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Zusammenfassung 

Antidepressiva gehören seit vielen Jahren zu den am häufigsten verschrie-

benen Arzneimitteln, und ihre Anwendung findet auch in vulnerablen Pa-

tientengruppen wie Ältere und Schwangere statt. Allerdings sind für diese 

Gruppen wenige Informationen zur Anwendung sowie zur Sicherheit der 

Anwendung verfügbar. Ursächlich hierfür ist mitunter, dass vulnerable 

Gruppen in klinischen Studien zur Sicherheit von Arzneimitteln aus ver-

schiedenen Gründen oftmals unterrepräsentiert oder gar ausgeschlossen 

sind. Gleichzeitig sind dadurch die in den klinischen Studien gewonnenen 

Erkenntnisse nicht 1:1 auf die vulnerablen Patientengruppen übertragbar, 

da Unterschiede hinsichtlich Komorbiditäten, Komedikationen und Phar-

makokinetik bestehen. Es werden daher weitere Studien unter Realbedin-

gungen benötigt, um tatsächliche Anwendungsgebiete, Nutzergruppen 

und die Sicherheit zu beschreiben. Primärdatenbasierte Studien sind hier 

nicht immer möglich oder ausreichend.  

Im Rahmen dieser Dissertation werden daher mittels der Daten der Phar-

makoepidemiologischen Forschungsdatenbank GePaRD der Gebrauch und 

die Sicherheit von Antidepressiva bei Älteren und Schwangeren unter-

sucht. Hierbei wird mittels einer eingebetteten Fall-Kontroll-Studie basie-

rend auf einer Kohorte von Antidepressiva-Neunutzern das Risiko für 

Schlaganfälle durch Hirnblutung als potentielle Nebenwirkung geschätzt. 
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Basierend auf älteren Antidepressiva-Neunutzern wird zudem beschrie-

ben, wie häufig Antidepressiva ohne das Vorliegen einer Indikation ver-

schrieben werden. Weiterhin werden Schwangerschaften charakterisiert, 

in deren Verlauf Johanniskraut als Antidepressivum verschrieben wurde. 

Hierbei wird auch das relative Risiko von Fehlbildungen bei Kindern, deren 

Mütter im ersten Trimester Johanniskraut eingenommen haben, im Ver-

gleich zu Kindern, deren Mütter im zweiten oder dritten Trimester Johan-

niskraut eingenommen haben, ermittelt.  

Es wird dabei aufgezeigt, dass der Gebrauch von bestimmten Antidepres-

siva, die die Wiederaufnahme von Serotonin oder Noradrenalin hemmen, 

im Vergleich zu Antidepressiva ohne diese Eigenschaft bei älteren Men-

schen zu einem erhöhten Risiko für das Auftreten von Schlaganfällen 

durch Hirnblutung führt. Zudem werden Antidepressiva in dieser Perso-

nengruppe häufig außerhalb der zugelassenen Indikationen (off-label) ver-

schrieben. Gleichzeitig bieten die Ergebnisse Anlass zur Vermutung, dass 

Ärzte die Indikationen verschiedener Antidepressiva nicht zwingend be-

achten. Diese Annahme beruht darauf, dass mit Schlafstörungen und 

Schmerzsyndromen zwei Grunderkrankungen als potentielle indizierende 

Erkrankungen erkannt wurden, die nur bei bestimmten Antidepressiva zu-

gelassene Indikationen darstellen. Weiterhin zeigt sich, dass Johanniskraut 

als pflanzliches Antidepressivum trotz fehlender Informationen zur Sicher-
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heit während der Schwangerschaft insbesondere während des ersten Tri-

mesters angewendet wird. Hinweise bestehen auf ein (nicht signifikant) 

erhöhtes Risiko von Herzseptumdefekten bei Exposition im ersten Trimes-

ter im Vergleich zum zweiten oder dritten Trimester. 

Die Ergebnisse verdeutlichen, dass Antidepressiva trotz unzureichender 

Informationen aus klinischen Studien zur Sicherheit durch Unterrepräsen-

tation häufig in vulnerablen Patientengruppen angewendet werden. Dabei 

zeigt sich, dass aufgrund der Unterschiede zwischen verschiedenen Wirk-

stoffen hinsichtlich des Risikos für Schlaganfälle durch Hirnblutungen und 

der verschiedenen Indikationen stärker auf die einzelnen Risikoprofile der 

Wirkstoffe, aber auch auf die Patientencharakteristika bei der Verschrei-

bung von Antidepressiva geachtet werden muss. Risiken und Nutzen des 

Gebrauchs sollten vorsichtig gegeneinander abgewogen werden bevor 

Antidepressiva verschrieben werden. Dabei sollten unnötige Risiken durch 

die Verwendung von Antidepressiva mit bekannt schlechterem Nebenwir-

kungsprofil oder durch eine Anwendung außerhalb der bestehenden Indi-

kationen vermieden werden. Die Erkenntnisse zum Johanniskrautge-

brauch zeigen, dass pflanzliche Alternativen zu konventionellen Antide-

pressiva durchaus Anwendung finden, auch wenn hiervon mangels Infor-

mationen zur Sicherheit von Arzneimittelbehörden abgeraten wird. Zudem 

zeigt sich mit dem (nicht signifikant) erhöhten relativen Risiko, dass eine 



V 
 

Einnahme von Johanniskraut nur nach strengster Risikoabwägung erfolgen 

sollte.  

Für beide vulnerablen Gruppen ist abschließen festzuhalten, dass durch 

die Ärzte eine genaue Risiko-Nutzen-Abwägung bei der Anwendung von 

Antidepressiva erfolgen sollte. Dabei sollte weiterhin stärker auf die be-

kannten Risiken und bestehenden Indikationen geachtet sowie die Unter-

schiede zwischen verschiedenen Wirkstoffen innerhalb einer Wirkstoff-

gruppe geachtet werden. Für alle vorgestellten Anwendungsfälle sind wei-

tere Studien angebracht, um die gewonnenen Erkenntnisse zu prüfen, 

weiter zu ergänzen oder auch zu untermauern. 
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Summary 

Antidepressants have been among the most commonly prescribed medi-

cations for many years, and they are also used in vulnerable patient 

groups such as the elderly and pregnant women. However, little infor-

mation is available on the use and safety of antidepressant use for these 

groups. One of the main reasons is that vulnerable groups are often un-

derrepresented or even excluded from clinical trials on the safety of drugs, 

for various reasons. At the same time, the findings obtained in the clinical 

studies cannot be transferred 1:1 to the vulnerable patient groups due to 

differences in comorbidity, comedication and pharmacokinetics. There-

fore, further studies under real-life conditions are needed to describe 

fields of application, user groups and safety of antidepressants under real-

life conditions. Here, studies based on primary data collection are not al-

ways possible or sufficient.  

Within this dissertation the use and safety of antidepressants in the elder-

ly and pregnant women as two important groups of vulnerable patients 

will therefore be investigated, using data from the Pharmacoepidemiolog-

ical Research Database GePaRD. Based on case-control study nested in a 

cohort of antidepressant users, the risk of stroke due to brain haemor-

rhage as a potential adverse event is estimated. Based on the cohort of 

older antidepressant initiators, the frequency of antidepressant prescrib-
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ing at the absence of an indicating diagnosis, i.e. off-label use, is also de-

scribed. Furthermore, pregnancies exposed to St. John's wort as an anti-

depressant are characterized. The relative risk of malformations in chil-

dren whose mothers used St. John's wort during the first trimester com-

pared to children whose mothers used St. John's wort in the second or 

third trimester is also determined.  

Within these studies, it is shown that the use of certain antidepressants 

inhibiting the reuptake of serotonin or noradrenaline compared to other 

antidepressants without this mode of action leads to an increased risk of 

haemorrhagic stroke in the elderly compared with antidepressants with-

out this property. In addition, antidepressants are frequently prescribed 

outside the approved indications (off-label) in this group of persons. At 

the same time, the results give reason to suspect that physicians do not 

necessarily observe the indications for various antidepressants. This can 

be assumed as sleep disorders and pain syndromes, which are approved 

indications for certain antidepressants only, were identified as potential 

indications in many patients. Furthermore, it appears that St. John's wort 

as an herbal antidepressant is used during pregnancy, especially during 

the first trimester, despite a lack of information on safety. The results hint 

at a (nonsignificant) increased risk of cardiac septal effects for babies ex-
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posed in utero during the first trimester compared with the second or 

third trimester. 

The results highlight that antidepressants are frequently used in vulnera-

ble patient populations despite insufficient information from clinical trials 

on safety due to underrepresentation. Given the differences between dif-

ferent agents in terms of risk for stroke from cerebral haemorrhage and 

the different indications, the results show that more attention needs to be 

paid to the individual risk profiles of the agents, as well as to patient char-

acteristics when prescribing antidepressants. Risks and benefits of use 

should be carefully weighed before prescribing antidepressants. It should 

be avoided to take unnecessary risks by using antidepressants with known 

worse side effect profiles or by using them outside of existing indications. 

The evidence on St. John's wort use shows that herbal alternatives to con-

ventional antidepressants are indeed used, even if they are discouraged 

by drug authorities due to lack of information on safety. In addition, the 

(non-significantly) increased relative risk shows that St. John's wort should 

only be used after strict risk assessment.  

For both vulnerable groups, it can be concluded that physicians should 

perform a careful risk-benefit assessment when prescribing antidepres-

sants. Further, more attention should be warranted to the known risks 

and existing indications, as well as to the differences between various ac-
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tive substances within a group of active substances when prescribing anti-

depressants to vulnerable groups of patients. For all cases of application 

presented, further studies are needed in order to further evaluate, sup-

port or also substantiate the findings obtained. 
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1. Introduction 

1.1. Background & current state of research 

Over the past two decades, the use of antidepressants has increased 

worldwide (1). Current literature does not provide a conclusive picture 

whether this trends was also seen for depression (2, 3), but a recent study 

based on German claims data from the ambulatory setting covering the 

years 2009 to 2017 reports an increase of prevalence of depression (4). 

Thus, the rise in utilization can, at least to some extent, be explained for 

Germany by underlying disease trends. 

When prescribing antidepressants to patients, physicians should evaluate 

the benefits and especially the potential harm that might be caused to the 

patient when using the drug. In general, the knowledge on potential harm 

caused by the utilization of a drug is derived from (randomized) clinical 

trials (RCTs). As clinical trials are often too short, based on too few and in 

terms of inclusion criteria too narrowly selected patients with a too low 

median age and conducted in an optimum setting, also studies in real-

world settings are needed (5). This gave rise to the utilization of data col-

lected in routine care to be used for drug utilization and safety research 

(6-8). 
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For antidepressants, it is known that their use may cause a variety of ad-

verse drug reactions (ADRs), such as anticholinergic effects (tachycardia, 

urinary retention, anhidrosis, fever, constipation), cardiovascular diseases 

(arrhythmia, hypertension, prolongation or shortening of QT-time in echo-

cardiography), fractures, gastrointestinal symptoms and diseases (nausea, 

vomiting and diarrhoea), sedation, sleeping disorders, the serotonin syn-

drome, or weight gain (9, 10). 

The potential harm from ADR in antidepressant use might be increased by 

(a) interactions of the antidepressant with lifestyle factors and/or concom-

itant use of other drugs, (b) by disregarding patient characteristics that 

might influence the prescribed dosage of the antidepressant or the gen-

eral use of the drug, such as age, comorbidities or pregnancy, or (c) by us-

ing the drug for other purposes than the licensed indications (i.e. off-label 

use [OLU]), where information on safety may be missing or incomplete 

(11-13). 

Even though the aspects just described under a) to c) are expected to play 

a role in real-life settings, there is limited knowledge about these issues, 

especially for vulnerable groups of patients. It is difficult to obtain this in-

formation from primary data studies in real-life settings, as the specific 

vulnerable groups of patients are often hard to recruit for participation or 

exempt from participation for ethical reasons (14-19).  
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In the context of healthcare and medicine, vulnerability of a patient can be 

defined as being at risk or in a state of physical and/or emotional and/or 

cognitive harm, which makes the patient more susceptible to additional 

harm (14). Generally, vulnerable groups of patients can therefore be de-

fined by different factors such as age (with children and older adults being 

vulnerable), general health status, socio-economic factors and migrant 

status, among others.  

Among the adult population, older adults and pregnant women represent 

two vulnerable groups of patients which are often exempt from clinical 

trials. It is often considered unethical to conduct trials including pregnant 

women as the teratogenic potential of a drug may not be known and can-

not always be derived from animal studies, which in conclusion puts the 

foetus at risk (20). For older adults, the main reasons are comorbidity and 

use of other drugs for the treatment of these comorbidities with the in-

herent risk of ADR due to drug-drug-interactions (15, 21). Additionally, the 

assessment of drug utilization, life-style factors and factors influencing the 

prescribing behaviour of physicians in primary data studies can be chal-

lenging and prone to information bias (22, 23).  

Considering that drug utilization and safety affects more than one life dur-

ing pregnancy, and given the demographic change with an aging popula-

tion where unnecessary health risks due to unsafe medication should be 
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avoided, these groups of patients will be further investigated within this 

dissertation. 

The following sections therefore describe how adults aged 65 years and 

older, and pregnant women are represented in clinical trials, followed by a 

description of the current state of knowledge on the safety of antidepres-

sants in these vulnerable groups of patients.  

1.1.1 Representation of vulnerable groups of patients in drug utilization 

and drug safety research 

When studying drug safety in RCTs, inclusion of vulnerable patients de-

fined by age or overall health status is often restricted. Specifically, vul-

nerable groups of patients such as older adults and pregnant women 

should only be included in trials if they personally benefit or if the re-

search cannot be carried out in a non-vulnerable group (24). Hence, due 

to the underrepresentation in RCTs, insights on drug safety cannot be (ful-

ly) applied to these groups, and it is why researchers and others have 

urged for vulnerable groups to be considered more adequately in RCTs 

(14, 15, 25). 

Besides potential restrictions, recruiting vulnerable groups for observa-

tional studies can be difficult, as they might be hard to recruit (16-19). In 

observational studies where data on drug utilization and drug safety is col-



5 
 

lected by means of questionnaires or the brown-bag-method (participants 

are asked to show all medication they have at home when interviewed, 

which will then be reviewed by a pharmacist) (26, 27), bias might also oc-

cur as exposure is not or falsely remembered (27-29).  

1.1.1.1 Older Adults 

The inclusion and exclusion of older adults in clinical trials per se has been 

long studied and discussed. The exclusion of older adults from clinical tri-

als, especially in the pre-authorisation phase, has often been justified with 

differences in patient characteristics. However, in 1993 (i.e. almost 30 

years ago) a guideline for the inclusion of older adults in clinical trials de-

spite the differences in characteristics was published by the International 

Conference on Harmonisation of Technical Requirements for Registration 

of Pharmaceuticals for Human Use (ICH) (30). From this point forward, the 

principles of this guideline were implemented by authorities, such as the 

European Medicines Agency (EMA) and the US Food and Drug Administra-

tion (FDA). Further, pharmaceutical companies should have implemented 

and adhered to this guideline in the conduct of clinical trials pre-

authorization (15). 

Despite the need to include older adults into clinical trials to ensure drug 

utilization is safe also in this more and more growing population, they of-
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ten still are exempt due to age-based cut-offs or diseases which are in-

creasing in prevalence with age (17, 19, 31). Further, even if all boundaries 

were set aside or lowered, one difficulty still remains when wanting to in-

clude more older adults into trials, as van Marum points out: there often is 

a generally lower willingness or motivation in this population to partici-

pate in trials (15). 

The non-inclusion of older adults into clinical trials for the investigation of 

drug safety subsequently leads to certain problems in everyday care. One 

major concern lies within the differences of pharmacokinetics in young- to 

middle-aged adults – who represent the majority of people included in 

clinical trials – compared to older adults (19, 32). In older adults, the me-

tabolism is often slower and thus, the drug may also be metabolised at a 

lower rate (33, 34). This would call for an adaptation of medication by for 

example reducing the dosage given to prevent potential overdosing (34).  

For other observational primary data studies, such as cohort studies, in-

clusion of older adults is more feasible than for clinical trials as the inclu-

sion criteria are less restrictive. Further, recruiting can be directly targeted 

at this group of patients, enhancing the chance of participation (21, 32). 

Hence, observational studies on drug utilization and drug safety with pri-

mary data collection are conducted to gain real-world insights.  
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However, primary data studies may not always be the perfect choice in 

drug utilization and drug safety research, as assessment of drug exposure 

is prone to recall bias. This is of even more concern in older adults where 

polypharmacy is highly prevalent and where recall bias might additionally 

be influenced by loss of memory (28, 29, 34, 35). 

Overall, under-representation, the aforementioned obstacles that may not 

be fully resolvable to ensure a more frequent inclusion of older adults in 

clinical trials, as well as the risk of recall-bias in combination with difficul-

ties in recruiting older adults for observational primary data studies on 

drug utilization and drug safety are still prevailing. Aiming for a safe utili-

zation of drugs in older adults, it is therefore necessary a) for physicians to 

be cautious when prescribing drugs where there is only little information 

on the safety in older adults, and b) to conduct studies on the safety of 

drugs when used by older adults using real-world data such as claims data. 

1.1.1.2 Pregnant women 

Pregnancy is a very vulnerable phase in life, as actions and decisions for 

the health and well-being do not only affect the mother, but may also 

have an impact on the health of the unborn baby. It is therefore crucial 

that women can be assured about the safety of drug treatment not only 
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for themselves during the different phases of the pregnancy, but also for 

the unborn baby (25).  

For more than 20 years, an increase in the utilization of drugs, both pre-

scription and over-the-counter (OTC), during pregnancy has been ob-

served in many countries in Europe and the US (36). The studies by Lupa-

telli and colleagues (37) for Europe and Mitchell and colleagues (38) for 

the US univocally report the use of at least one drug excluding vitamins, 

mineral supplements and iron in more than 80% of pregnancies. This in-

crease is assumed to be caused by a rising age of mothers during pregnan-

cy which is associated with an increased risk for complications and/or a 

rising prevalence of chronic conditions such as asthma, depression, diabe-

tes, hypertension or rheumatic diseases. Here, it is crucial for the mother’s 

health that treatment is continued during pregnancy (36). However, the 

safety of drugs has only been established for a few drugs while at the 

same time, some drugs such as valproate and retinoid drugs have been 

identified as safety threats due to their teratogenicity (37-39).  

Hence, the need for information on drug safety during pregnancy is by and 

large not met, and pregnant women are mostly excluded from clinical tri-

als, while newly occurring pregnancy in the course of a trial is also an ex-

clusion criterion (or women may only be included when using contracep-

tion) (14, 25, 40). An inclusion of pregnant women in clinical trials would 
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be crucial for three main reasons: 1) women may experience new medical 

conditions needing treatment during pregnancy – examples would be hy-

pertension, diabetes or depression – or suffer from persistent diseases 

(that may exacerbate during pregnancy) that need to be continuously 

treated also during pregnancy, e.g. asthma and depression, and treatment 

should be safe and effective (40, 41); 2) pregnancy invokes changes in the 

female body that affect many organ systems, increasing the likelihood that 

also pharmacokinetics is different during pregnancy which potentially 

causes changes in drug effects (36, 40, 41); 3) establishing safety of drug 

use for the foetus (40). 

As these factors have not (yet) lead to a widespread inclusion of pregnant 

women in clinical trials, other approaches and methods but primary data 

study have been and need to be further explored to gain knowledge on 

this subject, e.g. by using secondary data (6, 42-45).  

1.1.2 Utilization and safety of antidepressants 

1.1.2.1 Older adults 

As stated above, it is necessary to conduct studies on the utilization and 

safety of antidepressants in older adults using both primary and secondary 

data, as older adults are often exempt from clinical trials. Still, older adults 

also need treatment for depression, anxiety and other disorders for which 



10 
 

antidepressants are indicated (46, 47). Due to the insufficient considera-

tion of older adults in trials in combination with both age-related changes 

of the metabolism and an age-correlated increase of comorbidities to be 

treated with drugs (34, 35), there is uncertainty related to risk of adverse 

drug reactions when using antidepressants.  

Studies have focussed on general characteristic of older adults using anti-

depressants (48, 49), the prescribing patterns (and inherently the dosage) 

(50-52) as well as on the adequacy of prescribing of antidepressants to 

older adults (53, 54). However, little is known so far on the use of antide-

pressants for indications other than those licensed, i.e. OLU in older 

adults. As there is no information on the safety of OLU in the general adult 

population from trials as well, OLU is also a safety concern.  

There is an increasing pool of studies investigating the safety of antide-

pressant use in older adults, having established a firm knowledge base on 

the risk of ADR such as gastro-intestinal bleedings (55, 56) and fractures or 

falls (57-59) . However, there are also potential adverse events for which 

the results from different studies are inconclusive. Among these is the 

haemorrhagic stroke (58, 60-66), which is a very severe adverse reaction 

with a reported case-fatality of 30-50% within the first month after dis-

ease onset (67-69). Both incidence and fatality of haemorrhagic stroke in-
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crease with age (68). Some of the inconclusiveness may be attributed to 

differences in methodology, as pointed out in a systematic review (70). 

1.1.2.2 Pregnant women 

Antidepressants are needed for the treatment of newly occurring depres-

sive disorders and as maintenance therapy. Discontinuation of treatment 

of known (psychiatric) disorders with antidepressants is a threat to the 

mother’s health, and thus in consequence also for the baby’s health. 

However, due to the exclusion of pregnant women in trials as described 

above, the safety of antidepressant use during pregnancy has been largely 

understudied. Only within the last about 10 to 15 years and in light of the 

global rise of antidepressant use, the knowledge on the safety of antide-

pressant use during pregnancy has been broadened (71).  

The major driving force for this has been the exploration of secondary da-

ta to study drug utilization and drug safety during pregnancy (6, 43, 72-

76). Studies based on secondary data have played a large role in establish-

ing knowledge on which drugs are used when during pregnancy, and the 

pregnancy outcomes after drug use during pregnancy (77-80). More and 

more evidence based on real-world data is showing that the utilization of 

selective serotonin reuptake inhibitors (SSRIs) during the first trimester 

(e.g. citalopram, paroxetine) leads to an increase in the risk of cardiac mal-
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formations (71). However, by and large, the herbal antidepressant St. 

John’s wort is not included in the investigations of the safety of antide-

pressant use during pregnancy (78, 79, 81, 82). At the same time, the utili-

zation of herbal and alternative medicines is rising globally, especially in 

women (83). A recent multi-national study found that about 30% of preg-

nant women used herbal medicines during pregnancy (84), while previous 

studies had reported prevalence between 1% and 57% (85-87). Further, as 

they are plant-based, such medicines as St. John’s wort are often deemed 

a safe alternative to conventional medicines, and in this case antidepres-

sant specifically (85, 88, 89). Even though authorities like the EMA advise 

to not use St. John’s wort due to the missing information (90), it is likely 

that St. John’s wort is nonetheless used during pregnancy as it is sold over 

the counter in drug stores and pharmacies.  

Investigating the use of St. John’s wort based on secondary data is not 

possible in most databases, as St. John’s wort is not a prescription drug in 

most countries. In Germany, on the other hand, St. John’s wort is available 

as both prescription and OTC medicine in the same strength. This poten-

tially enables studying the utilization and safety of St. John’s wort using 

claims data. 
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1.2. Objectives and research questions 

Given the above stated lack of inclusion of vulnerable groups of patients in 

clinical trials in combination with the general increase of antidepressant 

prescriptions and the potential risks associated with antidepressant use, it 

is of public health relevance (a) to assess how antidepressants are used in 

real-life settings in vulnerable groups of patients and (b) to identify possi-

ble risks using real-world data, notably for older adults and pregnant 

women. 

Automated databases containing health related information such as 

claims or medical record databases can help overcome some of the limita-

tions presented, as they are largely unselected with respect to (among 

others) age and sex, and include information from everyday healthcare 

including drug prescriptions or dispensations. Thus, they facilitate studying 

drug utilization and drug safety in vulnerable groups of patients such as 

older adults. Applying suitable algorithms even opens the opportunity to 

conduct drug utilization and drug safety studies in pregnant women. 

Hence, they are a helpful source of data in cases where inclusion into trials 

and also non-trial primary data studies may be ethically not possible or 

questionable for populations, e.g. pregnant women. One such database is 

the German Pharmacoepidemiological Research Database (GePaRD), 
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which holds claims information from four statutory health insurance pro-

viders (SHIs) in Germany and which has been used and explored for drug 

utilization and drug safety research. 

Against this backgroud, this dissertation aims to provide further insights 

on antidepressant use in vulnerable groups of patients based on real-

world data, focusing on older adults and pregnant women. Specifically, 

the following research questions will be answered using GePaRD data: 

1. Do antidepressants increase the risk of stroke due to brain haemor-

rhage in older adults and is there a difference in risk between indi-

vidual substances? 

2. What is the proportion of off-label use of antidepressants in older 

adults and what are potential factors for off-label prescribing? 

3. When is St. John’s wort administered during pregnancy, how can 

pregnant women using St. John’s wort be characterised and what 

are the outcomes of exposed pregnancies? 

By answering these questions, the usability of GePaRD for specific aspects 

of drug utilization research will also be investigated further. 
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2. Definitions and methods 

To answer the proposed research questions, three studies were conduct-

ed. Within this chapter, the underlying data, definitions and methods will 

be described. 

2.1. The German Pharmacoepidemiological Research Database 

(GePaRD) 

The three investigations included in this dissertation are all based on 

claims data as GePaRD data were always used. GePaRD is a claims data-

base including data from four German SHIs. As three out of the four health 

insurances are operating nation-wide, GePaRD covers all geographic re-

gions of Germany. As of 2021, GePaRD includes data from more than 25 

million patients who have been insured with one of the SHIs since 2004 or 

later until 2019 latest. About 20% of the German population are repre-

sented in GePaRD (91, 92).  

Besides core data including sociodemographic factors and insurance peri-

ods, GePaRD holds data on outpatient treatments (coded according to the 

“Einheitlicher Bewertungsmaßstab” [EBM, English: Uniform Assessment 

Standard]), in- and outpatient diagnoses (coded according to the Interna-

tional Classification of Diseases, 10th revision, German modification [ICD-

10-GM]), operations and procedures (coded according to the “Opera-
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tionen- und Prozedurenschlüssel” [OPS, English operations and proce-

dures key]) and reimbursed outpatient drug dispensations (classified ac-

cording the Anatomical Therapeutic Chemical Classification System [ATC]) 

(92).  

As it is a legal obligation for people living in Germany to have health insur-

ance and as SHIs are forced by law to contract any citizen of Germany who 

wishes to be insured at the respective SHI, GePaRD is unselected with re-

spect to age, sex and certain other factors such as race and migrant status. 

Related to income status, GePaRD is relatively unselected, as people 

above a certain annual income threshold, self- and state-employed people 

may chose private health insurance (applies to income-threshold, self-

employment and public servants). Thus, there might be an underrepresen-

tation of higher incomes. Unemployed people or people on retirement 

(excluding those with private health insurance) are also included in 

GePaRD (92). 

2.2. Exposure: Antidepressants 

Antidepressants are medication used for the treatment of neuro-

psychiatric disorders, especially depression (93). The utilization of an anti-

depressant in the treatment of depression depends on the causes and 

symptoms of the disease, as well as on the severity and patient character-
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istics (94, 95). Despite extensive research, the full mechanisms of why and 

how antidepressants work have not been fully identified yet (93, 96). Cur-

rently, it is known that there is an imbalance of neurotransmitters, espe-

cially of serotonin, in the synaptic gap. Further, an increase of levels of 

serotonin in the synaptic gap needs to be achieved for faster remission of 

depression (93, 96). However, an increase of serotonin-levels is already 

measurable a few hours after first application of an antidepressant, while 

improvement of mental health only manifests after several days to weeks. 

It has therefore been hypothesized that there are secondary and tertiary 

mechanisms following the increase of serotonin levels related to function-

al connectivity of different regions of the brain and to neuroplasticity (97, 

98). Potentially, these mechanisms are activated or boosted by the higher 

levels of serotonin and cause the depression to improve (93).  

Looking at the different antidepressants, there are two aspects that are 

primarily considered to classify antidepressants: (a) their chemical struc-

ture and/or (b) their pharmacological profile. Older classification systems 

focus on the chemical structure, while newer systems focus on the prima-

ry target point in the central nervous system of each respective antide-

pressant (96). Within this dissertation, antidepressants were classified in 

close relation to their primary target point in the central nervous system, 

as also suggested by e.g. Regen and Benkert (96): i) tricyclic antidepres-
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sants (TCA; also called non-selective monoamine oxidase inhibitors), ii) 

selective serotonin reuptake inhibitors (SSRI), iii) monoamine oxidase in-

hibitors (MAO), iv) selective serotonin and noradrenaline reuptake inhibi-

tors (SSNRI), v) noradrenergic and specific serotonergic antidepressants 

(NaSSA), vi) noradrenaline reuptake inhibitors (NARI), vii) herbal antide-

pressants, viii) antidepressants with other mechanisms (for the purpose of 

this dissertation referred to as other antidepressants). Appendix A. shows 

which active substances identified by their ATC-code have been consid-

ered for which category. Only active substances which had marketing au-

thorisation in Germany between 2004 and 2017 are included in this list, as 

these are the substances available in Germany during the study periods of 

the investigations for this dissertation. 

Within GePaRD, drugs can be identified via their ATC-code. For the pur-

pose of this dissertation, all active substances identified by the ATC code 

“N06A” were considered as antidepressants. Exceptions from this are 

specified for each individual study, if necessary. As the prescribed daily 

dose and the dosage regimen are not included in GePaRD, duration of ex-

posure has to be estimated. Using the defined daily dose (DDD) included 

in each package dispensed and the number of packages dispensed, dura-

tion of exposure is estimated by multiplying the DDDs per package with 

the respective amount of packages (92, 99).  
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For several antidepressants, their mode of action relates to changes of the 

levels of serotonin in the human body. Serotonin is also involved in hae-

mostasis, which potentially interferes with other personal risk factors of 

antidepressant users. The following section therefore describes role of 

serotonin in haemostasis and potential related risks. 

2.2.1. Serotonin and its role in haemostasis 

Serotonin is an amine that is involved in several processes throughout the 

body (100). It is mainly produced in the gastro-intestinal structures of the 

human body and does not cross the blood-brain-barrier. Therefore, sero-

tonin needed as a neurotransmitter in the central-nervous system is pro-

duced locally (101).  

In the synaptic cleft, serotonin primarily acts as a neurotransmitter by ac-

tivating the serotonergic receptors (93, 100). An imbalance of serotonin 

levels causing a dysfunction of neurotransmission is part of the pathogen-

esis of depression (100).  

Besides its role as a neurotransmitter, serotonin is also involved in the 

blood clotting processes of the body (100, 102). To be transported in the 

blood, serotonin is taken up from plasma by thrombocytes and stored in 

the granules (100, 101). Once the process of coagulation is started (e.g. 

due to trauma), serotonin is released from the thrombocytes into the 
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blood. This causes an activation of serotonin receptors on the membrane 

of the platelets, which then promotes aggregation. While serotonin alone 

only has little effect, it enhances the effect of adenosine diphosphate, 

which is responsible for platelet activation (100, 102). Additionally, sero-

tonin also promotes platelet aggregation where collagen is involved (100).  

Some antidepressants, e.g. citalopram, fluoxetine, reboxetine and ven-

lafaxine, inhibit the reuptake of serotonin (93, 100, 102): a) in the synaptic 

cleft by inhibition of carrier proteins at the presynaptic neuron causing 

serotonin to be available in the synaptic cleft for a longer time (93); b) 

generally in blood from plasma by thrombocytes causing lower serotonin 

levels in the platelets (100) and/or by hampering adhesion of platelets to 

collagen or fibrinogen (103). Based on this mechanism, it has been argued 

that the utilizations of drugs inhibiting the (re-)uptake of serotonin into 

the human body may cause bleeding events as there are only insufficient 

amounts of serotonin to enhance coagulation (100, 102, 103). In short: 

such antidepressants could, in theory, be a risk factor for bleeding events. 

Studies have been conducted to investigate this theory of a potentially 

higher risk for bleeding events in the use of antidepressants inhibiting the 

reuptake of serotonin. While the evidence generated suggests univocally 

that the utilization of certain antidepressants, especially SSRIs such as 
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citalopram and fluoxetine, increases the risk of gastro-intestinal bleedings 

(55, 104-106), the evidence is not as clear for haemorrhagic stroke (70).  

To add further insights on both classes of antidepressants as well as indi-

vidual active substances with serotonergic properties and the potential 

risk of haemorrhagic stroke just described, the study for the first publica-

tion was conducted.  

As previously described, the use of antidepressants in two sub-entities of 

vulnerable groups of patients is the focus of this dissertation: older adults 

and pregnant women. The following sections define these populations, 

the respective aspects of drug utilization and the outcomes. 

2.3. Study population: older adults 

In accordance with many studies (57, 58, 107), older adults have been de-

fined as people aged 65 years or older for this dissertation. This cut-off is 

often used as this is in many cases the starting point of retirement and 

when pension benefits may be claimed. It is believed that the origin of 

such cut-offs and starting points lies in the German welfare system intro-

duced by the former imperial chancellor Otto von Bismarck (108). In 1889, 

a law on social welfare related to disability and age initiated by Bismarck 

was introduced whereby workers received pension benefits from an age 

of 70 and onwards (109). In 1911, this law was extended to salaried em-
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ployees who received pension benefits from an age of 65 and onwards 

(110). 

For underlying cohorts of the two studies focusing on older adults, age 

was assessed at the date of a first dispensation of an antidepressant after 

at least one year without a dispensation of an antidepressant. 

Two aspects regarding the general utilization as well as the safety of anti-

depressant use will be investigated in older adults and thus need to be 

defined: Haemorrhagic stroke and OLU.  

2.3.1. Haemorrhagic stroke 

A haemorrhagic stroke is a stroke due to rupture of vessels in the head, 

leading to allocation of blood in the head causing pressure onto the brain, 

as opposed to ischemic stroke which is caused by thrombosis in the brain 

or vessels leading towards the brain (67, 68).  

Worldwide, about 10 to 30 % of all strokes are haemorrhagic strokes (69), 

with 10-12% of strokes in Germany being due to brain haemorrhage. As 

for the ischemic stroke, the overall risk of experiencing the event rises 

with increasing age, and also the risk factors as well as the symptoms are 

similar (67, 68, 111). A distinction from ischemic stroke as well as the iden-

tification of the affected area can only be made by applying imaging pro-
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cedures such as magnetic resonance imaging (MRI) or computed tomog-

raphy scan (CT) (111). 

For haemorrhagic stroke, there are different sub-types depending on the 

location of the bleeding in the head: intracerebral bleedings – which is the 

main definition – and subarachnoid bleedings (68, 111, 112).  

Intracerebral bleedings are caused by mainly by spontaneous ruptures of 

small vessels in the brain tissue leading to bleedings directly into the brain 

tissue (67, 113). The risk factors, besides age, are hypertension and arteri-

osclerotic changes of vessels due to hypertension, angiopathy or malfor-

mations of vessels, smoking and alcohol abuse, as well as use of antico-

agulants (67). Depending on the size and location of the bleeding, progno-

sis for survival and disability differ, with 38% to 52% of cases dying within 

the first month after the event (67, 68).  

Generally, subarachnoid haemorrhages are bleedings into the subarach-

noid space, which is an area in the brain between the arachnoid tissue or 

membrane surrounding the brain, and the brain itself (114, 115). Most 

frequently (85%) these bleedings are caused by rupture of an aneurism 

(114-116). As opposed to intracerebral bleedings, CT- or MRI-scans may 

not show the haemorrhage, and an additional puncture of cerebrospinal 

fluid is therefore needed in diagnostics (114-116). The risk factors for sub-

arachnoid haemorrhage are similar to the risk-factors of intracerebral 



24 
 

bleeding with age, smoking, hypertension and excessive alcohol consump-

tion being the most frequent risk factors. Additionally, genetic predisposi-

tion for aneurism as well as low levels of progesterone in females are risk 

factors (114, 116). The case-fatality rate varies between 8% and 67% 

(114), while the WHO reports that about 45% of patients with subarach-

noid haemorrhage die within the first 30 days, and there is a 4.5-fold in-

crease in death within the first year following the event for patients sur-

viving the first month (69). 

Given the fact that age and hypertension, which is a condition frequently 

found in older adults, are risk factors for haemorrhagic stroke by them-

selves, reducing further potential risk factors in older adults should be of 

public health concern. 

For the context of the first publication for this dissertation, haemorrhagic 

stroke was defined as intracerebral bleeding, subarachnoid bleeding, as in 

accordance with previous publications and guidelines (60, 61, 64, 69, 112-

116). Further, as this can be differentiated based on ICD-10-GM codes, 

also non-traumatic intracranial bleedings were included into the defini-

tion. 
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2.3.2. Off-label use 

The aim of the study of the second publication was to estimate the pro-

portion of antidepressants used off-label.  

Generally, OLU can be defined as the use of drugs outside the licensed in-

dications (or in other words: at the absence of indicating diagnoses) or in 

groups of patients for whom the use of the drug is not licensed (117-120). 

Additionally, OLU may also be defined as the use of drugs at the presence 

of contra-indications (121). All factors are based on a) the clinical trials 

conducted to evaluate the safety of the drug prior to marketing authoriza-

tion (119), and at times also on b) studies such as phase IV trials or post-

authorisation safety studies investigating the safety of the drug in a real-

world setting (32). For the purpose of this dissertation, OLU will be de-

fined as the use of drugs, specifically antidepressants, at the absence of 

indicating diagnoses or if the drug is not licensed in the use of older adults 

generally or sub-groups of older adults.  

In clinical practice, OLU is a necessity as there are diseases for which no 

specific treatment is available. Additionally, vulnerable groups of patients 

are often treated off-label due to their vast exemption from clinical trials 

and the resulting lack of authorisation of the drug for these populations 

(11, 118-120). In these populations, OLU requires additional caution as the 

drug has not been tested thoroughly or at all. Therefore, unknown or un-
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expected adverse drug reactions might occur in OLU and further impair 

the patient’s health (11, 119). For older adults, this is even more relevant 

as the number of co-treated comorbidities rises with age and thus the risk 

of ADRs due to drug-drug interactions (54).  

When prescribing a drug off-label, physicians should also be aware of po-

tential legal implications. In Germany, § 84 of the “Arzneimittelgesetz” 

(AMG, “drug law”) describes that liability of the manufacturer in the event 

of death or harm due to a drug is only given if the drug is used appropri-

ately (paragraph 2, sentence 1) or if harm has been caused by insufficient 

or wrong labelling or professional information (paragraph 2, sentence 2) 

(122). Further, the “Arzneimittelrichtlinie” explicitly describes that OLU is 

only allowed if i) experts of the Federal Joint Committee and the manufac-

turer acknowledged that based on current research OLU is recommended 

in the therapeutic field, ii) the Federal Joint Committee has included this 

recommendation into the “Arzneimittelrichtlinie”, and iii) the manufac-

turer has approved the intended use and this is also documented in an 

appendix to the “Arzneimittelrichtlinie”. The physician then has to explicit-

ly inform the patient on the intended OLU, and is required to give notice 

about any ADR (paragraph 30) (123). 

Due to the given uncertainties regarding the safety of OLU, physicians 

should always inform a patient that a treatment would be off-label with 
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given uncertainties on the safety. Additionally, they should obtain in-

formed consent from the patient for OLU to rule out any legal conse-

quences in case of acute or lasting harms from adverse events (123).  

Despite the potential safety issues related to OLU, this is rarely studied in 

adults, let alone older adults, as compared to children and information on 

the magnitude of OLU there, patient characteristics and outcomes are 

scarce. This is due to OLU being easier to identify in children as many 

drugs are not licensed for paediatric use (124-126), while for adults the 

indications have to be investigated in most cases. With respect to claims 

data, this implies a challenge as the indication is not given on the prescrip-

tion and thus included in prescription data for most databases. For some 

drugs, and among these also the antidepressants agomelatine and reboxe-

tine, assessing OLU is also easy in older adults, as the use of these drugs is 

not licensed in older adults (127, 128). 

Even though drug dispensation data in GePaRD also do not hold the indi-

cation, information on coded diseases as putative indications and dis-

pensed medications can be linked on patient-level, also considering prox-

imity in time between diagnosis and dispensation. Additionally, physicians 

in Germany should code at least once per quarter the reasons for treat-

ment, which would also be the reasoning for prescribing a drug. 
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Considering these aspects, OLU was assessed in older adults newly using 

an antidepressant indicated for the treatment of depression. Restricting 

the analysis to use of antidepressants approved for the treatment of de-

pression only was performed to create a more homogenous group with 

respect to potential confounding by indication. Accordingly, the TCA 

opipramol (ATC code N06AA05) as well as the antidepressant tryptophan 

(ATC code N06AX02) were not considered, as they are not licensed for the 

treatment of depression in Germany (96, 129, 130). 

2.4. Study population: Pregnant women 

2.4.1. Identifying pregnancies in GePaRD 

It is rather easy to collect information on start, duration, end and type of 

pregnancy outcome in primary data studies as women and/or physicians 

can be directly asked about these parameters, and medical files of the re-

spective woman could additionally be used (131). Identifying pregnancies 

from secondary data, however, is not as easy as certain information is fully 

missing or incomplete. Most importantly, there is no information on the 

last menstrual period, which marks the start-day of a pregnancy (42, 43, 

74, 132-134). 

Usually, the date of the last menstrual period is used to calculate the dura-

tion of a pregnancy. As this information, however, is not included in 



29 
 

GePaRD (and also other databases), algorithms need to be developed and 

applied to identify pregnancies and estimate their duration. Such algo-

rithms are based on diagnosis codes, codes for treatment and procedures, 

potentially a date of delivery as well as knowledge on the mean duration 

of a pregnancy and the frequency of different outcomes (6, 42, 74). 

For GePaRD, algorithms have been developed to estimate both the begin-

ning and the ending of a pregnancy (43, 134). Additionally, there is an al-

gorithm by which mothers and babies can be linked via direct and indirect 

linkage (135), enabling to study effects of drug exposure in-utero on ba-

bies. About 75% of mother-baby-pairs can be identified from direct link-

age via a family identifier. Among these pairs, further information such as 

the hospital or outpatient delivery date is available for about 97% of pairs. 

For indirect linkage, this proportion is only slightly lower (96%) (135). To 

have the highest certainty that mothers and babies were correctly linked, 

an updated version of the direct linkage was applied for the investigation 

of the utilization of St. John’s wort during pregnancy and the respective 

pregnancy outcomes. 

Per pregnancy, the utilization of St. John’s wort was assessed via outpa-

tient dispensations. 
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2.4.2. St. John’s wort as prescription medicine 

Among all antidepressants there is also one herbal antidepressant: St. 

John’s wort (ATC codes N06AH for homoeopathic preparations and N06AP 

for herbal medicines in the German adaptation of the ATC classification, 

see also Appendix A.). The effectiveness of St. John’s wort in the treat-

ment of depression has been shown in clinical trials, where St. John’s wort 

has also shown a higher effectiveness compared to conventional antide-

pressants (136, 137). It is known that St. John’s wort causes photosensitiv-

ity and may also cause adverse events due to drug-drug interactions as it 

is metabolized via CYP450 and p-glycoprotein (138-140). 

Preparations of St. John’s wort are available both over the counter (OTC, 

also in the form of food supplements) and as prescription medicine in 

Germany (141). Here, it can be chosen between different dosages of ac-

tive compound in several different forms of applications, with the majority 

being tablets or capsules. These include dry extract of St. John’s wort with 

ethanol, methanol or isopropanol as a solvent (drug-extract ratio: 2.5 – 

8.1; see Appendix B. for examples that can potentially be identified in 

GePaRD (German only)). As prescription medicine, St. John’s wort is li-

censed for the treatment of moderate depressive disorders as main indi-

cation (142), while mild depressive disorders are the main indication for 
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OTC preparations, and both can contain the same amount of active sub-

stance (143, 144).  

However, there is no information on the effects St. John’s wort may have 

on pregnancy and unborn babies, leading authorities to advise not to use 

St. John’s wort during pregnancy (90). 

With St. John’s wort being available as prescription medicine reimbursed 

by SHIs, it is possible to investigate the utilization and safety of St. John’s 

wort using GePaRD data by at the same time focusing on vulnerable 

groups of patients, in this case pregnant women. 

2.5. Statistical methods 

Different statistical methods were applied for the three original studies 

included in this dissertation. For all three original studies, characteristics 

were descriptively assessed by calculating percentages for categorical var-

iables, while measures of location and dispersion were calculated for con-

tinuous variables.  

For the risk of haemorrhagic stroke, matched and adjusted odds ratios 

(OR) with 95% CIs were estimated using conditional logistic regression. 

Comparisons were made for current, recent and past use of classes of an-

tidepressants and TCA, as well as for current, recent and past use of indi-

vidual antidepressants with amitriptyline (TCA) as comparator. Risk factors 
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for haemorrhagic stroke and certain medication that act as confounders 

were forced into the model. Other confounding variables were selected 

into the model using a backward selection process with Wald p-value 

≤0.05 (145). Also, a full model was calculated as a sensitivity analysis. 

OLU was assessed as proportions with 95% CIs using the Wilson score 

method (146). For the comparison of patients with OLU of antidepressants 

and on-label users, proportions were compared descriptively.  

To roughly estimate the risk of malformations according to trimester of 

exposure to St. John’s wort, relative risks with 95% CIs were calculated. 
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3. Results – Publications (P) 

3.1. P 1: The risk of haemorrhagic stroke in antidepressant use: a nest-

ed case-control study 

 

For this publication (147), the risk of haemorrhagic stroke in older adults 

using antidepressants was estimated in a nested case-control study. Using 

GePaRD data from 2004 to 2015, a cohort of new users of antidepressants 

defined as patients who have not received a dispensation of an antide-

pressant for at least one year prior to the first dispensation found during 

the study period, aged 65 years or older was identified first. Within this 

cohort, cases of haemorrhagic stroke were identified from the first dis-

pensation of an antidepressant onward by means of hospital discharge 

diagnosis. Up to 10 controls were then matched to each case based on 

sex, age (±1 year) and health insurance provider using risk-set sampling 

with time in cohort as time-axis. Exposure to antidepressants was as-

sessed at the time of diagnosis (index day; for controls: the respective 

time-point of follow-up). To account for potential lower dosing and/or 
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medication errors, 150% of the DDDs of the last dispensation of an anti-

depressant was added to the days of supply assessed by the number of 

DDDs. Use of an antidepressant was then categorized as current use if the 

supply covered the index day or ended up to 30 days prior. In sensitivity 

analysis, 300% of the DDDs and no DDDs were added. The risk of haemor-

rhagic stroke was investigated for groups of antidepressants using TCA as 

reference as well as for individual substances using the TCA amitriptyline 

as reference. Stratified analyses were conducted a) according to the HAS-

BLED score (148) to account for potential effect modification by general 

bleeding risk of individuals (two groups: low risk and moderate to high 

risk), and b) by prevalence of depression to account for potential con-

founding by indication or disease severity, as natural differences in sero-

tonin levels due to severity of depression might influence the results.  

The results showed that in 4,059 cases matched to 40,590 controls, there 

was an increased risk of haemorrhagic stroke in current use of SSRI (Odds 

Ratio [OR] 1.39, 95% confidence interval [CI] 1.22–1.58), SSNRI (1.69, 1.35-

2.11), NaSSA (1.44, 1.22–1.69) and NARI (3.81, 1.54–9.43). The effects 

were robust across exposure definitions. Investigations in individual sub-

stances revealed that the risk differed within groups of antidepressants, as 

the risk for haemorrhagic stroke was only increased for citalopram (and 

escitalopram) in SSRIs, but not for sertraline and paroxetine.  
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Stratification according to the HAS-BLED score showed an increased risk in 

current use of SSRI, SSNRI, NaSSA and NARI in patients with a high base-

line risk of overall bleeding. In patients with depression, the risk was in-

creased in current users of SSRI, SSNRI, NaSSA and NARI, while the risk 

was only increased (but still less than for patients with depression) for cur-

rent use of SSRI, SSNRI and NARI in patients without depression. 
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3.2. P 2: Estimating the proportion of off-label antidepressant use 

 

Within this study (149), estimation of the proportion of OLU of new use of 

antidepressants in older adults was performed using GePaRD data for the 

years 2008 to 2015, using data from the year 2008 as baseline observation 

period for patients with a dispensation in 2009. Antidepressants were re-

stricted to those preparations indicated in the treatment of depression. 

Therefore, new users of opipramol (ATC-code N06AA05) and tryptophan 

(ATC-code N06AX02) were not included into the cohort. Two different 

methods were used to assign indications to each preparation: a) the most 

recent indications of the original product were used (i.e. of the active 

compound, meaning that all generics and all formulations were consid-

ered as having the same indications); b) the most recent indications of 

each specific product according to the summary of product characteristics. 

Method a) considers current prescribing and dispensing practice where 

pharmacists are allowed to substitute the prescribed drug with another 

preparation containing the same active substance in the same dosage and 
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application form (aut-idem rule). Method b) takes into account that dif-

ferent dosages and/or application forms may be licensed for different in-

dications, and producers of generic drugs are allowed to apply to have 

their generic licensed only for select indications of the original product.  

OLU was defined as the absence of an outpatient coding for an indication 

given in the outpatient setting in the year before the first dispensation. In 

a sensitivity analysis, we also considered the full quarter of the dispensa-

tion and in the following quarter after the first dispensation. Additionally, 

we considered age restrictions for the use of agomelatine (ATC-code 

N06AX22) and reboxetine (ATC-code N06AX18) as the summaries of prod-

uct characteristics had age 75 and older and age 65 and older, respective-

ly, as a contra-indication during the study period. The proportion of OLU 

was estimated as the number of new users not having an indicating diag-

nosis (or age as contra-indication) within all new users of antidepressants. 

For annual proportions, the denominator was restricted to patients start-

ing antidepressant use during the respective year. 

Including all study years, 263,276 new users of the respective antidepres-

sants were included. The proportion of OLU was 41% with only little varia-

tion between years. When applying method ii), the proportion of OLU was 

about 2 to 3 precentage points higher compared to method i). Generally, 

OLU was higher in men (49%; 95% CI 48–49%) compared to women (41%; 
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41–41%). Comparing groups of antidepressants, OLU was highest in new 

users of TCA (56%; 56–57%), followed by SSRI (42%; 42–42%). The propor-

tion of OLU varied between active substances, also within groups of anti-

depressants. Among TCA, the highest proportion of OLU was found for 

trimipramine (TCA) with 66% of all prescriptions being off-label. Among all 

SSRI, the highest proportion of OLU was found for escitalopram (46%). 

Characteristics of on- and off-label users only showed small differences. In 

off-label users, the most frequently coded comorbidities that could be an 

indication for prescribing an antidepressant off-label were insomnia (20%) 

and pain (72%).  
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3.3. P 3: Pregnancies exposed to St. John’s wort and their outcomes 

 

The study population for this publication (150) consisted of all pregnancies 

in GePaRD ending between 2006 and 2016 having at least one dispensa-

tion of St. John’s wort during pregnancy. Additionally, a continuous insur-

ance period of at least one year before the beginning of the pregnancy 

was required to assess previous use of St. John’s wort or other antidepres-

sants as well as antiepileptic drugs to assess potential for drug-drug inter-

actions. Further, coding of psychiatric comorbidities as potential indica-

tions for antidepressant use was evaluated during the year before the be-

ginning of the pregnancy. For all pregnancies ending in live-birth, linkage 

of mothers and babies was performed using an established algorithm 

(135). In linked babies, coding of malformations was investigated and fur-

ther verified by case-profile review and applying differentiation of major 

and minor malformations according to EUROCAT (151). Relative risks with 

95% CIs were calculated for the occurrence of malformations in babies 



40 
 

exposed in utero during the first trimester compared to the second or 

third trimester.  

Out of about 1.4 million pregnancies in GePaRD, 496 had a dispensation of 

St. John’s wort during at least one trimester. Of these pregnancies, 78% 

were exposed during the first trimester only, while 15% were not exposed 

during the first trimester. About one third of all pregnancies had a dispen-

sation of St. John’s wort before the beginning of the pregnancy. General 

practitioners most frequently prescribed St. John’s wort during the first 

trimester (70%), followed by psychiatrists and psychologists (20%). Char-

acteristics of pregnant women such as age, education, comorbidity and 

comedication did not differentiate between pregnancies when stratifying 

by timing of exposure to St. John’s wort. The median age was 32 years 

(29–36 years). Depression was coded before pregnancy for 68% of preg-

nant women, anxiety for 25% and both depression and anxiety were cod-

ed in 20% of pregnant women. Other antidepressants were used before 

the beginning of the pregnancy in 21% of pregnant women (during preg-

nancy: 12%), and there was a switch from using other antidepressants be-

fore the beginning of the pregnancy to St. John’s wort during pregnancy in 

9% of pregnant women included. Use of antiepileptic drugs was seen in 

2% of pregnancies both before and during pregnancy.  
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About 10% of pregnancies ended during the first trimester. Non-live birth 

occurred in 11% of pregnancies with induced abortions as the most fre-

quent reason for a premature end of pregnancy. Of all pregnancies ending 

in live-birth, 305 were linked to 312 children. In 47 of these children, cod-

ing of malformations was found. After further review, 18 babies were 

identified with major malformations. The relative risk for malformations 

for babies exposed in utero during the first trimester compared to the 

second or third trimester was 3.56 (0.48–26.17), with cardiac malfor-

mations being the most frequent malformation. 
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4. Discussion 

The aim of this dissertation was to provide further insights into the utiliza-

tion and safety of antidepressants in vulnerable groups of patients, name-

ly older adults and pregnant women, using real-world data. Inherently, 

this dissertation wanted to further underline the usability of secondary 

data and the potentials that these data hold when vulnerable groups of 

patients are the population of interest. Within this chapter, the findings 

are first discussed individually based on the two vulnerable populations, 

followed by an overarching discussion. 

4.1. Utilization of antidepressants in older adults 

Regarding the utilization of antidepressants in older adults, the aim of this 

dissertation was to investigate if the utilization is associated with haemor-

rhagic stroke, and how often antidepressants are used off-label. 

4.1.1. The risk of haemorrhagic stroke 

Based on a cohort of approximately 600,000 older adults newly using an-

tidepressants, the study on the risk of haemorrhagic stroke has found an 

increased risk in current use of SSRI, SSNRI and NARI compared to current 

use of TCA, with effects being driven by individual active substances within 

the groups of antidepressants. Based on active substance, the risk was 

highest for nortriptyline compared to amitriptyline as active comparator. 
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Effect modification was seen when stratifying the matched sets according 

to overall bleeding risk and depression diagnosis.  

These results are in line with findings from the studies by Renoux et al. 

(64), where an increased risk for haemorrhagic stroke was also found for 

current use of SSRI compared to TCA in the overall adult population, as 

well as by Lee and colleagues (152), who found an increased risk of haem-

orrhagic stroke for SSNRI compared to SSRI. Furthermore, the results are 

supported by the meta-analysis by Douros and colleagues (70).  

A comparison to the majority of other studies reporting effects for classes 

of antidepressants, however, is not possible due to methodological issues 

introducing bias. The inclusion of prevalent users (60, 65) potentially leads 

to bias due to depletion of susceptible patients and missing early outcome 

events (153-155). The occurrence of adverse events after initiation of a 

drug in relation to time has previously been classified into several sub-

types (156) and can graphically be described by hazard functions (157, 

158). According to the classification by Aronson and Ferner (156), haemor-

rhagic strokes would be expected to be intermediate reactions, as they 

are expected to occur after some delay, but not anymore after a certain 

time, and patients will discontinue treatment.  

When wanting to study intermediate reactions, the study design has to be 

carefully considered to avoid bias from depletion of susceptibles due to 



44 
 

two principles. First, prevalent users did not experience adverse events or 

only tolerable side effects and are no longer or only at a very low rate sus-

ceptible to experiencing the ADR. At the same time and secondly, patients 

newly using a drug and experiencing other ADRs potentially stop treat-

ment and select themselves out of the potential study population. There-

fore, risk estimates reported in these studies are most likely underestima-

tions of the true risk. This potential source of bias has been avoided in this 

dissertation by having nested the case-control sets into a cohort of inci-

dent users of antidepressants only (153-155).  

For other studies, comparison of results was not possible as the studies 

did not consider time between initiation of the study drug and occurrence 

of haemorrhagic stroke correctly. By not considering time correctly, im-

mortal-time-bias (for cohort studies) (159, 160) or time-window-bias 

(case-control studies) (154) was introduced causing misclassification of 

exposure time. In consequence, risk estimates were biased towards the 

null. For P1, this bias was avoided by performing risk-set-sampling using 

time in cohort as time axis for matching cases and controls. Controls 

therefore had been new users of antidepressants for the same amount of 

time as the cases they were matched to.  

As analyses per individual antidepressant had only been performed by one 

other study and as the study did not distinguish between ischemic and 
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haemorrhagic stroke or use an active comparator (58), comparison and 

drawing final conclusions is hampered. Generally, the increase in risk ob-

served for the respective individual antidepressants is plausible, as the 

inhibition of serotonin reuptake might cause too low levels of serotonin in 

the platelets which in consequence could hamper the activation process 

for haemostasis (100, 103). At the same time, the absence of a significant 

risk estimate does not mean that the respective antidepressant does not 

cause haemorrhagic stroke. Numbers of users of the respective antide-

pressants were potentially too low, leading to wider confidence intervals 

and/or sparse data (161). The finding that the risk is not consistent be-

tween antidepressants of the same class of antidepressants (e.g. between 

all SSRI) had not been shown by previous studies. 

The analysis for individual antidepressants also further sheds light the de-

gree of serotonin reuptake inhibition to potentially have an influence on 

the risk of haemorrhagic stroke. In the study by Renoux and colleagues 

(64), an increased risk was seen for strong inhibitors of serotonin. When 

sorting the results from the analysis by individual antidepressants pre-

sented in P1 (see Figure 1 below), the same effects cannot be seen as the 

risk of haemorrhagic stroke is not increased for most strong inhibitors, 

while it is for most antidepressant moderately inhibiting serotonin 

reuptake. Given the conflicting results, the influence of the degree of 



46 
 

reuptake inhibition on the risk of haemorrhagic stroke needs to be further 

investigated. 

Figure 1. Risk of haemorrhagic stroke, by degree of serotonin reuptake 

inhibition 

There are some limitations and difficulties underlying the findings of P1, 

especially with respect to the estimation of exposure. As only the last dis-

pensation of an antidepressant prior to the event was considered, the es-

timation of exposure may have resulted in some misclassification. Estimat-

ing exposure prospectively and handling overlaps of dispensations / 

stockpiling as in a cohort approach could have resulted in a patient being 

currently exposed. Still, the chosen approach of exposure assessment at 
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time of event seems to be appropriate as the effects seen in the main 

analysis were robust when changing the estimation of supply to not add-

ing any additional DDDs to the dispensed supply as well as upon adding 

300% of the DDDs to the dispensed supply (as compared to 150% in the 

main analysis). This approach of adding additional supply to account for 

lower dosages or sinking adherence in older adults proposed by Gar-

dasdottir et al. (50) is commonly used. However, there are other options 

for estimating exposure that also could have led to a different classifica-

tion of exposure status at time of event. One of these options is the so-

called waiting time distribution, which considers the time between first 

and following dispensation in each patient of a defined cohort defined by 

medication use. In recent years, this approach has been tested in a Danish 

database and further developed so that patient characteristics can be con-

sidered when estimating exposure using the waiting time distribution. This 

method has shown to provide different estimations according to factors 

such as age, which would be highly relevant in the cohort of older adults 

initiating antidepressant use presented within this dissertation (162-164).  

Besides using a different method, the method chosen could also have 

been optimized for a more reliable estimation of exposure: a) Under the 

assumption that drugs are provided by the respective hospital during the 

stay, one would have to add the supply needed for the hospitalized time 
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to the length of supply of an outpatient dispensation; b) dose reductions 

are considered per active substance as specified in the SMPC for older 

adults. Given the differences between antidepressants where some re-

quire dose adjustments in older adults while others do not, and taking into 

account the differences also in half-life, it would be more accurate to ad-

just exposure assessment accordingly. However, this approach would not 

be feasible or only taking a lot of effort, as this information is not provided 

in secondary data and adding this information would be very time con-

suming.  

The presented difficulties and different options in assessing exposure to 

antidepressants in older adults highlight one of the largest limitations 

when studying drug use in secondary data: in most databases including 

GePaRD, there is no information on the prescribed dosage. Sometimes, as 

in GePaRD, also the information on the use of most drugs during a hospital 

stay is not captured (165). Obtaining this information would be easier 

when using primary data defined as data obtained from e.g. interviews, 

(self-administered) surveys or case studies. Here, information could be 

obtained by means of questionnaires for patients and treating physicians, 

by consulting outpatient medical records and hospital charts, or by inves-

tigating medication possession using e.g. the brown-bag-method (also in-

cluding OTC medication, which are potential confounding medication in 
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the study on haemorrhagic stroke) (26, 166). One limitation here is the 

risk of recall bias (which in older adults is even more important due to the 

potential onset of dementia) (27-29), which is not relevant in secondary 

data (5). 

While such primary data studies on the risk of adverse events in antide-

pressant use have the advantage to facilitate assessment of dosage and 

actual use, there are also some disadvantages related to outcome ascer-

tainment, capturing the study population and thus, study size. While it is 

rather easy to identify a cohort of more than 500,000 older adults newly 

using antidepressants based on secondary data as shown in P1, reaching 

such a large cohort within a short time-frame is near to impossible when 

doing primary data studies due to the financial and logistic expenses (8). 

Additionally, older adults are – as also mentioned in the introduction – 

hard to recruit (21, 32, 167). Further, including older adults of any socio-

economic status and additionally not having cultural or language barriers 

poses an additional challenge when performing studies based on primary 

data. Secondary data such as GePaRD are unselected in this regard due to 

being collected routinely for other purposes than research (167). Howev-

er, this might also be a source of unmeasured confounding as the influ-

ence of these factors on drug prescription and use cannot or only partially 

be assessed and considered in analysis.  
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Secondary data are further needed, as the haemorrhagic stroke as an ad-

verse event is a rather rare event, with low incidence and high case fatality 

and at the same time with rising prevalence with age (67, 68). Even within 

GePaRD as a large database with more than 25 million people, we only 

were able to identify approximately 4,000 cases from a cohort of more 

than 500,000 patients within a study period of 10 years. Primary data 

studies and even some smaller databases containing secondary data 

would not be able to capture the respective amount of events and achieve 

a sample size that would allow for meaningful statistical analysis of risk 

with good precision. An increase in risk as seen in P1 would potentially 

have been overlooked as the overall sample of patients with and without 

the outcome would have been too small (168). Even in the study present-

ed based on GePaRD, the number of events was too small in some catego-

ries to allow analysis or risk estimates still had very broad confidence in-

tervals due to small numbers. Still, numbers of cases and controls identi-

fied in GePaRD were large enough to facilitate the investigation if the risks 

previously found in other studies for classes of antidepressants were in 

fact class effects or if effects were caused by single substances within clas-

ses of antidepressants.  
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4.1.2. Off-label antidepressant use 

It was aimed to answer the second research question of this dissertation 

within P2. Among more than 200,000 older adults newly using antidepres-

sants indicated in the treatment of depression, about 41% did not have a 

coding of an indicating diagnosis, i.e. antidepressants were used off-label. 

This proportion was stable over time, with OLU being constantly higher in 

men (48%) compared to women (40%). The proportion of OLU varied be-

tween groups of antidepressants and also between substances of one 

group. On- and off-label users of antidepressants were similar in the ma-

jority of characteristics, with insomnia and pain as potential indicating di-

agnoses in off-label users. 

Up to this point, only very few studies both based on either primary or 

secondary data had investigated the proportion of OLU in older adults us-

ing antidepressants (169-172). One study based on primary data from 

Germany showed very similar results with 42% of all antidepressants be-

ing prescribed off-label to older adults (169). Hanlon and colleagues (170) 

investigated overuse defined as the dispensation of an antidepressant at 

the absence of depression as an indication – which partly defines OLU – in 

residents of a veteran’s nursing home and also found that about 42% old-

er adults newly using antidepressants did not have an indicating diagnosis. 

Results based on a Canadian prescribing system showed a lower propor-
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tion of OLU (24%), but comparability to this study is hampered as it is 

based on adults aged 18 years and older with a dispensation of an antide-

pressant (172), while the study population for P2 consisted only of adults 

aged 65 years and older with a dispensation of an antidepressant. The 

study by Wong and colleagues will therefore not be considered further for 

comparison.  

A study by Thunander et al. (171) considering people aged 18 years and 

older in Sweden investigated over- and underuse of antidepressants. In 

their study cohort, however, overuse – which was defined in accordance 

with the definition by Hanlon et al. (170) – was very low in older adults 

with 4% of males and 11% of females using antidepressants off-label. Con-

trary to P2, OLU was higher in women compared to men. As this was self-

reported diagnosis and drug use, the results have to be interpreted with 

caution.  

Given the differences in indications, it is meaningful to assess OLU both in 

classes of antidepressants and – considering the heterogeneity of indica-

tions in some classes – also in individual antidepressants. In this respect, 

the results of P2 can only partly be compared to Hanlon and colleagues 

(170). By class of antidepressant, overuse was higher for both TCAs and 

SSRIs compared to our study. However, comparison is hampered as utili-

zation of TCAs was only infrequent in the nursing home residents. The 
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studies by Boehlen and colleagues as well as Thunander and colleagues 

did not report results for classes of antidepressants or individual antide-

pressants (169, 171). 

Insomnia and pain were the most frequent comorbidities in off-label us-

ers. Both are indications in some antidepressants such as the TCA clomi-

pramine and imipramine which are indicated in the long-term treatment 

of pain (9, 173, 174), or the TCA trimipramine which is indicated for the 

treatment of depression with insomnia as a prevailing symptom (9, 175). 

This finding suggests that physicians might not consider the indications of 

a specific active substance thoroughly. The results rather hint that within a 

class of antidepressant – e.g. TCA – all individual active substances are as-

sumed to be having the same risk-benefit profile. The findings from P1 and 

also other studies, however, show that this potentially is a misconception 

as risks for different adverse events vary within classes of antidepressants 

(58, 147, 176).  

Further, the risk for adverse events due to a drug-drug-interaction of an 

off-label prescribed antidepressant with another drug differs as the poten-

tial for interaction is not the same for all active substances within one 

class of antidepressant (177). Revisiting the TCA, it has to be noted that 

clomipramine and imipramine hold a high potential for severe drug-drug-

interaction with opioids – which are a rather frequent co-medication in 
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the study cohort with 19% of off-label users using opioids. Co-

administration of opioids with the two TCA can lead to the life-threatening 

serotonin syndrome, while it is safe to use trimipramine concomitantly 

with opioids (178, 179). As the risk of drug-drug interactions rises with the 

number of different drugs used – which is often the case in older multi-

morbid adults (54, 180-182) – the findings from P2 suggest that physicians 

should consider the indications (and contra-indications) more thoroughly 

when prescribing antidepressants to older adults. 

The scarcity of other studies investigating OLU highlight two aspects: a) 

OLU is hard to capture in both primary and secondary data collection, and 

b) awareness for potential safety threats when administering antidepres-

sants off-label seems to be low and needs to be improved. This is especial-

ly relevant in vulnerable groups of patients where there is already a gap in 

knowledge of safety when using the drugs for licensed indications due to 

under– or non-representation of these patients in clinical trials. Two stud-

ies have already investigated the potential risks associated with OLU, 

however this was not restricted to antidepressants, let alone older adults 

(12, 183). Therefore, P2 presents a step to close a gap in research and may 

help improve safe drug utilization in older adults. 

The original study on OLU for this dissertation has some limitations and 

strengths. For the assessment of OLU, only outpatient diagnoses were 
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considered. It is therefore possible that OLU was overestimated by not 

considering inpatient diagnoses and therefore missing indications. How-

ever, physicians in Germany should code once per quarter the respective 

diagnoses for which treatment was sought according to coding guidelines 

(184). Therefore, outpatient prescriptions and dispensations should al-

ways be preceded by a respective indicating diagnosis. As we considered 

the full year before the dispensation and for sensitivity analyses also the 

following quarter for the identification of potentially indicating diagnoses 

(which did not substantially change the results), the possibility of having 

missed an earlier or later diagnosis as an indication is not relevant and the 

results seem to be reliable. This is further supported by the finding from 

Boehlen and colleagues based on primary data, where the proportion of 

OLU was very similar despite using primary data (169). Focusing on outpa-

tient diagnoses only is also supported by an investigation of the treatment 

setting of patients with depression, where more than 97% of all patients 

with a diagnosis of depression were treated in the outpatient setting only 

or in both the in- and outpatient setting (185). Considering also inpatient 

diagnoses therefore would not have changed the results substantially.  

A second limitation is directly linked to the first limitation: prescriptions in 

Germany do not hold any information on the diagnosis for which the phy-

sician prescribed the antidepressant. This may have also caused overesti-



56 
 

mation of OLU, as potential indicating diagnoses may have been missed. 

Further, as the ICD-10-GM codes for the indicating diagnoses are not in-

cluded in the pharmaceutical reference database for GePaRD and there-

fore had to be identified and added manually, it is possible that codes 

were missing and indicating diagnoses therefore could not be matched.  

A major strength of the study lies in the utilization of GePaRD data. In us-

ing GePaRD, the utilization of antidepressants was studied based on data 

stemming from everyday healthcare service provision for a large and well-

defined sample of older adults, while recall and volunteer bias were not of 

concern.  

Another advantage of analyses conducted for P2 is that OLU not was not 

only assessed based on the indications of the active substance according 

to the ATC-code, but also based on the indications of individual prepara-

tions considering all outpatient diagnoses and prescriptions on patient 

level. Even though indications are given for an active substance, manufac-

turers may not seek license for all indications for an individual prepara-

tions or as part of the indications of the name-brand drug might still be 

protected by patent (186). Differences can be seen between brand-name 

and generic drugs, as well as based on amount of active substance includ-

ed and dosage form. Finally, it was possible to investigate if there were 
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larger trends over time as it was possible to assess OLU for all years be-

tween 2009 and 2015 individually.  

4.2. Utilization of St. John’s wort in pregnant women 

Within P3, answers to the third research question of this dissertation were 

found. More than 75% of pregnancies with a dispensation of St. John’s 

wort were exposed during the first trimester only, and 11% of pregnancies 

ended in non-live birth. In about one quarter of pregnancies, a diagnosis 

of depression or anxiety was found before the beginning of the pregnancy. 

In about 2% of pregnancies, there was concomitant use of potentially in-

teracting antiepileptic drugs. In 18 out of 312 linked babies major malfor-

mations were found, with atrial septal defects as the most frequent mal-

formation. Comparing babies exposed to St. John’s wort in utero during 

the first trimester to those exposed during the second or third trimester, 

an elevated risk was found, but this was statistically not significant 3.56 

(0.48–26.17). 

Putting P3 into a larger perspective is difficult as no other study based on 

secondary data has yet investigated the utilization of St. John’s wort dur-

ing pregnancy – though investigations would potentially be possible, e.g. 

in the Dutch PHARMO database as St. John’s wort was a registered medi-

cine in the Netherlands in the past (187). 
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There are only two studies based on primary data to which these findings 

can be compared (188, 189). Except for age, which was similar in all three 

studies with a mean age of mothers of about 32 years, and duration of 

pregnancy, which was shorter in the original study presented here com-

pared to both studies, characteristics of exposed pregnancies were similar 

to the study by Moretti and colleagues only (189). In both studies, expo-

sure to St. John’s wort was most frequent during the first trimester, and 

depression and/or anxiety as potential indications were also coded for the 

majority of women (189). Comparing the results to the study by Kolding 

and colleagues (188) revealed a higher prevalence of depression among 

exposed pregnancies, while comparison of timing of exposure is not pos-

sible as the study by Kolding et al. only reported exposure as before 17 

weeks of gestation (188). Incomplete pregnancies were more frequent in 

the study by Moretti and colleagues (20% vs. 11%) (189), while they were 

less frequent in the study by Kolding and colleagues (3% vs. 11%) (188). 

These differences may be due to the methods by which both live and non-

live births were identified in either study. The study design applied by 

Moretti and colleagues where pregnant women were included at about 11 

weeks of gestation with a follow-up after the expected delivery date ena-

bles a rather complete assessment of pregnancy outcomes (189). Contra-

ry, the study design chosen by Kolding and colleagues, which included only 
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women who at their first visit to the general physician during pregnancy 

wanted to carry the pregnancy to full term (i.e. those who indicated to 

plan an abortion were not included), potentially underestimated the rate 

of incomplete pregnancies (188). The algorithm to identify pregnancy out-

comes in GePaRD generally also underestimates the number of incom-

plete pregnancies, as especially early spontaneous abortions cannot be 

captured due to coding. However, the observed frequency of incomplete 

pregnancies among pregnancies exposed to St. John’s wort is almost twice 

as high as in the overall GePaRD population (11% vs. 6%) (43), therefore 

raising concerns about a causal relationship between utilization of St. 

John’s wort during early pregnancy and incomplete pregnancies. 

In the studies by Kolding and colleagues as well as Moretti and colleagues, 

the types of malformation found were malformations of the heart, of the 

urinary tract (specifically hypospadias) and musculoskeletal malformations 

(188, 189). The types of malformations found and reported in P3 are thus 

similar by anatomical location to those reported by the other studies. 

However, no case of hypospadias was found in GePaRD, which is poten-

tially a chance finding. Also, musculoskeletal malformations could not be 

identified as they are coded far too frequently and unspecific in GePaRD 

to be meaningfully analysed (150). The case of microcephalus is a unique 

and unexpected finding in the results based on GePaRD, as microcephalus 
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is a very rare malformation with a prevalence of about 1 per 10,000 births 

in 2018 according to EUROCAT data (151). 

Though the associations were not statistically significant, the malfor-

mations found in all three studies, especially malformations of the heart 

are plausible and generate the need to further investigate the hypothesis 

that the use of St. John’s wort during pregnancy increases the risk for car-

diac malformations. The findings are plausible as it has been shown in 

other studies that the use of antidepressants inhibiting the re-uptake of 

serotonin or serotonin and noradrenaline – a property that also St. John’s 

wort is assumed to hold (96, 190, 191) – during pregnancy increases the 

risk for septal defects, especially atrial septal defects. At the same time, 

serotonin as a signalling molecule is needed in several mechanisms of foe-

tal development such as the genesis of the heart (77, 79, 81, 192, 193). 

Therefore, it would not be unreasonable to assume that also the use of St. 

John’s wort during pregnancy leads to an increased risk for cardiac mal-

formations. 

There are some limitations and strengths to this study, of which those not 

related to generally identifying pregnancies and malformations in babies 

using GePaRD will be presented in the following paragraph. Limitations 

and strengths regarding the identification of pregnancies and malfor-

mations in babies in general will be discussed in section 4.3.  
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The first limitation is that St. John’s wort is a drug frequently sold OTC. 

Considering this factor, the pregnancies identified in GePaRD may not be 

representative of all pregnancies exposed to St. John’s wort. They rather 

represent a specific sub-sample of pregnant women seeking health-care 

for their mental well-being and wanting to cautiously apply medication 

and nutritional supplements after consultation with their physician only. A 

potentially larger group of pregnant women will use St. John’s wort with-

out prior consultation as it can be found not only as OTC medication in 

pharmacies, but also among other nutritional supplements in drugstores 

which might (falsely) signal safety. Additionally, herbal medicines are of-

ten deemed or promoted as “natural” and therefore safe (89, 194). Fur-

ther, the need or reasons for wanting to use St. John’s wort are potentially 

different in women buying OTC preparations, with rather mild or only 

temporary symptoms needing to be eased. There might also be socio-

demographic differences between pregnant women using St. John’s wort 

as a prescription drug and those using OTC, but this would need to be in-

vestigated in a different study based on interviews. 

As a further limitation it has to be noted that it is possible that pregnan-

cies with a dispensation during only one trimester were in fact exposed for 

a longer time as fills of the drug were purchased OTC. Additionally, expo-

sure was only estimated roughly per date of dispensation as the primary 
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aim of the study was to generally assess and describe patterns of utiliza-

tion of St. John’s wort during pregnancy. Misclassification of exposure 

therefore can have occurred, which also could be of more relevance if a 

dispensation occurred shortly before the beginning of the pregnancy and 

supply lasted during the first trimester. Such pregnancies would not have 

been identified and included by the study design selected, while they 

might be of special interest when investigating the occurrence of malfor-

mations. For a study on the risk of malformations in pregnancies exposed 

to St. John’s wort it would therefore be necessary to further refine the 

definition of exposure also taking into consideration the dosage and 

amount of units dispensed. 

Another limitation is the sample size when considering the relative risk of 

malformations. Even though it was about five-times higher than in primary 

data studies on the utilization of St. John’s wort during pregnancy, the 

sample drawn from GePaRD is still too small, especially the size of the 

comparator group. This leads to statistical uncertainty and inaccuracy of 

the estimation of relative risk of malformations which is reflected in the 

broad confidence interval. 

There are also several strengths to the study. As all information on all 

healthcare services, diagnoses and drug dispensations reimbursed by the 

statutory health insurances is included in GePaRD, it was possible to iden-
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tify a comparably large number of pregnancies exposed to St. John’s wort 

and to assess if there were changes in prescribing St. John’s wort during 

pregnancy in the time-span from 2006 to 2016. Moreover, the information 

included in GePaRD facilitated investigating the concomitant use of an-

tiepileptic drugs during pregnancy. This is of special concern as antiepilep-

tic drugs are potentially interacting drugs by inhibiting the same CYP iso-

enzymes that St. John’s wort induces. The effectiveness of antiepileptic 

drugs might be reduced with concomitant use as the induction of CYP iso-

enzymes by St. John’s wort leads to the antiepileptic drug being metabo-

lized too fast to come to full effect. 

Using controls that were also exposed to St. John’s wort, but not in the 

time window of the pregnancy that is critical for the genesis of malfor-

mations is another strength of this study. It is expected that selecting the 

controls from the same overall cohort minimizes differences between 

groups with respect to confounders, as described also for the principle of 

choosing a negative control for intrauterine exposure and causal effects 

(195). Despite the small sample size and low precision, the results from 

this comparison are important information for further investigations on 

this topic, whether it may be meta-analysis, animal in-vivo studies or pri-

mary or secondary data studies comparing pregnancies exposed to St. 
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John’s wort e.g. to other antidepressants. They further can also be used 

for decision making for drug therapy in pregnancy. 

As compared to other claims databases, the precise information on the 

beginning of the pregnancy as included in GePaRD leads to another ad-

vantage of P3 as opposed to other studies. Due to the given granularity, 

ascertainment of exposure during the first trimester, which is the most 

relevant trimester for the genesis of drug-induced malformations, can be 

seen as very accurate (134). This accuracy is an important stabilizing factor 

for the potential risk of malformations seen following first trimester expo-

sure to St. John’s wort. Misclassification of exposure is therefore not very 

likely. 

Finally, another advantage derives from the possibility of linking mothers 

and babies in GePaRD, and the possibility to follow-up linked babies inde-

pendently of their mother’s records beyond birth. Due to this linkage, the 

investigation of malformations that were not diagnosed immediately at 

birth was enabled leading to more reliable estimates on the frequency of 

malformations. 

4.3. Discussion of overall findings 

The aim of this dissertation was to investigate the utilization of antide-

pressants in vulnerable groups of patients where evidence on drug utiliza-



65 
 

tion and drug safety is scarce due to exemption from or underrepresenta-

tion in clinical trials. Pregnant women are often exempt from clinical trials 

due to ethical considerations and older adults due to comorbidity and co-

medication, despite depression being a highly prevalent disease in these 

sub-groups of adults and despite differences in pharmacokinetics in these 

populations. Hence, the focus of this dissertation was set to these popula-

tions.  

Within P1 to P3, real-world evidence on the utilization and safety of anti-

depressants in vulnerable groups of patients was gained based on German 

claims data. Both older adults and pregnant women can be identified as 

large and rather unselected cohorts. From these cohorts, it can be seen 

that antidepressants are used frequently in these populations despite lim-

ited knowledge on the safety of antidepressant use in these groups. Fur-

thermore, it was shown that unnecessary risks are taken as antidepres-

sants are used outside licensed indications, used concomitantly with po-

tentially interacting drugs and in the presence of risk factors for adverse 

events. Within P1, it has further been shown that large databases are 

needed to identify an increase in risk for generally seldom to rare events 

such as stroke due to brain haemorrhage, where primary data studies are 

often too small to detect events or underpowered to quantify risks.  
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Considering publications 1 and 2, it has been shown that a variety of anti-

depressants are used in older adults, irrespective on the current state of 

research and knowledge which substances are safest to prescribe to older 

adults. When comparing the types of antidepressants used in German 

older adults to other countries, both studies show that in Germany, many 

older adults still receive TCA as first choice of antidepressants, while SSRI 

are the most frequently used class of antidepressant in most other Euro-

pean (196) or western countries (49). This finding of high prescription 

rates of TCA in older adults is somewhat worrisome. It is known that TCA 

hold a higher risk of adverse events due to their anticholinergic properties, 

with many individual substances being classified as potentially inappropri-

ate medication in older adults (53, 54, 197). The results further show that 

recommendations from treatment guidelines to not use TCA due to their 

unfavourable risk-profile for adverse events (94) seem not to be fully en-

forced in everyday care in Germany.  

Both P1 and P3 further saw the concomitant utilization of different anti-

depressants in the respective vulnerable groups of patients. This is of par-

ticular concern as this might increase the risk for drug-drug interactions, 

e.g. specific TCA and SSRI should not be combined, as well as MAO with 

specific TCA and SSRI, and St. John’s wort with specific TCA and SSRI (177). 

In both original studies, a non-negligible proportion of the study popula-
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tion used several antidepressants concomitantly (P1: 12%, P3: 12% [and 

68% having a diagnosis for depression which should be treated through-

out pregnancy]). This high proportion of concomitant use of different an-

tidepressants is roughly in line with the findings from other studies where 

16% of older adults (198), and 12% of pregnant women (199) used two or 

more antidepressants at the same time. From many studies, the propor-

tion of concomitant use of antidepressants can be assumed, but it is not 

clearly stated (58, 64, 66, 79, 82). In some cases, concomitant users were 

not included into the study cohorts, as for P2 (62, 78).  

Within P1 and P2, it was found that more than 20 different individual an-

tidepressants were used in older adults, and for many antidepressants the 

number of users allowed investigations and risks for individual substances. 

In other risk studies, individual antidepressants are rarely investigated 

(58), and also studies investigating the frequency of off-label use (which 

also might pose a risk for ADR) do not always focus on individual antide-

pressants (169, 171). Only the study by Wong and colleagues, which also 

made use of secondary data of drug prescriptions, investigated off-label 

use in different individual antidepressants (172), while Hanlon and col-

leagues only investigated the problems arising from the use of potentially 

inappropriate antidepressive medications in patients with depression, i.e. 

in most likely older on-label users of antidepressants (170). Given the het-
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erogeneity of indications, modes of action as well as risk for ADR between 

individual antidepressants of one class, it seems more straightforward and 

correct to report results for individual substances. The lack of these results 

in combination with differences in methodology (58) or populations (172) 

make a comparison of P1 and P2 to other studies difficult. P1 and P2 

therefore can be seen as an important asset in closing gaps of knowledge 

on the utilization and safety of individual antidepressants, also for com-

paratively infrequently used antidepressants. This level of detail has also 

been used in other safety studies focusing on adverse events in older anti-

depressant users, e.g. recently in two investigations on the risk of trau-

matic brain injuries as well as fractures (57, 176). 

Finally, within all three publications it was shown that St. John’s wort is 

used in both groups as an alternative to conventional antidepressants. De-

spite capturing only a potentially smaller proportion of all utilization of St. 

John’s wort in claims data, the findings highlight that St. John’s wort 

should not be excluded when studying the utilization and safety of antide-

pressants, if possible. In light of the high potential for drug-drug-

interactions that St. John’s wort holds as a potent inducer of CYP2C9 and 

CYP2C19 as well as the already well-known adverse event of photosensi-

tivity of the skin (136, 142, 200), all options of gaining more information 

on the utilization and safety of this drug should be considered. This is es-
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pecially relevant as plant-based treatment alternatives to conventional 

drugs gain more and more popularity. As previously described, it is often 

not possible to study the utilization and safety of St. John’s wort using 

secondary data such as claims or electronic medical records due to St. 

John’s wort being sold and dispensed primarily over the counter. Hence, 

primary data studies are needed to further investigate the utilization and 

safety of St. John’s wort, leading back to one of the initial problems of cap-

turing older adults and pregnant women in trials as well as other studies 

based on primary data. Primary data studies therefore should use target-

ed approaches to identify the utilization of St. John’s wort and to appro-

priately include older adults or pregnant women. Linkage of claims data 

with data from primary data collection might be considered to overcome 

these problems.  

In Germany, this could potentially be done for a subset of patients includ-

ed in GePaRD if they are participants of the NAKO Gesundheitsstudie and 

consented in linkage of their data to GePaRD. For the NAKO Gesund-

heitsstudie, oversampling of older adults was performed to overcome the 

problems of underrepresentation (201, 202). As participants were further 

asked to bring all medication used within the past seven days to their in-

terview and as these medication were systematically registered (201), the 
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data from the NAKO Gesundheitsstudie might also help to identify users of 

St. John’s wort. 

There are some strengths or advantages as well as limitations or disad-

vantages when investigating the utilization and safety of antidepressants 

in vulnerable groups of patients based on claims data. 

One limitation is that there is no information included in GePaRD (or in 

secondary data generally, to be more precise) if a person really used the 

drug, i.e. misclassification of exposure and exposed time may have oc-

curred. This is especially crucial for the presented safety study in older 

adults (P1) as well as for the investigation on the occurrence of malfor-

mations after exposure in-utero (P3), as a person may have falsely been 

classified as using the drug, while in reality only the prescription was filled 

and the antidepressant was not used or only briefly and then stopped 

(203). Early discontinuation may be attributed to early adverse drug reac-

tions in antidepressant use such as headaches, gastro-intestinal effects, 

insomnia, dizziness and falls (204, 205). In older adults, there may further 

be adverse events from polypharmacy and related drug-drug interactions 

(96). For both studies, this might have caused bias away from the null as 

outcome cases were counted as under exposure, while they should have 

been counted in the control group. But as these early adverse events can 

also be tolerable to achieve the desired effect and as the increase in risk 
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was seen for different antidepressants with varying likelihood for early 

adverse events, early discontinuation potentially did not have a large in-

fluence on the overall results.  

Compared to other sources of secondary data such as electronic medical 

records where there is only information that the drug was prescribed (5, 

206), having the information that the antidepressant was indeed dis-

pensed to the patient is an advantage as filling the prescription is a step 

towards the intent of using treatment. To be rather sure that a person in-

deed used the antidepressant, further investigations on the dispensations 

would be needed and considered in analyses. This would encompass in-

vestigating repeat dispensations, the amount of units and DDDs dispensed 

as well as the time passing between two dispensations. As dosage 

schemes are currently not available in dispensation data – changes to pre-

scription form and prescribing practice where physicians have to provide 

either the dosage on the form or indicate that a medication plan was 

handed to the patient has only been introduced in 2020 (207), leading to 

this information only being available in future data years to be included in 

GePaRD – precision when assessing exposure is further hampered as it has 

to be estimated. P1 shows one example of estimating exposure at the day 

of the outcome by considering the date of the last dispensation of an anti-

depressant before the outcome occurred in combination with the number 
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of DDDs dispensed per package dispensed and the number of packages. 

To account for potentially lower dosages or forgetfulness in older adults, 

the thus estimated supply was extended as according to a study based on 

Dutch data (50). Another option would have been to create treatment ep-

isodes from cohort entry onwards, again also applying the algorithm de-

veloped by Gardarsdottir and Souvereign (50). When lacking more infor-

mation on prescribed dosage, another option to estimate exposure would 

have been an investigation of the distribution of the time elapsing be-

tween dispensations – the so called waiting time distribution (162, 163), 

which has recently been further refined for exposure assessment in case-

control studies (164). When creating treatment episodes both methods 

still require some decision-making processes where the supply of one dis-

pensation overlaps the other, i.e. if overlaps should be omitted or if this 

should partially or fully be considered as stockpiling (208, 209). In both P1 

and P3, misclassification of exposure therefore is of concern. However, as 

estimation of exposure was performed the same way for all patients in-

cluded in either study, potential bias should be non-differential and for P1, 

it should have caused rather an underestimation of the effect (210). 

Another limitation of the presented studies is the missing of information 

of OTC drug use (5). For P1, this potentially led to an underassessment of 

confounding medication, as acetyl salicylic acid and non-steroidal anti-
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inflammatory drugs are frequently administered in older adults in Germa-

ny and are relevant factors for determining bleeding risks, but in lower 

dosages which are mainly available OTC. In consequence, residual con-

founding due incomplete capturing of these drugs may have led to flawed 

results (211). In P2, a difference in characteristics between off- and on-

label users may have been overseen due to the OTC problematic. Howev-

er, the missing information on OTC medication potentially had the biggest 

influence on P3. Many preparations of St. John’s wort are sold OTC – ei-

ther at pharmacies or at drug stores – with only the indication, but not the 

dosage differing between these preparations and prescription prepara-

tions of the drug. This had the following consequences: a) the original 

study presented is not representative of all pregnancies during which St. 

John’s wort is used, as a potentially larger group could not be identified as 

exposed; and b) misclassification of trimesters as unexposed may have 

occurred as pregnant women may have bought St. John’s wort OTC before 

or after the first dispensation identified during pregnancy. Misclassifica-

tion of pregnancies as unexposed during the first trimester though there 

was a dispensation would have caused a bias towards the null as events 

are overlooked in this category. At the same time, misclassification of ex-

posure during the second or third trimester as non-exposure would have 
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resulted in a bias away from the null as the denominator is underestimat-

ed. 

For all three original studies presented, another limitation is the by and 

large non-availability of information on lifestyle factors in GePaRD, espe-

cially on height, weight, smoking and alcohol consumption (92, 99). Over-

weight, obesity and smoking are relevant risk factors for the haemorrhagic 

stroke and are also associated with depression and antidepressant use 

(67, 68, 212, 213). Information on weight, smoking and alcohol consump-

tion is only included in GePaRD if they are a threat to the patient’s overall 

health and were therefore coded as a disease, i.e. the extremes as obesity 

and abuse of alcohol and tobacco can be found in GePaRD only. These se-

vere forms would only potentially be identifiable from diagnosis codes de-

scribing mental and physical consequences from abusive behaviour. The 

same applies to illicit drug use. In electronic medical records as secondary, 

data this information is often available, while it is not available in most 

claims data such as GePaRD. As a consequence, these lifestyle related fac-

tors represent unmeasured confounders in the safety study on the risk of 

haemorrhagic stroke in antidepressant use. However, by adjusting for di-

agnoses and other medications associated with these lifestyle-factors, part 

of the confounding should have been compensated for.  
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Smoking and alcohol consumption also are risk-factors for occurrence of 

malformations in babies exposed in utero to St. John’s wort (214, 215). 

Due to the limitations described above, it was therefore not possible to 

use this information in a meaningful way as potential confounders in the 

assessment of the relative risk of malformations after 1st trimester expo-

sure to St. John’s wort. 

For the investigation of pregnancies or pregnant women as a vulnerable 

group of patients, the lack of more exact information on the gestational 

age is of a disadvantage compared to studies based on primary data. In 

primary data studies, the gestational age can be assessed at contact via 

questionnaire, ultrasound exam or by investigation of medical or materni-

ty records. In secondary data on the other hand, there is some uncertainty 

as the identification of pregnancies underlies certain assumptions. The 

identification of pregnancies is based on birth events, screenings and pro-

cedures during pregnancy as well as the estimated date of delivery (if 

available) and the mean duration of pregnancy, while the last menstrual 

period is unknown (42, 43, 74, 134). For US data, this limitation can poten-

tially partly be resolved in the future, as codes for gestational age were 

recently introduced to the ICD-10 Clinical Modification (ICD-10-CM) sys-

tem to be coded when an event during pregnancy cannot be coded ac-
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cording to the pregnancy-related chapter of ICD-10-CM (216). Including 

this information also into the ICD-10-GM would therefore be a great asset. 

Despite the disadvantages, there are also some strengths and advantages 

when investigating the utilization of antidepressants in vulnerable groups 

of patients based on claims data.  

First and foremost, the unselected nature of GePaRD as a study basis facil-

itates the identification of vulnerable populations, as already demonstrat-

ed in previous studies on children, older adults and pregnancies (48, 57, 

124, 217-219). Age-based cohorts such as older adults can easily be identi-

fied, as certain demographic information including the year of birth are 

included in GePaRD for almost all patients, with only very few cases of 

missing or implausible information (92, 99). For pregnant women and also 

other populations defined by certain markers of health or healthcare utili-

zation, algorithms based on factors that are unique for the respective 

population can be developed and have been developed to identify the 

population (43, 134). Moreover, as there are also algorithms available by 

which mothers and babies can be linked (135), using secondary data as 

included in GePaRD facilitates investigating the occurrence of malfor-

mations, and even of rare malformations (131). The size of GePaRD and its 

long follow up of currently 16 years (for the original studies included in 

this dissertation: 8, 11 and 11 years) further facilitates the study of rare 
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exposures and events generally and also in vulnerable populations, result-

ing in comparably large cohorts even for subgroups. Furthermore, investi-

gations of trends over longer periods of time, as reported in original stud-

ies P2 and P3, can be conducted. 

Using secondary data further holds the advantage that both recall and se-

lection bias can be ruled out in the studies conducted (5, 7). As described 

earlier, it is a known problem in studies based on primary data that people 

erroneously remember either drug exposure, or the occurrence of a dis-

ease during or after therapy, or both. Additionally, when wanting to study 

the risk of adverse events from drug utilization, it has been shown that 

there are differences in recall of events between patients having experi-

enced the outcome compared to patients not having experienced the out-

come. In consequence, differential misclassification of exposure is of ma-

jor concern (28, 29, 220, 221). Within the studies conducted for this dis-

sertation, such bias would have been of concern in P1 and P3. In P1, older 

adults having experienced (and survived) a haemorrhagic stroke would 

have potentially remembered better which drugs they used at the time of 

event (28). Similarly, mothers of babies with malformation have been 

shown to remember differently than mothers of babies without malfor-

mations if and when during pregnancy they used medication that poten-

tially may have caused the malformation (221). In studies based on sec-
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ondary data, this is not of concern as data collection follows health care 

provision and diagnosing over time in a uniform manner for all patients. 

Information on timing of exposure and outcome thus is the same for all 

patients overall and also within specific groups.  

The absence of selection bias is another important advantage of second-

ary data when studying drug exposure and outcome occurrence. When 

studying drug safety in antidepressants, secondary data such as claims da-

ta or electronic medical records, and GePaRD specifically have the ad-

vantage of having a rather complete assessment of drugs prescribed and 

used. Only OTC medication (and for GePaRD the majority of medication 

given in hospital) are not captured (7, 92, 99), which in terms of antide-

pressants is only relevant for St. John’s wort. Recall-bias regarding the use 

of specific drugs and/or the name of the specific drug as seen in primary 

data studies therefore is not of concern. This is especially relevant in older 

adults, where recall may be hampered as age-related memory gaps are to 

be expected.  

Furthermore, for all three original studies presented, and especially for P1 

and P3, the ability to identify concomitant utilization of potentially inter-

acting drugs is another advantage that secondary data hold. Drug-drug 

interactions are of special concern in older adults and pregnant women as 

they might occur at different dosages of drug as well as in different fre-
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quencies. However, the knowledge on the safety of antidepressant use 

per se stemming from clinical trials for older adults and pregnant women 

in combination with the knowledge that in both groups drugs are metabo-

lized differently compared to younger, healthier, non-pregnant popula-

tions in clinical trials is limited (34, 35, 41, 49, 222, 223). Hence, consider-

ing the known potentials and further evaluating if these interactions are of 

relevance in older adults and during pregnancy is another important as-

pect that can easily be assessed from dispensation data without underly-

ing recall bias for drug exposure.  
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5. Summary and outlook 

Overall, the original studies for this dissertation have shown that real-

world data such as GePaRD are an essential resource when studying the 

utilization of antidepressants in vulnerable groups of patients. Older 

adults and pregnancies exposed to antidepressants generally and St. 

John’s wort specifically can be identified as comparably large cohorts, en-

abling the investigation of both infrequent antidepressants as exposure as 

well as rare outcomes, such as haemorrhagic stroke or specific malfor-

mations in babies.  

In older adults, the utilization of certain antidepressants leads to an in-

creased risk of stroke due to brain haemorrhage, but the risk differs within 

classes of antidepressants. This calls for cautious selection of the individu-

al antidepressant to be used, and individual antidepressants of one class 

therefore should not be treated the same. Generally, prescribing of anti-

depressants to older adults is not supported by an indicating diagnosis in 

more than 40% of all prescriptions, with variations between individual an-

tidepressants. Insomnia and pain were identified as two putative indica-

tions for OLU of antidepressants, which are licensed indications in certain 

antidepressants with variations within classes of antidepressants. This 

suggests that physicians might see indications to be interchangeable be-

tween individual antidepressants of one class. As the potential adverse 
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events from OLU generally are unknown, the high proportion of OLU and 

the found putative indications call for cautious weighing of benefits and 

risks when prescribing antidepressants to older adults. During pregnancy, 

St. John’s wort is mainly used during the first trimester, but rarely as an 

alternative to other antidepressants. In some cases it was used concomi-

tantly with potentially interacting drugs such as antiepileptic drugs, sug-

gesting that awareness of potential drug-drug-interactions needs to be 

increased. The rate of incomplete pregnancies among pregnancies ex-

posed to St. John’s wort is slightly higher than in pregnancies overall iden-

tified in GePaRD. As numbers were low, the higher rate of malformations 

of the heart in babies exposed to St. John’s wort during the first trimester 

needs to be interpreted with caution.  

Despite the increased risk for haemorrhagic stroke, further studies need 

to be conducted as the nested case-control study as a method is not the 

best choice when wanting to investigate causal contrasts for the utilization 

of certain antidepressants and the occurrence of the outcome. Hence, the 

application of other methods to investigate a causal relationship between 

antidepressant use and the occurrence of haemorrhagic stroke, e.g. by 

applying the target trial approach would be needed (224, 225).  

In older adults, a high proportion of OLU was found. While this may be 

justified in certain cases, this still holds the potential for unknown ADRs. 
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Given the scarcity of studies on the risk of ADR due OLU (12, 226) it would 

be of great relevance to further study the frequency of ADR in off-label 

antidepressant use in the elderly and comparing the risk of ADR in on-

label users and off-label users. An effect of concern would be e.g. the po-

tentially life-threatening serotonin syndrome which is characterized by a 

combination of symptoms such as hypertension, tremor, tachycardia, agi-

tation and confusion, to name a few (227, 228). It would also be of further 

interest if the high proportion of OLU can be found overall in adult users 

of antidepressants in Germany, or if this is only relevant in certain sub-

groups.  

On a more general level, the finding that TCA are the most frequently used 

class of antidepressants in older adults in Germany also warrants further 

education for physicians and patients, as safer treatment alternatives 

among antidepressants are available. TCA seem to be chosen despite their 

known lower safety and tolerability compared to SSRI and as opposed to 

practice in other countries where SSRI are the most frequently used anti-

depressants. This finding also highlights the need to further investigate if 

the frequent use of TCA is only relevant in older adults, or if TCA are gen-

erally still the number one antidepressant group in Germany. 

The concomitant use of different antidepressants as well as the concomi-

tant use of antidepressants with potentially interacting drugs are two as-
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pects of antidepressant utilization that need to be investigated further. 

For the simultaneous use of different antidepressants, it is of relevance to 

identify if this can be seen as a marker of depression that is resistant to 

single-substance therapy and if e.g. lithium is used for augmentation in 

these patients. Generally, it needs to be assessed how often antidepres-

sant therapy requires augmentation, and if this is more often the case in 

older adults compared to adults between ages 18 to 64 years. Concomi-

tant use of antidepressants with potentially interacting drugs needs to be 

explored further as this may harm success of either one or both therapies 

and potentially lead to ADR. For this purpose, it would be necessary to ex-

plore which interacting drugs are frequently used concomitantly and the 

occurrence of ADR following this concomitant use. An example would be 

the use of tamoxifen and certain antidepressants such as paroxetine, 

where paroxetine leads to partial or full ineffectiveness of tamoxifen with 

a suspected higher risk of breast cancer recurrence compared to concomi-

tant use of tamoxifen with other non-interacting antidepressants.  

For studies on the risk of ADR in general and in relation to drug-drug in-

teractions specifically, it would be beneficial to have more information on 

the use of OTC medication, especially acetyl salicylic acid and non-

steroidal anti-inflammation drugs (NSAIDs) such as low-dose ibuprofen, 

and – if possible – also on the metabolizer status of patient. While the 
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former would be relevant as both confounders and potentially interacting 

drugs, the metabolizer status could help improve exposure estimations 

and enable to consider this information when assessing the risk for an 

ADR due to drug-drug interactions. For exposure estimation, the metabo-

lizer status could help optimizing estimations by e.g. explaining seemingly 

implausible gaps between dispensations due to lower dosages being used 

and thus less frequent prescriptions being needed. Information if a patient 

is a low metabolizer would be helpful in drug-drug interaction studies, as 

this would enable subgroup analysis and thus the identification of special 

risks due to drugs being processed at a slower rate. A potential source for 

this information could be e.g. the data from the NAKO-Gesundheitsstudie 

where all drugs used during the past seven days are assessed, and where 

metabolizer status could be identified from blood samples drawn. For part 

of the volunteers included in the NAKO study, this information could be 

directly linked to GePaRD. 

Regarding the use of St. John’s wort during pregnancy and a potentially 

increased risk for cardiac malformations after first trimester exposure, dif-

ferent steps could be taken in the future. Internationally, it could be ex-

plored which other databases hold information on both pregnancy and 

the use of St. John’s wort. Within GePaRD, finding suitable active compar-

ators as well as potential study designs would be needed to further inves-
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tigate the increased relative risk of cardiac malformations after first tri-

mester exposure. 
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Appendix A.  

Classification of antidepressants1 

ATC-code2 Substance Classification 
N06AA01 Desipramine TCA 
N06AA02 Imipramine TCA 
N06AA04 Clomipramine TCA 
N06AA05 Opipramol TCA 
N06AA06 Trimipramine TCA 
N06AA07 Lofepramine TCA 
N06AA08 Dibenzipin TCA 
N06AA09 Amitriptyline TCA 
N06AA10 Nortriptyline TCA 
N06AA12 Doxepin TCA 
N06AA16 Dosulepin TCA 
N06AA21 Maprotiline TCA 
N06AA25 Amitriptylinoxide TCA 
N06AB03 Fluoxetine SSRI 
N06AB04 Citalopram SSRI 
N06AB05 Paroxetine SSRI 
N06AB06 Sertraline SSRI 
N06AB08 Fluvoxamine SSRI 
N06AB10 Escitalopram SSRI 
N06AF04 Tranylcypromine MAO 
N06AG02 Moclobemide MAO 
N06AH01 St. John’s wort Herbal antidepressants 
N06AH10 Homoeopathic antidepressants Herbal antidepressants 
N06AP01 St. John’s wort Herbal antidepressants 
N06AP51 St. John’s wort, combinations Herbal antidepressants 
N06AX02 Tryptophan Other antidepressants 
N06AX03 Mianserin NaSSA 
N06AX05 Trazodone Other antidepressants 
N06AX09 Viloxazine NARI 
N06AX11 Mirtazapine NaSSA 
N06AX12 Bupropion Other antidepressants 
                                                
1 Only antidepressants with their respective ATC-codes that are/were authorized in Germany since 2004 
and for which a dispensation was found in GePaRD are listed. 
2 According to the ATC classification by the “Wissenschaftliche Institut der Ortskassen” (WIdO) 
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N06AX14 Tianeptine Other antidepressants 
N06AX16 Venlafaxine SSNRI 
N06AX18 Reboxetine NARI 
N06AX21 Duloxetine SSNRI 
N06AX22 Agomelatine Other antidepressants 
N06AX26 Vortiotexin Other antidepressants 
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Appendix B. 

Examples of reimbursable preparations of St. John’s wort included in GePaRD 
ATC ATC 

Bedeutung 
Artikelname Darreichungsform Wirkstoff Wirkstoffmenge Einheit 

N06AP01 Johanniskraut FELIS 425 mg 
Hartkapseln 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut FELIS 425 mg 
Hartkapseln 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut FELIS 425 mg 
Hartkapseln 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut FELIS 650 Film-
tabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 

650 mg 
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Ethanol 60% (m/m) 
N06AP01 Johanniskraut FELIS 650 mg 

Filmtabletten 
Filmtabletten Johanniskraut-

Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

650 mg 

N06AP01 Johanniskraut FELIS 650 mg 
Filmtabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

650 mg 

N06AP01 Johanniskraut JARSIN 300 über-
zogene Tabletten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

300 mg 

N06AP01 Johanniskraut JARSIN 300 über-
zogene Tabletten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

300 mg 

N06AP01 Johanniskraut JARSIN 450 mg 
überzogene Tab-
letten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

450 mg 
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N06AP01 Johanniskraut JARSIN 450 mg 
überzogene Tab-
letten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

450 mg 

N06AP01 Johanniskraut JARSIN 450 mg 
überzogene Tab-
letten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

450 mg 

N06AP01 Johanniskraut JARSIN 750 mg 
Tabl.ueberzogen 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

750 mg 

N06AP01 Johanniskraut JARSIN 750 mg 
Tabl.ueberzogen 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

750 mg 

N06AP01 Johanniskraut JARSIN 750 mg 
Tabl.ueberzogen 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

750 mg 

N06AP01 Johanniskraut JARSIN RX 300 Überzogene Tablet- Johanniskraut- 300 mg 
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mg überzogene 
Tabletten 

ten Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

N06AP01 Johanniskraut JARSIN RX 300 
mg überzogene 
Tabletten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

300 mg 

N06AP01 Johanniskraut JARSIN RX 300 
mg überzogene 
Tabletten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

300 mg 

N06AP01 Johanniskraut JOHANNISKRAUT 
AL Hartkapseln 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut JOHANNISKRAUT 
AL Hartkapseln 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut JOHANNISKRAUT 
SANDOZ 425 mg 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-

425 mg 
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Hartkapseln 6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

N06AP01 Johanniskraut JOHANNIS-
KRAUT-CT Hart-
kapseln 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut JOHANNIS-
KRAUT-
RATIOPHARM 
425 mg Hartkaps. 

Kapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut JOHANNIS-
KRAUT-
RATIOPHARM 
425 mg Hartkaps. 

Kapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut KIRA 300 mg 
überzogene Tab-
letten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

300 mg 

N06AP01 Johanniskraut KIRA 300 mg 
überzogene Tab-
letten 

Überzogene Tablet-
ten 

Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Metha-

300 mg 
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nol 80% (V/V) 
N06AP01 Johanniskraut LAIF 600 Tablet-

ten 
Tabletten Johanniskraut-

Trockenextrakt (5-8:1); 
Auszugsmittel: Ethanol 
50% (V/V) 

612 mg 

N06AP01 Johanniskraut LAIF 600 Tablet-
ten 

Tabletten Johanniskraut-
Trockenextrakt (5-8:1); 
Auszugsmittel: Ethanol 
50% (V/V) 

612 mg 

N06AP01 Johanniskraut LAIF 600 Tablet-
ten 

Tabletten Johanniskraut-
Trockenextrakt (5-8:1); 
Auszugsmittel: Ethanol 
50% (V/V) 

612 mg 

N06AP01 Johanniskraut LAIF 900 Balance 
Filmtabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Ethanol 
80% (V/V) 

900 mg 

N06AP01 Johanniskraut LAIF 900 Balance 
Filmtabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Ethanol 
80% (V/V) 

900 mg 
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N06AP01 Johanniskraut LAIF 900 Filmtab-
letten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Ethanol 
80% (V/V) 

900 mg 

N06AP01 Johanniskraut LAIF 900 Filmtab-
letten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Ethanol 
80% (V/V) 

900 mg 

N06AP01 Johanniskraut LAIF 900 Tablet-
ten 

Tabletten Johanniskraut-
Trockenextrakt (3-6:1); 
Auszugsmittel: Ethanol 
80% (V/V) 

900 mg 

N06AP01 Johanniskraut NEUROPLANT 
1x1 Filmtabl. 

Filmtabletten Johanniskraut-
Trockenextrakt 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
1x1 Filmtabl. 

Filmtabletten Johanniskraut-
Trockenextrakt 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
1x1 Filmtabl. 

Filmtabletten Johanniskraut-
Trockenextrakt 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
300 mg N Film-
tabl. 

Filmtabletten Johanniskraut-
Trockenextrakt (4-7:1); 
Auszugsmittel: Metha-

300 mg 
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nol 80% (V/V) 
N06AP01 Johanniskraut NEUROPLANT 

aktiv Filmtablet-
ten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
aktiv Filmtablet-
ten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
aktiv Filmtablet-
ten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
aktiv Filmtablet-
ten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
Filmtabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 
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N06AP01 Johanniskraut NEUROPLANT 
Filmtabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
Filmtabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 

N06AP01 Johanniskraut NEUROPLANT 
Filmtabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (3-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

600 mg 

N06AP01 Johanniskraut REMOTIV Film-
tabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (4-7:1); 
Auszugsmittel: Ethanol 
50% (m/m) 

250 mg 

N06AP01 Johanniskraut SPILAN 425 mg 
Hartkapseln 

Hartkapseln Johanniskraut-
Trockenextrakt (3,5-
6:1); Auszugsmittel: 
Ethanol 60% (m/m) 

425 mg 

N06AP01 Johanniskraut TEXX 300 Film- Filmtabletten Johanniskraut- 300 mg 
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tabletten Trockenextrakt (4-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

N06AP01 Johanniskraut TEXX 300 Film-
tabletten 

Filmtabletten Johanniskraut-
Trockenextrakt (4-7:1); 
Auszugsmittel: Metha-
nol 80% (V/V) 

300 mg 
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Appendix C. P1 

Schäfer, W., Princk, C., Kollhorst, B. et al. Antidepressants and the Risk of 

Hemorrhagic Stroke in the Elderly: a Nested Case–Control Study. Drug Saf 

42, 1081–1089 (2019). https://doi.org/10.1007/s40264-019-00837-y 
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Appendix D. P2 

Schäfer, W, Reinders, T, Riedel, O, Haug, U. How often are antidepressants 

prescribed off-label among older adults in Germany? A claims data analy-

sis. Br J Clin Pharmacol. 2021; 87: 1778– 1789. 

https://doi.org/10.1111/bcp.14564 
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Appendix E. P3 

Schäfer W, Wentzell N, Schink T, Haug U. Characterization of pregnancies 

exposed to St. John's wort and their outcomes: A claims data analysis. Re-

prod Toxicol. 2021 Jun;102:90-97. doi: 10.1016/j.reprotox.2021.04.005.
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Own contributions to the publications 

As according to § 6 (2), sentences 2 and 4 of the Promotionsordnung for Dr. rer. nat at Faculty 11, University of Bremen, an 

overview on the candidate’s own contribution to the publications with first authorship is provided in the table below. 

Step P1 P2 P3 
Conceptualisation and research question entirely entirely predominantly 
Literature research predominantly entirely entirely 
Study plan predominantly entirely entirely 
Data collectiona -- -- -- 
Data analysis entirely predominantly entirely 
Discussion and interpretation predominantly predominantly predominantly 
Drafting of manuscript predominantly predominantly predominantly 
Revision predominantly predominantly predominantly 
a as all publications are based on pseudonymous secondary data, not collection of data was performed. Data management, 
(supervision of) programming of analysis datasets and statistical programming are included in “data analysis”. 
entirely: all steps performed independently in frequent exchange with colleagues; predominantly: the majority of steps per-
formed independently;  
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