 - 13 years 1,289 42.4 (40.1-44.7) 36.9 (34.0-40.0) 46.5 (43.1-49.8) 16.6 (14.3-19.2) 1.36 (1.15-1.60)

14 - 17 years 1,864 50.7 (49.5-52.2) 32.5 (30.2-34.8) 56.1 (53.6-58.8) 11.4 (9.9-13.1) 1(Referenz)

Region .355

East 2,881 51.7 (49.2-54.2) 40.3 (38.3-42.4) 50.1 (47.9-52.2) 9.6 (8.7-10.7) 1.06 (0.93-1-19)

West 6,018 50.7 (49.2-52.2) 40.1 (38.5-41.7) 48.5 (46.8-50.2) 11.4 (10.5-12.4) 1(Referenz)

Urbanity .022

Rural area 1,985 50.5 (47.8-53.1) 36.5 (33.4-39.8) 54.5 (51.0-58.0) 8.9 (7.1-11.1) 0.83 (0.69-1.00)

Small city 2,314 50.9 (48.3-53.5) 42.0 (39.0-45.0) 47.3 (44.6-49.6) 10.8 (9.3-12.4) 1.10 (0.92-1.30)

Medium-sized city 2,561 50.7 (48.2-53.3) 41.6 (39.4-43.8) 47.3 (45.2-49.4) 11.1 (10.0-12.4) 1.07 (0.91-1.24)

Large city 2,039 51.2 (48.4-53.9) 39.1 (36.8-41.5) 47.9 (45.1-50.8) 12.9 (11.2-14.9) 1(Referenz)

Migrant background .954

Yes 1,071 41.4 (38.8-44.2) 35.8 (32.6-39.1) 44.1 (40.5-47.8) 20.1 (17.5-22.9) 0.99 (0.82-1.21)

No 7,788 52.8 (51.5-54.1) 40.9 (39.4-42.3) 49.5 (48.0-51.1) 9.6 (8.8-10.4) 1(Referenz)

Missing 40

Social status .157

Low 2,249 47.1 (45.0-49.2) 39.1 (36.6-41.7) 47.0 (44.4-49.7) 13.9 (12.1-15.8) 0.91 (0.78-1.07)

Middle 4,083 51.2 (49.7-52.7) 39.9 (37.9-41.9) 50.4 (48.3-52.5) 9.7 (8.6-10.8) 0.90 (0.80-1.00)

High 2,403 55.1 (53.0-57.3) 42.5 (40.4-44.7) 47.6 (45.4-49.8) 9.9 (8.5-11.4) 1(Referenz)

Missing 164

Parents’ rated subjective health status < .001

Excellent 3,261 47.2 (45.4-48.9) 38.2 (36.1-40.3) 51.7 (49.6-53.8) 10.1 (9.1-11.2) 0.71 (0.58-0.88)

Good 4,840 52.1 (50.6-62.9) 41.2 (39.4-42.9) 47.1 (45.3-49.0) 11.7 (10.5-13.0) 0.89 (0.73-1.07)

Moderate/Bad/Very Bad 798 60.0 (49.5-52.2) 41.7 (37.9-45.6) 46.7 (42.8-50.7) 11.6 (9.3-14.3) 1(Referenz)

n unweighted, % weighted.
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significantly lower OR compared to living in large cities.
If the parents rated the health status of their children as
excellent the OR is significantly lower compared to a
moderate/bad/very bad health status (Table 1).

Spectrum of off-label use
8,899 study participants had taken 14,588 preparations
resulting in an average of 1.62 (95% CI 1.59-1.66) prep-
aration per drug user.
Among 14,588 preparations recorded, 3,802 are classi-
fied as “off-label”, 8,865 as “in-label” and 1,921 (13.2%)
as “not-attributable”. After excluding not-attributable
preparations there are 12,667 preparations left for fur-
ther analyses. Among these 12,667 medicines 70.0% are
used in-label. Within the remaining 30% off-label use,
under-dosing (17.4%) is the most frequent category,
followed by over-dosing (4.6%), indication (4.3%), and
age (3.8%) (Figure 2).



Figure 1 Prevalence of children with off-label-, in-label-,
and not-attributable medicine use, KiGGS 2003–2006.

Figure 3 Off-label medicine use by off-label strata and age
groups, KiGGS 2003–2006.
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In Figure 3 the distribution of off-label medicine use
according to age groups is illustrated. In all age groups
under-dosing is the main reason for off-label use (0–2 years
11.8%, 3–6 years 22.6%, 7–10 years 21.5%, 11–13 years
18.7%, and 14–17 years 15.0%). Age is the second most
common reason for off-label medicine use in the age group
0–2 years (6.2%) and over-dosing in the age group 3 –
6 years (6.9%). Indication is the second most common rea-
son in all other age groups (7–10 years: 4.4%, 11–13 years:
4.6%, and 14–17 years: 5.5%).
61.2% of the used preparations are prescribed by a

physician or a non-medical practioner, 38.8% are self-
medicated (OTC 24.7%, 14.1% from other sources).
Looking at off-label medicine use according to origins of
medicines (prescribed, OTC, other sources) we find the
following results: about 30% of prescribed as well as OTC
products or preparations from other sources are used off-
label. Under-dosing is the most common off-label use in
all categories (prescribed medicines: 16.1%, OTC: 19.3%,
medicines from other sources: 20.2%). Under-dosing is
significantly more frequent in OTC products and prepara-
tions from other sources compared to prescribed medi-
cines. In contrast, off-label indication is significantly
higher in prescribed medication than in OTC products
and preparations from other sources (Table 2).
Figure 2 Drug use by in-label and off-label medicine use (only attribu
In our study we also analyzed off-label medicine use
according to ATC-classes/ATC-substance-groups. Overall
off-label medicine use is highest (67.2%) for products be-
longing to the cardiovascular system (ATC-code C00) and
lowest (13.3%) for products belonging to urogenital tract
and sexual hormones (ATC-code G00). Off-label age and
off-label indication is higher in the ATC- class C00 and
in the ATC-class L00 (antineoplastic and immune
modulating agents). In all other ATC-classes off-label
under-dosing is dominating. This includes e.g. antibiotics
(ATC-code J01) with 21.3% under-dosing (Table 3).
Off-label medicine use stratified by ATC-classes shows

differences in the various age groups. Until the age of
2 years the most frequently used preparations are medica-
tions for sensory organs (ATC-code S00), followed by
medicines for the respiratory system (ATC-code R00) and
for antiinfectives for systemic use (ATC-code J00). In the
age of 3 to 10 years preparations for alimentary tract and
metabolism (ATC-code A00), for sensory organs (ATC-
code S00) and for respiratory system (ATC-code R00)
dominate off-label medicine use. In adolescents and
youths (11 to 17 years) most often used off-label medi-
cines are preparations of the ATC-class A00 (alimentary
table preparations), KiGGS 2003–2006.



Table 2 Off-label and in-label medicine use by origin of medicines, KiGGS 2003-2006

Drug use categories Origin of medicines (n = 12,587*)

Prescribed OTC Other sources

n % 95% CI n % 95% CI n % 95% CI

Off-label medicine use 2,344 29.9 (28.9-30.9) 925 30.3 (28.7-31.9) 515 30.6 (28.5-32.9)

➢ Indication 376 4.8 (4.3-5.2) 106 3.5 (2.9-4.2) 56 3.3 (2.6-4.3)

➢ Age 326 4.2 (3.7-4.6) 100 3.3 (2.7-4.0) 45 2.7 (2.0-3.6)

➢ Under-dosing 1,263 16.1 (15.3-16.9) 590 19.3 (18.0-20.8) 339 20.2 (18.3-22.2)

➢ Over-dosing 379 4.8 (4.4-5.3) 129 4.2 (3.6-5.0) 75 4.5 (3.6-5.6)

In-label medicine use 5,508 70.1 (69.1-71.1) 2,129 69.7 (68.1-71.3) 1,166 69.4 (67.1-71.5)

* Discrepancy to total n = 12,667 because of missing data (n = 80). OTC = Over the Counter.
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tract and metabolism) followed by ATC-class D00 (derma-
tologicals) and S00 (sensory organs) (Table 4).

Quality control
The re-assessment of a 5% random-sample by a second
reviewer revealed a similar distribution for off-label
medicine use. Inter-rater reliability was found to be
“good” (Kappa = 0.655).

Discussion
Principle findings
Looking at the population level, the prevalence rate of off-
label medicine use in children/adolescents, who took at
least one preparation amounts to 40.2%. Off-label medi-
cine use is statistically significantly higher in boys and
lower in adolescents (14–17 years). There are no signifi-
cant differences according to region, urbanity, migrant
background, and social class. A better parents-rated health
status of their children is associated with a lower probabil-
ity of off-label medicine use. Looking at the preparation
level, 70% of all attributable preparations are used in-label
and 30% off-label. The spectrum of off-label medicine use
is dominated by under-dosing (17.4%), followed by over-
dosing (4.6%), indication (4.3%), and age (3.8%). Further-
more we found that under-dosing is the most common
reason for off-label-use in prescribed medicines as well as
in self-medication.

Strengths and limitations
The KiGGS study provides representative population-
based data on drug use among children and adolescents.
The data have been obtained by physicians administered
structured interviews including a population of more
than 17,000 children and adolescents. Data obtained in
this study are independent from the provision of health
care and provide information about the “real” use of
medicines in the population. In contrast, studies utiliz-
ing prescription data, health insurance data, secondary
care data, or medication sales data are unable to
consider if patients actually took the medicines and thus
do not represent the real use. Prescribed or OTC
medication may be taken in various quantities, at a dif-
ferent point of time or by a different person. In this
study, information on drug use was obtained by face-to-
face interviews, which contributes to reliable data on
actual use of medication.
The findings of this study are generalizable with re-

spect to off-label use of medicine among children and
adolescents aged 0–17 years in Germany. Whereas the
analysis of prescription data only allows conclusions
about off-label prescription but not about off-label
medicine use, and the data on sales of OTC medicine
does not give information on user patterns, the KiGGS-
data provide information about the use and off-label
use of all medications including OTC products and
medicines from other sources. In addition KiGGS pro-
vides information on the associations between socio-
economic as well as health-relevant indicators and
off-label medicine use. Thus the results of our study
are unique in Germany and international.
However, this study also has several limitations. Infor-

mation regarding the use of medication collected were
provided by parents and/or supplemented with informa-
tion from the adolescents. Therefore a recall-bias has to
be considered. In order to minimise this effect parents
and children/adolescents were asked to bring along
packages from all products recently used. But only for
about 30% of recorded preparations this was done. Even
though this proportion is low, about 87% of all prepara-
tions could be assessed according to off-label use. This
underlines that the information relying on memorising
preparations used in the last seven days are of a suffi-
cient validity.
Memory problems are mainly related to dosing infor-

mation, particularly if the product is not used regularly.
The high proportion of under-dosing may indicate this
problem, however, previous studies evaluating off-label
medicine use and considering the dosing came to similar
results as our study [11,12].
Another limitation can arise from the self-reported rea-

son for treatment (indication). This may be inadequate as
there may be problems regarding the communication



Table 3 Off-label and in-label medicine use by ATC-classes and off-label strata, KiGGS 2003-2006

ATC-class Off-label use In-label
use

Total

Indication Age Over-
dosing

Under-
dosing

n % n % n % n % n % n

Total 541 4.3 476 3.8% 583 4.6 2,202 17.4 8,865 70.0 12,667

A00 ALIMENTARY TRACT and METABOLISM 140 4.8 113 3.9% 86 2.9 654 22.4 1,933 66.1 2,926

A01 Stomatological preparations 47 2.8 80 4.7% 41 2.4 308 18.2 1215 71.9 1691

A03 Antispasmodic and anticholinergic agents and propulsives 6 4.7 3 2.4 8 6.3 18 14.2 92 72.4 127

A07 Antidiarrheals. Intestinal Antiinflammatory/Antiinfektive Agents 5 4.9 7 6.8 6 5.8 11 10.7 74 71.8 103

A11 Vitamins 35 5.1 10 1.4 18 2.6 218 31.5 411 59.4 692

A12 Mineral Supplements 42 22.5 4 2.1 6 3.2 84 44.9 51 27.3 187

A14 Anabolic Agents for Systemic Use 0 0 0 0 0 0 0 0 2 100 2

B00 BLOOD and BLOOD FORMING ORGANS 0 0 4 5.5 3 4.1 17 23.3 49 67.1 73

C00 CARDIOVASKULAR SYSTEM 3 5.2 11 19.0 3 5.2 22 37.9 19 32.8 58

C01 Cardic Therapy 0 0 0 0 0 0 3 30.0 7 70.0 10

C05 Vasoprotectives 1 4.0 0 0 1 4.0 17 68.0 6 24.0 25

C07 Beta Blocking Agents 1 10.0 7 70.0 0 0 1 10.0 1 10.0 10

D00 DERMATOLOGICALS 69 4.4 42 2.7 30 1.9 344 21.8 1,094 69.3 1579

D01 Antifungals for Dermatological Use 7 6.1 1 0.9 5 4.3 21 18.3 81 70.4 115

D02 Emollients and Protectives 4 1.6 4 1.6 4 1.6 29 11.9 203 83.2 244

D03 Preparations for Treatment of Wounds and Ulcers 17 5.3 2 0.6 0 0 3 0.9 297 93.1 319

D04 Antipruritics. incl. Antihistamines. Anesthetics etc. 1 0.6 1 0.6 1 0.6 46 28.6 112 69.6 161

D06 Antibiotics and Chemotherapeutics for Dermatological Use 10 11.6 1 1.2 2 2.3 49 57.0 24 27.9 86

D07 Corticosteroids. Dermatological Preparations 23 10.2 15 6.6 13 5.8 95 42.0 80 35.4 226

D10 Anti-Akne Preparations 2 1.8 0 0 1 0.9 28 25.5 79 71.8 110

D11 Other Dermatological Preparations 4 1.8 16 7.4 3 1.4 69 31.8 125 57.6 217

G00 GENITO URINARY SYSTEM and SEX HORMONES 52 10.5 2 0.4 4 0.8 8 1.6 431 86.7 497

G03 Sex Hormones and Modulators of the Genital System 48 10.6 1 0.2 3 0.7 2 0.4 398 88.1 452

H00 SYSTEMIC HORMONAL PREPARATIONS. excl. SEX HORMONES
and INSULINS

6 2.0 0 0 7 2.4 29 9.8 253 85.8 2,,95

H03 Thyroid Therapy 1 0.4 0 0 5 2.0 28 11.4 212 86.2 246

J00 ANTIINFECTIVES for SYSTEMIC USE 25 6.7 5 1.3 21 5.6 71 19.0 252 67.4 374

J01 Antibiotics for Systemic Use 25 7.5 4 1.2 21 6.3 71 21.3 212 63.7 333

L00 ANTINEOPLASTIC and IMMUNMODULATING AGENTS 8 9.4 7 8.2 5 5.9 24 28.2 41 48.2 85

L03 Immunostimulants 8 11.3 6 8.5 4 5.6 23 32.4 30 42.3 71

M00 MUSCULO-SKELETAL SYSTEM 11 2.0 31 5.6 8 1.5 47 8.5 454 82.4 551

M01 Antiinflammatory and Antirheumatic Products 2 0.8 16 6.4 6 2.4 26 10.4 200 80.0 250

M02 Topical Products for Joint and Muscular Pain 7 2.5 14 5.0 1 0.4 16 5.7 242 86.4 280

N00 NERVOUS SYSTEM 28 2.6 43 3.9 11 1.0 93 8.5 921 84.0 1,096

N02 Analgesics 11 1.4 30 3.9 5 0.6 66 8.5 664 85.6 776

N06 Psychoanaleptics 7 3.8 2 1.1 0 0.0 9 4.9 167 90.3 185

R00 RESPIRATORY SYSTEM 94 2.4 202 5.2 334 8.6 786 20.2 2477 63.6 3,893

R01 Nasal Preparations 13 1.3 55 5.5 18 1.8 60 6.1 845 85.3 991

R02 Throat Preparations 2 1.3 2 1.3 13 8.7 9 6.0 124 82.7 150

R03 Anti-Asthmatics 20 3.5 46 8.0 16 2.8 72 12.6 419 73.1 573

R04 Chest Ointments. Inhalatives 3 1.0 35 11.3 0 0.0 108 34.7 165 53.1 311
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Table 3 Off-label and in-label medicine use by ATC-classes and off-label strata, KiGGS 2003-2006 (Continued)

R05 Cough and Cold Preparations 42 2.6 54 3.3 278 16.9 476 28.9 797 48.4 1647

R06 Antihistamines for Systemic Use 13 6.1 10 4.7 9 4.2 60 28.3 120 56.6 212

S00 SENSORY ORGANS 20 10.0 2 1.0 10 5.0 60 30.0 108 54.0 200

S01 Ophthalmologicals 19 13.4 2 1.4 2 1.4 47 33.1 72 50.7 142

S02 Otologicals 1 1.9 0 0 7 13.5 11 21.2 33 63.5 52

V00 VARIOUS 5 2.3 1 0.5 6 2.8 23 10.6 183 83.9 218

V03 All Other Therapeutic Products 3 3.0 0 0 4 4.0 18 18.2 74 74.7 99

V06 General Nutrients 0 0 1 2.0 2 4.0 5 10.0 42 84.0 50

Z00 HOMOEOPATHICS 80 10.0 11 1.4 55 6.9 23 2.9 631 78.9 800
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between the consulted physicians and parents, thus
leading to a misunderstanding of the indication. Our re-
sults support this assumption, as they show that chil-
dren with migration background or from families with a
lower social status have a significantly higher prevalence
rate of exclusively not-attributable medicine use.

Prevalence and determinants of off-label medicine use
Population representative data regarding off-label medi-
cine use in children and adolescents which are inde-
pendent from any health care provisions are rare in
the literature. The prevalence of off-label use among
medicine users identified in our study is 40.2%. This
differs from the results of a Scottish study (Ekins-
Daukes et al.) where prevalence is found to be 10.6%
[11]. Cuzzolin et al. reviewed international studies and
report unlicensed and off-label rates in ambulatory
care between 13.2% and 29%, in paediatric wards
Table 4 Off-label medicine use by ATC-classes and age group

ATC-class

A00 Alimentary tract and metabolism

B00 Blood and blood forming organs

C00 Cardiovascular system

D00 Dermatologicals

G00 Genito urinary system and sex hormones

H00 Systemic hormon. preparations excl. sex hormones and insulins

J00 Antiinfectives for systemic use

L00 Antineoplastic and immunmodulating agents

M00 Musculo-skeletal system

N00 Nervous system

P00 Antiparasitic products insecticides and repellents

R00 Respiratory system

S00 Sensory organs

V00 Various

Z00 Homoeopathics

TOTAL n = 12,667
between 18% and 60% and in neonatal units between
14% and 63% [12]. Another international literature re-
view by Pandolfini and Bonati reports that rates for
off-label medicine use vary between 11% and 80%.
Higher rates are seen in younger patients and in hos-
pital settings [17]. However, comparing these studies
with our data is difficult as there are differences in re-
spect to the study design, study population and periods
of observation.
In our analysis children who were aged 3 to 13 years

show higher off-label medicine use compared to those
drug users aged 0–2 years and 14–17 years respectively.
This is contradictory to the findings of previously pub-
lished studies where highest rates for off-label medicine
use are in neonates [4,11,18,25-27]. The main reason for
these differences may be related to differences in the
study population. While the KIGGS study population in-
cludes no hospitalized and mainly healthy children,
s, KiGGS 2003-2006

0-2 years 3-6 years 7-10 years 11-13 years 14-17 years

n (%) n (%) n (%) n (%) n (%)

328 (21.3) 255 (49.5) 172 (50.0) 108 (47.8) 130 (43.0)

2 (13.3) 1 (14.3) 2 (50.0) 10 (52.6) 9 (32.1)

3 (100) 2 (40.0) 9 (64.3) 9 (90.0) 16 (61.5)

102 (26.6) 106 (30.1) 110 (31.0) 75 (37.1) 92 (32.1)

4 (66.7) 1 (10.0) 6 (50.0) 2 (25.0) 53 (11.5)

3 (14.3) 11 (19.3) 7 (13.7) 7 (9.5) 14 (15.2)

29 (32.2) 41 (36.6) 18 (30.5) 15 (31.9) 19 (28.8)

7 (70.0) 16 (57.1) 8 (42.1) 6 (42.9) 7 (50.0)

13 (25.5) 17 (23.3) 18 (16.8) 21 (18.9) 28 (13.4)

20 (12.7) 21 (20.2) 51 (25.5) 39 (16.5) 44 (11.1)

1 (33.3) 1 (20.0) 1 (14.3) 0

356 (39.1) 493 (40.4) 288 (35.7) 146 (30.7) 133 (27.7)

30 (56.6) 30 (42.3) 13 (61.9) 11 (36.7) 8 (32.0)

16 (16.3) 6 (25.0) 7 (16.7) 1 (5.6) 5 (13.9)

41 (23.2) 47 (20.3) 37 (19.2) 22 (20.6) 22 (23.9)

954 (27.1) 1048 (37.3) 747 (33.5) 473 (29.8) 580 (23.0)
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previously published studies include hospitalised and in-
tensive care patients.

Spectrum of off-label medicine use
In our study 30% of all attributable products are used
off-label. This proportion is above the previously
reported data (13.2%) in Germany (Buecheler et al.).
However, Buecheler et al. do not supply information re-
garding dosing and indication [4]. Consequently their
data are underestimating the prevalence which may ex-
plain the difference to our findings. T’Jong et al. report
in their study from the Netherlands that 44% of all pre-
scriptions in a paediatric ward are off-label [28]. In am-
bulant patients this rate amounts to 23% and is slightly
lower compared to the findings in our study [29].
Under-dosing is the most frequent reason for off-label

medicine use in our study, accounting for more than half
of all off-label medications. Similar findings were previ-
ously reported from Scotland and Brazil [11,30].
Off-label medicine use such as under- and over-dosing

could bear the risk of potential health hazards. Inappro-
priate dosing is of particular concern for antibiotic use
with respect to the development of resistances [31,32]
but also regarding adverse drug reactions (ADRs)
[33-35]. If medication is under-dosed possibly no thera-
peutic benefit but a risk for ADRs could occur, as those
often are independent of the dose. In our study 36% of
antibiotics are used off-label, of those 58% are under-
dosed. Similar findings are reported from Porta et al.
who found that under-dosing of antibiotics is the most
common reason for off-label use in the UK and in Italy
[30]. A Scottish study of Ekins-Daukes et al. reports that
the number of children who had been prescribed antibi-
otics of a less than recommended dose increases with
age from 11.8% in the age group 0–4 years to 30.0% in
the age group 12–16 years [36]. The problem is also
highlighted in a historic review from England by Ahmed
et al. who is concerned that many antibiotics used in
children are under-dosed [37].
Menson et al. investigate the use of anti-retrovirals in

UK and Irish children and identify that children have
frequently been under-dosed with anti-retrovirals over
the observed 9 year period [38]. Major reasons identified
are inconsistent dosage strategies or failure to respond
to growth, especially at extremes of weight bands. As
children grow, drug doses need regular adjustment and
failure to do so may reduce the benefits of treatment.
Kazouini et al. analyse Paracetamol prescription issued

in 2006 to Scottish children and find that 13.3% of pre-
scriptions are under-dosed and 4.4% are over-dosed [39].
In a similar study the authors show that prescribing of
antibiotics below the recommended doses is more fre-
quent than the prescribing of doses which are above offi-
cial recommendations [36]. This implies that the overall
large extent of under-dosing regarding the use of drugs
in children is not exclusive to Germany. However, most
of the previously published data come from hospital or
ambulatory care settings.
In our setting which was independent from health care

provisions there is a large amount of self-medication
(38.8%). This is not surprising and has previously already
been reported in a study by Du and Knopf [40]. In the
present study, within self-medication, off-label medicine
use amounts to about 30% (OTC 30.3%, other sources
30.6%). Our data are representative for Germany and we
could not identify any published studies from other
countries related to off-label medicine use of self-
medication, including OTC products. In self-medication
as well as in prescribed medicine under-dosing is the
most frequent reason for off-label medicine use, but in
self-medication under-dosing is significantly higher.
Here further studies are needed to investigate the rea-
sons why there is such a high level of under-dosing of
children’s medication. From a pharmacological point of
view this doesn’t make sense because adverse reactions
can occur at any dose whereas the desired effect is
always related to the therapeutic dose. Furthermore, al-
though the relationship is not significant in our analysis,
the fact that children without migration background and
with higher social status take more off-label medicine
throws up the question why these groups of children are
more likely to be exposed to off-label medicine use. A
relationship between socio-economic factors and self-
medication use was reported previously from various
countries [40-43]. A study of Du and Knopf shows that
parents with higher social economic status tend to
utilize more self-medication for their children [40].
Conclusions
Our data show that there is a high level of off-label
medicine use in the general paediatric population and
that under-dosing is the most frequent reason for off-
label use. This could put drug users at the risk of side
effects without a therapeutic effect. Particularly for anti-
biotics the development of resistances is fostered when
too low doses are given.
With respect to rational use of medicines the correct

dose should be given to ensure safety and effectiveness
of pharmacotherapy. Further studies are needed to in-
vestigate why there is inadequate dosing.
Understanding the prevalence, determinants and

spectrum of off-label medicine use can help developing
prevention strategies. Further studies are needed to in-
vestigate the reasons for off-label medicine use as it
might be due to lack of knowledge in paediatric pharma-
cotherapy or the absence of appropriate paediatric medi-
cation or based on empiricism.
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The high amount of off-label medicine use in self-
medication needs further research to identify whether this
is a particular German phenomenon or whether similar
patterns can be observed in other countries as well.
In addition to appropriate clinical trials for licensing of

paediatric medicines, education of health care profes-
sionals but also of parents and carers about the rational
and correct use of medicines is needed. This will ensure
the most appropriate use of medicines in the paediatric
population so that drug use can be based on well-
grounded information.

Competing interest
The authors declare that they have no competing interests.

Authors’ contributions
HK coordinated the conceptualization and conduction of the project,
performed the statistical analysis, wrote and finalised the manuscript.
IW assisted in analysing the data and interpreting the results, writing and
finalising the manuscript. GS and WZ conducted the data collection,
provided the literature review and assisted in analysing the data and
interpreting the results. WR had provided the initial input and reviewed the
manuscript. AN provided specific knowledge, assisted in the
conceptualization of the study, and contributed writing to the manuscript.
All authors read and approved the final manuscript. HK is the guarantor for
the study.

Acknowledgments
The German Health Interview and Examination Survey for Children and
Adolescents (KiGGS) was funded by the German Federal Ministry of Health
and the Ministry of Education and Research. There was no funding for the
present study.

Author details
1Department of Epidemiology and Health Monitoring, Robert Koch Institute,
General-Pape-Str. 62-66, 12101, Berlin, Germany. 2Institute of Clinical
Pharmacology and Toxicology, Charité Universitätsmedizin Berlin,
Charitéplatz 1, 10117, Berlin, Germany. 3Department of Paediatrics and
Adolescent Medicine, Paediatric Clinical Study Center, University Hospital
Erlangen, Loschgestr. 15, 91054, Erlangen, Germany.

Received: 21 February 2013 Accepted: 26 June 2013
Published: 3 July 2013

References
1. Dost FH: The blood levels. Kinetics of the concentration processes in the

circulating liquid. Georg Thieme, Leipzig 1953. DNB 450 986 519. 362 pages
96 figures.

2. Ceci A, Felisi M, Baiardi P, Bonifazi F, Catapano M, Giaquinto C, Nicolosi A,
Sturkenboom M, Neubert A, Wong I: Medicines for children licensed by
the European medicines agency (EMEA): the balance after 10 years.
Eur J Clin Pharmacol 2006, 62(11):947–952.

3. EMEA: The paediatric regulation. Paediatric team. Scientific advice, paediatrics
& orphan drugs sektor. 2007. http://wwwemaeuropaeu/docs/en_GB/
document_library/Presentation/2009/10/WC500004243pdf.

4. Bucheler R, Schwab M, Morike K, Kalchthaler B, Mohr H, Schroder H,
Schwoerer P, Gleiter CH: Off label prescribing to children in primary care
in Germany: retrospective cohort study. BMJ 2002, 324(7349):1311–1312.

5. Muhlbauer B, Janhsen K, Pichler J, Schoettler P: Off-label use of
prescription drugs in childhood and adolescence: an analysis of
prescription patterns in Germany. Deutsches Arzteblatt int 2009,
106(3):25–31.

6. Neubert A, Dormann H, Weiss J, Egger T, Criegee-Rieck M, Rascher W, Brune
K, Hinz B: The impact of unlicensed and off-label drug use on adverse
drug reactions in paediatric patients. Drug Saf 2004, 27(13):1059–1067.

7. Conroy S, Choonara I, Impicciatore P, Mohn A, Arnell H, Rane A, Knoeppel C,
Seyberth H, Pandolfini C, Raffaelli MP, et al: Survey of unlicensed and off
label drug use in paediatric wards in european countries. European
network for drug investigation in children. BMJ 2000, 320(7227):79–82.

8. Chalumeau M, Treluyer JM, Salanave B, Assathiany R, Cheron G, Crocheton N,
Rougeron C, Mares M, Breart G, Pons G: Off label and unlicensed drug use
among French office based paediatricians. Arch Dis Child 2000, 83(6):502–505.

9. Craig JS, Henderson CR, Magee FA: The extent of unlicensed and off-label
drug use in the paediatric ward of a district general hospital in Northern
Ireland. Ir Med J 2001, 94(8):237–40.

10. Jong GW T, Eland IA, Sturkenboom MC, van den Anker JN, Stricker BH:
Unlicensed and off label prescription of drugs to children: population
based cohort study. BMJ 2002, 324(7349):1313–1314.

11. Ekins-Daukes S, Helms PJ, Simpson CR, Taylor MW, McLay JS: Off-label
prescribing to children in primary care: retrospective observational
study. Eur J Clin Pharmacol 2004, 60(5):349–353.

12. Cuzzolin L, Atzei A, Fanos V: Off-label and unlicensed prescribing for
newborns and children in different settings: a review of the literature
and a consideration about drug safety. Expert opinion on drug safety 2006,
5(5):703–718.

13. Pandolfini C, Bonati M: A literature review on off-label drug use in
children. Eur J Pediatr 2005, 164(9):552–558.

14. Pandolfini C, Campi R, Clavenna A, Cazzato T, Bonati M: Italian
paediatricians and off-label prescriptions: loyal to regulatory or guideline
standards? Acta paediatrica 2005, 94(6):753–757.

15. Bazzano ATM-SR, Schonlau M, Suttorp MJ, Brook RH: Off-label prescribing
to children in the United States outpatient setting. Academic pediatrics
2009, 9(2):81–88.

16. Lass JIA, Pisarev H, Leinemann T, Lutsar I: Off label use of prescription
medicines in children in outpatient setting in Estonia is common.
Pharmacoepidemiol Drug Saf 2011, 20(5):474–481.

17. Olsson JKE, Pettersson S, Odlind V: Paediatric drug use with focus on off-
label prescriptions in Swedish outpatient care–a nationwide study.
Acta Paediatr 2011, 100(9):1272–1275.

18. Lindell-Osuagwu L, Korhonen MJ, Saano S, Helin-Tanninen M, Naaranlahti T,
Kokki H: Off-label and unlicensed drug prescribing in three paediatric
wards in Finland and review of the international literature. J Clin Pharm
Ther 2009, 34(3):277–287.

19. Kurth BM, Kamtsiuris P, Holling H, Schlaud M, Dolle R, Ellert U, Kahl H, Knopf
H, Lange M, Mensink GB, et al: The challenge of comprehensively
mapping children’s health in a nation-wide health survey: design of the
German KiGGS-Study. BMC Publ Health 2008, 8:196.

20. Lange M, Kamtsiuris P, Lange C, Schaffrath Rosario A, Stolzenberg H,
Lampert T: Sociodemographic characteristics in the German health
interview and examination survey for children and adolescents (KiGGS) -
operationalisation and public health significance, taking as an example
the assessment of general state of health. Bundesgesundheitsblatt,
Gesundheitsforschung, Gesundheitsschutz 2007, 50(5–6):578–589.

21. Schenk L, Ellert U, Neuhauser H: Children and adolescents in Germany
with a migration background. Methodical aspects in the german health
interview and examination survey for children and adolescents (KiGGS).
Bundesgesundheitsblatt, Gesundheitsforschung, Gesundheitsschutz 2007,
50(5–6):590–599.

22. Knopf H: Medicine use in children and adolescents. Data collection and
first results of the German health interview and examination survey for
children and adolescents (KiGGS). Bundesgesundheitsblatt,
Gesundheitsforschung, Gesundheitsschutz 2007, 50(5–6):863–870.

23. Gelbe liste. 2005. www.gelbe-liste.de.
24. Rote liste. 2005. www.rote-liste.de.
25. Muhlbauer B: Off-label Use of prescription drugs in childhood and

adolescence-an analysis of prescription patterns in Germany reply.
Deutsches Arzteblatt Int 2009, 106(12):210–210.

26. Choonara I: Unlicensed and off-label drug use in children: implications
for safety. Expert Opin Drug Saf 2004, 3(2):81–83.

27. Bajcetic M, Jelisavcic M, Mitrovic J, Divac N, Simeunovic S, Samardzic R,
Gorodischer R: Off label and unlicensed drugs use in paediatric
cardiology. Eur J Clin Pharmacol 2005, 61(10):775–779.

28. Jong GW T, van der Linden PD, Bakker EM, van der Lely N, Eland IA, Stricker BH,
van den Anker JN: Unlicensed and off-label drug use in a paediatric ward of a
general hospital in the Netherlands. Eur J Clin Pharmacol 2002, 58(4):293–297.

29. Schirm E, Tobi H, de Jong-van den Berg LTW. Unlicensed and off label
drug use by children in the community: cross sectional study. Brit Med J
2002, 324(7349):1312–1313.

http://wwwemaeuropaeu/docs/en_GB/document_library/Presentation/2009/10/WC500004243pdf
http://wwwemaeuropaeu/docs/en_GB/document_library/Presentation/2009/10/WC500004243pdf
http://www.gelbe-liste.de
http://www.rote-liste.de


Knopf et al. BMC Public Health 2013, 13:631 Page 12 of 12
http://www.biomedcentral.com/1471-2458/13/631
30. Porta A, Esposito S, Menson E, Spyridis N, Tsolia M, Sharland M, Principi N:
Off-label antibiotic use in children in three European countries.
Eur J Clin Pharmacol 2010, 66(9):919–927.

31. Dryden M, Johnson AP, Ashiru-Oredope D, Sharland M: Using antibiotics
responsibly: right drug, right time, right dose, right duration.
J Antimicrob Chemother 2011, 66(11):2441–2443.

32. McDonnell Norms G: Antibiotic overuse: the influence of social norms.
J Am Coll Surg 2008, 207(2):265–275.

33. Faden D, Faden HS: The high rate of adverse drug events in children
receiving prolonged outpatient parenteral antibiotic therapy for
osteomyelitis. Pediatr Infect Dis J 2009, 28(6):539–541.

34. Granowitz EV, Brown RB: Antibiotic adverse reactions and drug
interactions. Critical care clinics 2008, 24(2):421–442. xi.

35. Novotny J, Novotny M: Adverse drug reactions to antibiotics and major
antibiotic drug interactions. Gen Physiol Biophys 1999, 18 Spec No:126–139.

36. Ekins-Daukes S, McLay JS, Taylor MW, Simpson CR, Helms PJ: Antibiotic
prescribing for children. Too much and too little? Retrospective
observational study in primary care. Br J Clin Pharmacol 2003, 56(1):92–95.

37. Ahmed U, Spyridis N, Wong IC, Sharland M, Long PF: Dosing of oral
penicillins in children: is big child = half an adult, small child = half a big
child, baby = half a small child still the best we can do? BMJ 2011,
343:d7803.

38. Menson EN, Walker AS, Sharland M, Wells C, Tudor-Williams G, Riordan FAI,
Lyall EGH, Gibb DM, St CHPS: Underdosing of antiretrovirals in UK and
Irish children with HIV as an example of problems in prescribing
medicines to children, 1997–2005: cohort study. Brit Med J 2006,
332(7551):1183–1186.

39. Kazouini A, Mohammed BS, Simpson CR, Helms PJ, McLay JS: Paracetamol
prescribing in primary care: too little and too much? Br J Clin Pharmacol
2011, 72(3):500–504.

40. Du Y, Knopf H: Self-medication among children and adolescents in
Germany: results of the national health survey for children and
adolescents (KiGGS). Br J Clin Pharmacol 2009, 68(4):599–608.

41. Bi P, Tong S, Parton KA: Family self-medication and antibiotics abuse for
children and juveniles in a Chinese city. Social Sci Med 2000,
50(10):1445–1450.

42. Kogan MD, Pappas G, Yu SM, Kotelchuck M: Over-the-counter medication
use among US preschool-age children. Jama-J Am Med Assoc 1994,
272(13):1025–1030.

43. Tobi H, Meijer WM, Tuinstra J, den de Jong-van BLTW: Socio-economic
differences in prescription and OTC drug use in Dutch adolescents.
Pharm World Sci 2003, 25(5):203–206.

doi:10.1186/1471-2458-13-631
Cite this article as: Knopf et al.: Off-label medicine use in children and
adolescents: results of a population-based study in Germany. BMC Public
Health 2013 13:631.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit



34 
 

 
 
Publikation 2 

 
Severe sustained cholestatic hepatitis following temozolomide in a patient with 
glioblastoma multiforme: case study and review of data from the FDA adverse event 
reporting system. 
Sarganas G1, Orzechowski HD, Klimpel A, Thomae M, Kauffmann W, Herbst H, 
Bronder E, Garbe E 
Neuro Oncol. 2012 May;14(5):541-6. Epub 2012 Mar 6. 
 
DOI:    http://dx.doi.org/10.1093/neuonc/nos056 
 

http://dx.doi.org/10.1093/neuonc/nos056


40 
 

Publikation 3 

 
Epidemiology of symptomatic drug-induced long QT syndrome and Torsade de 
Pointes in Germany. 
Sarganas G1, Garbe E, Klimpel A, Hering RC, Bronder E, Haverkamp W. 
Europace. 2014 Jan;16(1):101-8. doi: 10.1093/europace/eut214. Epub 2013 Jul 5. 
 
DOI:    http://dx.doi.org/10.1093/europace/eut214 

 

 

http://dx.doi.org/10.1093/europace/eut214


48 

 

 Curriculum Vitae 
 

 

 
 "Mein Lebenslauf wird aus datenschutzrechtlichen Gründen in der elektronischen 

Version meiner Arbeit nicht veröffentlicht."



49 

 

Publikationsliste 
 
Pharmacoepidemiology of common colds and upper respiratory tract infections in 
children and adolescents in Germany. 
Eckel N, Sarganas G, Wolf IK, Knopf H. 
BMC Pharmacol Toxicol. 2014 Aug 9;15:44. doi: 10.1186/2050-6511-15-44. PMID: 25106446 

 

Primary prevention in general practice - views of German general practitioners: a 
mixed-methods study. 
Holmberg C, Sarganas G, Mittring N, Braun V, Dini L, Heintze C, Rieckmann N, 
Muckelbauer R, Müller-Nordhorn J. 
BMC Fam Pract. 2014 May 25;15:103. doi: 10.1186/1471-2296-15-103. PMID: 24885100 

 

Epidemiology of symptomatic drug-induced long QT syndrome and torsade de 
pointes in Germany. 
Sarganas G, Garbe E, Klimpel A, Hering RC, Bronder E, Haverkamp W. 
Europace. 2014 Jan;16(1):101-8. doi: 10.1093/europace/eut214. Epub 2013 Jul 5. PMID: 23833046 

 

Off-label medicine use in children and adolescents: results of a population-based 
study in Germany. 
Knopf H, Wolf IK, Sarganas G, Zhuang W, Rascher W, Neubert A. 

BMC Public Health. 2013 Jul 3;13:631. doi: 10.1186/1471-2458-13-631. 

 

Association between water consumption and body weight outcomes: a systematic 
review. 
Muckelbauer R, Sarganas G, Grüneis A, Müller-Nordhorn J. 
Am J Clin Nutr. 2013 Aug;98(2):282-99. doi: 10.3945/ajcn.112.055061. Epub 2013 Jun 26. Review. 
PMID:23803882 

 

Home visit delegation in primary care: acceptability to general practitioners in the 
state of Mecklenburg-Western Pomerania, Germany. 
Dini L, Sarganas G, Heintze C, Braun V. 
Dtsch Arztebl Int. 2012 Nov;109(46):795-801. doi: 10.3238/arztebl.2012.0795. Epub 2012 Nov 6.PMID:23264828  

 

Severe sustained cholestatic hepatitis following temozolomide in a patient with 
glioblastoma multiforme: case study and review of data from the FDA adverse event 
reporting system. 
Sarganas G, Orzechowski HD, Klimpel A, Thomae M, Kauffmann W, Herbst H, 
Bronder E, Garbe E. 
Neuro Oncol. 2012 May;14(5):541-6. doi: 10.1093/neuonc/nos056. Epub 2012 Mar 6. Review.PMID: 22394496 

 

German GPs' willingness to expand roles of physician assistants: a regional survey 
of perceptions and informal practices influencing uptake of health reforms in 
primary health care. 
Dini L, Sarganas G, Boostrom E, Ogawa S, Heintze C, Braun V. 
Fam Pract. 2012 Aug;29(4):448-54. doi: 10.1093/fampra/cmr127. Epub 2012 Jan 27. PMID: 22286504 

 

Constraints, synergies and avenues for scaling up breastfeeding, antibiotics for 
pneumonia and IMCI interventions in the Cusco region, Peru. 
Sarganas G, Scherpbier R, Gericke CA. 
F1000Res. 2012 Dec 5;1:60. doi: 10.12688/f1000research.1-60.v1. eCollection 2012. PMID: 24358831  

 

http://www.ncbi.nlm.nih.gov/pubmed/23833046
http://www.ncbi.nlm.nih.gov/pubmed/23833046
http://www.ncbi.nlm.nih.gov/pubmed/23822744
http://www.ncbi.nlm.nih.gov/pubmed/23822744
http://www.ncbi.nlm.nih.gov/pubmed/23803882
http://www.ncbi.nlm.nih.gov/pubmed/23803882
http://www.ncbi.nlm.nih.gov/pubmed/23264828
http://www.ncbi.nlm.nih.gov/pubmed/23264828
http://www.ncbi.nlm.nih.gov/pubmed/22394496
http://www.ncbi.nlm.nih.gov/pubmed/22394496
http://www.ncbi.nlm.nih.gov/pubmed/22394496
http://www.ncbi.nlm.nih.gov/pubmed/22286504
http://www.ncbi.nlm.nih.gov/pubmed/22286504
http://www.ncbi.nlm.nih.gov/pubmed/22286504
http://www.ncbi.nlm.nih.gov/pubmed/24358831
http://www.ncbi.nlm.nih.gov/pubmed/24358831


50 

 

Acknowledgement 
 
I am deeply grateful to: 
 
My supervisor Prof. Edeltraut Garbe for her commitment, admirable expertise and 
outstanding mentoring during this work 
 
Dr. Elisabeth Bronder, Andreas Klimpel, Dr. Hildtraud Knopf and PD Dr. Frank 
Andersohn for their trust, for facilitating the work and for giving me courage to strive 
towards my goal 
 
Dr. Rebecca Muckelbauer for her remarkable help in revising the abstracts  
 
Dr. Lorena Dini for her thorough review and continuous support during the whole 
process 
 
Finally, I thank ADGB, for the help in making this dissertation a great success 


	Publikation Off-Label.pdf
	Off Label BMC Public Health 2013.pdf
	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection and study population
	Definition of health-related and socio-demographic variables
	Assessment of medicine use
	Data processing
	Quality control
	Statistical analysis

	Results
	Prevalence and determinants of off-label use
	Spectrum of off-label use
	Quality control

	Discussion
	Principle findings
	Strengths and limitations
	Prevalence and determinants of off-label medicine use
	Spectrum of off-label medicine use

	Conclusions
	Competing interest
	Authors’ contributions
	Acknowledgments
	Author details
	References





