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SUMMARY

Summary
Pharmacoepidemiology can be defined as the science of the use and the effect of drugs in large human
populations. Although originally limited to post-marketing drug surveillance of rare or long-latency
adverse drug events, the relatively young science emerged to be an invaluable tool across different stages
of drug development, including the assessment of drug utilisation and cost-effectiveness, the characterisation of target populations of drugs in development, the evaluation of undiscovered beneficial or
detrimental drug effects, or the provision of evidence of effectiveness when randomised controlled trials
are not feasible due to ethical or practical barriers. The possibilities of conducting pharmacoepidemiological studies have substantially increased with the unprecedented emergence of large health care
databases over the past decades. Available databases can vastly be divided into administrative databases
(data are collected primarily for administrative purposes, such as reimbursement of health care costs)
and medical record databases (data are collected by physicians, usually primary care providers, who
enter information on patients while providing medical care). A peculiarity of most pharmacoepidemiological database research is that the number of accessible databases within an organisation, a
research group, or a company is usually restricted, i.e., a study’s underlying database is predetermined
and precedes the research question. As the available databases vary in the type of questions they can
optimally answer, their strengths, but especially their inherent limitations inevitably need to be
considered when establishing a fit-for-purpose research question.
This thesis aimed to contribute to the general understanding of how different databases shape epidemiological research questions. To do so, three exemplary studies encountering different research questions,
study populations (which are reflected in the title of each study), and study designs were conducted
within the administrative Helsana claims database (the elderly and the young) and the Clinical Practice
Research Datalink (CPRD; the ill).
In the elderly, we comprehensively assessed drug utilisation in Swiss nursing homes in 2016 using the
Helsana claims database. In particular, the aim of this study was to examine the prevalence of polypharmacy and use of potentially inappropriate medication (PIM) in individuals aged ≥ 65 years, who were
either nursing home residents (NHR) or living in the community (reference group, RG). Compared with
the RG, polypharmacy was more prevalent in NHR (86%; RG, 50%). On top, more than half of all
NHR (56%) were long-term users of at least one PIM. Although the number of different drugs taken
concurrently was high in NHR (9.4; RG, 5.5), it decreased with increasing age, suggesting a deprescribing of drugs with an unfavourable benefit-risk profile. Drug costs seemed to constitute a minor
part of total health care costs of patients in nursing homes, as per capita drug costs per day for NHR
were relatively low with CHF 8.55. The high prevalence of polypharmacy and of long-term PIM use
may indicate the need for effective interventions to optimise drug prescribing in Swiss nursing homes.
i
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In the young, we shed light on coverage rates and timeliness of nationally recommended vaccinations
in Swiss preschool children by investigating cohorts of children born between January 2010 and
December 2016 using the Helsana claims database. Time trend analysis revealed a continuously
increasing proportion of children with up-to-date vaccinations for all vaccinations under study.
Nevertheless, national vaccination goals have not been reached. On average, only seven out of ten
children had an up-to-date status for completed basic vaccinations; even less (six out of ten) were upto-date for recommended supplementary vaccinations at 37 months of age. Additionally, delay of
vaccine administration was common, particularly for measles, mumps, and rubella combination
vaccines, where 23% of children vaccinated with the first dose experienced delays relative to ageappropriate standards. Every twenty-fifth child did not receive any vaccination under study up to 37
months of age (substantially varying according to canton of residence), leaving this vulnerable
population unprotected against vaccine-preventable diseases, and calling for effective public health
measures to optimise vaccination coverage in Switzerland.
The ill aimed at assessing the risk of melanoma and non-melanoma skin cancer in new users of thiazides
and thiazide-like diuretics (TZs) such as hydrochlorothiazide (HCTZ), indapamide, and bendroflumethiazide (BFT) compared to two other first-line antihypertensive drug groups. Applying a cohort study
design that adhered to key principles of pharmacoepidemiological methods, we were able to quantify
absolute and relative risks of cutaneous malignant melanoma (CMM), basal cell carcinoma (BCC), and
squamous cell carcinoma (SCC) using the CPRD (1998-2017). Long-term use (≥ 20 prescriptions) of
HCTZ was associated with a 1.95-fold increased risk of SCC (number needed to harm, 1 144 patients
per year) when compared with long-term use of calcium channel blockers. While use of BFT appears to
be safer than other TZs with regard to skin cancer risk, long-term use of indapamide was associated with
a 1.43-fold increased risk of CMM. Future studies are warranted to corroborate this finding, especially
given the severe clinical implications and high mortality of CMM when diagnosed at advanced stages.
In summary, the studies presented in this thesis contribute to the understanding of when and how
different databases can be used to answer particular types of pharmacoepidemiological research questions. While administrative databases such as the Helsana claims database are considered the gold
standard regarding drug exposure information and are thus ideally suited for descriptive research questions concerning drug utilisation, medical record databases such as the CPRD contain more detailed
information on diagnoses and potential confounders, and are therefore better equipped to address
analytical research questions seeking causal associations. Finally, and perhaps most crucially, the database only provides the raw materials to address a research question, but does nothing to ensure a study
is appropriately designed and conducted. It is the interplay of the accessible database, a suitable study
question, and a high-quality study design and analysis plan that determines whether a study can
successfully reproduce the truth. This thesis is an important reminder that rigorous observational
research is not only possible, it is essential to further improve clinical practice and health policy.
ii
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Introduction

INTRODUCTION

1 Introduction
1.1
1.1.1

Pharmacoepidemiology
A young science growing up
« Science is facts; just as houses are made of stones, so is science made of
facts; but a pile of stones is not a house and a collection of facts is not
necessarily science. »
Henri Poincaré †1912, French mathematician and philosopher of science

Epidemiology fathoms the distribution of disease and health in human populations. Since drugs
constitute one of the factors that influence such a distribution, pharmacoepidemiology can be defined as
the application of epidemiological methods to study the effects (both beneficial and adverse) and uses
of drugs in large numbers of people.1 The discipline of pharmacoepidemiology emerged as a result of
the need to monitor drugs with regard to various medical risks, particularly rare or long-latency adverse
drug events (ADEs).2
At the beginning of a new era of clinical research, when the development of novel treatments began to
take place in a more systematic way, tragic events acted as catalysts for (a) the establishment of ethical
standards in clinical research and (b) post-marketing drug surveillance.3 The ‘Tuskegee study’ between
1932 and 1972 and the ‘thalidomide disaster’ in the 1950s are illustrative examples for the former and
the latter, respectively. The Tuskegee Study of Untreated Syphilis in the Negro Male, conducted in Alabama, United States (US), intended to document the natural course of syphilis infection if it was left
untreated.4 Directors, researchers, and collaborators let hundreds of African-American men suffer from
and die of syphilis, and even decided to continue their study long after penicillin was proven to
effectively treat the infection.5 After the study was stopped in 1972, the Belmont Report was created as
a consequence in 1979. It was among the first documents to outline ethical codes for physicians and for
the protection of participants in clinical trials.6
In the 1950s, thalidomide was marketed as an anticonvulsant and, given its sedative effects, it was also
commercialised as a sleeping aid. Its use became widespread within years and was prescribed off-label
for the relief of morning sickness in pregnant women in the late 1950s and early 1960s, causing several
thousand children to be born with thalidomide-induced phocomelia (a congenital limb deformation).7
The growing impact and awareness of such ADEs, combined with the realisation that rare ADEs are not
captured in premarketing randomised controlled trials (RCTs) due to their limited size, duration, and
controlled nature, called for new methods of drug surveillance beyond market authorisation.8 In the
aftermath of the thalidomide tragedy, spontaneous reporting systems were implemented in the US and
in Europe.
1
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Although spontaneous reports of ADEs have led to the market withdrawal of several drugs
(e.g., fenfluramine due to valvular heart disease in 1997), a number of limitations such as underreporting
and lack of exposure information are inherent in spontaneous reporting systems (Table 1.1-1).9, 10
Table 1.1-1. Limitations of spontaneous ADE reporting systems and their implication. Adapted from
Limitation

Implication

Underreporting

Reporting systems are mostly voluntary; thus, reporting varies with the
reporter’s expertise to detect ADEs and the character of the ADE (see
bias), which can lead to protracted delays between marketing and
discovery of, and subsequent regulatory action regarding an ADE

Bias

Mild ADEs, ADEs perceived to be already well-known, and ADEs with a
long latency period are less likely to be reported

Unknown denominator
(population at risk)

Missing exposure information (i.e., the denominator) prevents the
calculation of a true incidence rate (IR)* of an event

Missing control group

Patients who are exposed to a drug are usually different from patients
who are not exposed to the same drug

11

*IR is defined as a measure of the frequency with which an event (e.g., disease) occurs over a specified time period;
the denominator is the sum of the person-time of the population at risk

These shortcomings called for a more systematic and effective approach for post-marketing drug
surveillance and led to the emergence of the science of pharmacoepidemiology in the mid-1960s.12 In
these early days, the Boston Collaborative Drug Surveillance Program (BCDSP) and the Johns Hopkins
Hospital started to use in-hospital monitoring methods to conduct formal epidemiological research on a
large scale and to quantify the potential adverse effects of prescription drugs.13
Pharmacoepidemiology not only provides the opportunity to detect ADEs in large populations, but can
also, in contrast to most pre-marketing RCTs, provide reassurance concerning the safety of drugs. While
the significance of this discipline for the assessment of drug safety is well recognised today, pharmacoepidemiology also deals with economic aspects of drug use. In view of increasing cost pressure in the
health care system, pharmacoepidemiology has proven to be valuable for analyses of drug utilisation as
well as the assessment of benefit-risk relationships and cost-effectiveness of drug therapies. As a result,
the relatively young science has grown up and become an integral part of the drug development process
and of decision-making in the public health sector over the past decades.8, 14
1.1.2

Observational research and its role in medicine

Observational research is a branch of non-experimental clinical research (Figure 1.1-1). Importantly,
where experimental research assigns interventions to achieve balanced study groups, observational
research observes exposed and unexposed individuals under ‘real-life conditions’ without intervening
itself. In observational studies, data are collected through observing usual clinical practice
(e.g., interviews, surveys, or database queries), instead of actively being generated or altered. When
2
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there is no comparison group, observational studies are called ‘descriptive’, and they can further be
divided into case reports and case series. If there is a comparison group, data can be used for statistical
inference, and relationships between different exposures (i.e., risk factors) and outcomes (e.g., diseases)
can be investigated. These studies are of analytical nature, and consist of case-control studies, cohort
studies, and cross-sectional studies. The latter is sometimes categorised as descriptive rather than
analytical, depending on the presence or absence of a comparison group.3, 15, 16

Figure 1.1-1. Taxonomy of clinical research study designs. Adapted from

15

Evidence-based medicine describes the conscientious use of the best available evidence in making
decisions about the care of individual patients. Thereby, studies on the evaluation of therapy effects are
assigned levels of quality according to their research design. The classification system displayed in
Table 1.1-2 has been proposed for clinical research studies.14 Following this hierarchy, RCTs are evidence of the highest grade, as their study design is considered to be the only one allowing causal
inference due to minimised selection bias and confounding. The level of evidence for observational
studies is intermediate.17
Table 1.1-2. Hierarchy of clinical evidence according to the US Preventive Task Force. Adapted from
Quality level

Source of evidence

I

Evidence from at least one methodologically sound randomised controlled trial

II-1

Evidence obtained from well-designed non-randomised controlled trials

II-2

Evidence from properly designed cohort or case-control studies, if possible from
several independent research centres or research groups

II-3

Evidence from multiple time series with or without the intervention, or of
important/dramatic results in uncontrolled experiments

III

Expert opinions based on clinical experience, descriptive studies, or reports of
expert committees.
3
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The role of observational research in medicine
Observational studies offer an alternative for clinical researchers when ethical barriers or feasibility
issues (e.g., time or costs) preclude the performance of an RCT. Although there are key issues with
observational studies including (a) bias and poor control for unmeasured confounding due to the lack of
randomisation, (b) poorly designed studies (partly due to the lack of methodological possibilities in the
past), and (c) the generally accepted assumption that causal inference cannot be drawn from observational studies, recent evidence showed that results from well-designed observational studies do not
overestimate the magnitude of effects of treatment when compared to results of RCTs on the same
topic.19 In fact, previously disputed discrepant findings between observational studies and RCTs have
been demonstrated to be attributable to differences in the research question. Changing the study designs
of the observational studies, so that they would emulate the RCT of interest in design and analysis,
resulted in congruent findings.20-22
Growing data availability and advancements in the methodology have made observational studies an
invaluable tool in medical research. Whilst RCTs represent the gold standard to demonstrate drug
efficacy, in practice they often face various barriers, especially in assessing drug safety, which is when
epidemiological studies become the method of choice (Table 1.1-3).3, 15, 16, 23
Table 1.1-3. Shortcomings that favour observational studies over randomised controlled trials (RCTs)
in the assessment of drug safety. Adapted from 3
Issue

Advantages of observational studies over RCTs

Ethical issues

Deliberately exposing patients to potentially harmful drugs is unethical; thus,
putatively harmful effects can never be tested in RCTs

Costs

RCTs are highly cost-intensive compared with observational studies

Time

If quick answers to urgent study questions are needed, the greater timeliness
of observational research is an advantage

Sample size

Most clinical trials do not have the resources and infrastructure to include
large sample sizes; therefore, safety is assessed in small samples and often
as a secondary outcome, resulting in lack of power to detect rare ADEs

Trial duration

Clinical trials usually have a short duration due to costs and to adherence
issues; thus, long-latency ADEs may not be observed

External validity /
generalisability

Results of clinical trials in a narrow or homogeneous population (due to
restrictive eligibility criteria) may not be applicable to a larger population;
thus, results of observational studies more accurately represent the
heterogeneous target population (often including children and elderly
multimorbid individuals)

Design

Some designs (e.g., cross-over trials) may not be adequate to assess safety
when ADEs are long-lasting or have a long latency

Biases

RCTs are not void of biases; for instance, measurement bias (due to lack of
proper blinding) can result in ADEs being overestimated in the treatment
group and underestimated in the comparison group
4
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Due to the controlled environment inherent in the nature of RCTs, one of their limitations is the failure
to address adherence to drug therapy. Availability of large administrative databases has allowed clinicians to assess adherence to therapy in a real clinical setting. For instance, numerous RCTs showed the
efficacy of statin therapy in preventing cardiac events as well as their relatively safe ADE profile in
older adults. However, a cohort study using a large Canadian database reported that adherence to statins
among older adults is relatively low. In practice, RCTs may have therefore overestimated the
effectiveness of statin therapy in older adults in regard to the actual poor adherence.8, 24 In addition, the
hierarchy of study designs (see Table 1.1-2) needs to be inversed if we rank the designs according to
their chance of discovery of unknown ADEs.25 In medical research, findings of basic science, clinical
observations, or descriptive studies often generate novel hypotheses which lead to analytical
observational studies and may finally be followed by RCTs. Thus, answering research questions that
contribute to modern medicine is driven by an interplay of different study types.15, 16
Assessment of drugs as exposure variables
In epidemiology, an exposure variable can roughly be described as a factor that may be associated with
an outcome of interest. Even though many researchers rely on readily available (existing) data to identify
a patient’s exposure status, the definition of the exposure variable is a key factor in observational studies
and needs to be considered carefully. In pharmacoepidemiology, the exposure of interest is the exposure
to drugs, and consequently entails specific methodological challenges.26
Drug exposure data originate mainly from four data sources: data on prescribing, data on dispensing,
data on payment for medication, and data collected in surveys (see also chapter 1.1.6). These data
sources follow a process of attrition: drugs that are prescribed are not necessarily dispensed, and drugs
that are dispensed are not necessarily taken.27, 28 Drug exposure definitions can include simple dichotomous variables (e.g., ever exposed vs. never exposed) or be more detailed, including estimates of
exposure windows (e.g., current vs. past exposure) or dosage (e.g., current dosage or cumulative dosage
over time). Given that (a) ADEs may be dose-dependent, (b) a patient’s drug use (i.e., exposure status)
may change over time, and (c) poor adherence might lead to differences between the assessed and actual
exposure, imprecise exposure definition or a definition that is not causally appropriate to the study
outcome may strongly compromise the validity of a pharmacoepidemiological study. Moreover, the
knowledge of pharmacokinetic and pharmacodynamic properties of drugs have to be taken into account
when defining exposure. Finally, drugs are prescribed for a medical reason; thus, putative causal drug
effects need to be distinguishable from an underlying disease effect.8
All drug studies based on observational data are subject to a certain degree of residual confounding and
chance, which is inherent in non-experimental research. The ubiquitous presence of these factors
requires that data collection, study design, and methodology meticulously adhere to fundamental epidemiological principles to minimise the effect of such biases.26
5
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Causality
Pharmacoepidemiological studies are carried out to determine whether a certain exposure is causally
associated with a specific outcome. While pharmacoepidemiological study designs and statistical
methods allow to ascertain the existence of associations between exposures and outcomes (including
their strength), determining causal relationships is more complex. Hill’s considerations for causation,
proposed by Austin Bradford Hill (1897-1991), describe a series of theoretical and empirical properties
of causal relations (Table 1.1-4).17, 29, 30 Although they are sometimes referred to as Hill’s criteria, Hill
did not use the word ‘criteria’ (which might suggest each of them is necessary); instead, Hill refers to
them as ‘considerations’ or ‘viewpoints’ (although the consensus is that temporality is indeed vital).29
Table 1.1-4. Hill’s viewpoints on causal inference and their limitations. Adapted from

17, 31

Consideration

Reasoning

Issues

Strength

The stronger the measured
association, the more likely it is
to be causal, although weak
relationships may also be causal

- Other causes might confound the
association
- ADEs rarely reveal high risk
estimates

Consistency

The association is consistent
when results are replicated in
studies with different settings
and methods

- Exceptions are understood best
with hindsight
- Studies with shared flaws tend to
replicate the same erroneous
conclusions

Specificity

Present when an association is
observed specifically for a
particular outcome or in a
particular population

- One cause can have more than one
effect

Temporality

Exposure always precedes the
outcome

- In some cases, temporality may be
hard to establish (e.g., slowly
developing diseases)

Dose-response
relationship

Often, but not always, an
increasing level of exposure (in
amount and/or time) increases
the risk of the outcome

- Prone to confounding
- Dose-response thresholds may be
present for some associations

Biological plausibility /
coherence

The association is coherent with
present substantive knowledge,
and a plausible mechanism is
underlying the association

- Same as ‘consistency’

Experimental evidence

If evidence is based on
randomised experiments,
causation is more likely

- Sometimes unavailable and not
applicable

Analogy

Present when an association for
analogous exposures and
outcomes has already been
shown

- Analogies are various and may be
misleading
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Despite these helpful considerations, pharmacoepidemiological research will always fail to deliver a
clear verdict of causation due to its empirical nature.17,

30

Even the most elaborate statistical and

methodological approaches that are used to address causality questions will never ‘prove’ or ‘dismiss’
a hypothesis. Nonetheless, observations from pharmacoepidemiological research can be of invaluable
importance, as long as the available tools to evaluate causal inference are used considerately, and
resulting observations are critically analysed and interpreted.17
1.1.3

The research question
« The difficulty in most scientific work lies in framing the questions rather than
in finding the answers. »
Arthur E. Boycott †1938, British pathologist and naturalist

Developing a research question is an evolutionary process. In pharmacoepidemiology, the research
question is strongly associated with the study design and the data source, and predetermines the
subsequent steps in planning and analysis of the study. In other words, a study’s underlying research
question defines the scope of the entire project. Without a specific research question, one cannot
differentiate whether the generated data were obtained by chance, by mistake, or whether they reflect a
true finding.3, 22
Asking it right
Questions arise as a result of perceived or actual knowledge gaps, contradictory existing findings, or the
desire to deepen the understanding in a certain phenomenon. The challenge in developing an appropriate
research question is to determine which clinical uncertainties could or should be studied and to
rationalise the need for their investigation.32 Hulley and colleagues have suggested the use of the FINER
criteria in the creation of a research question (Table 1.1-5). These criteria highlight important aspects
that may increase the chances of developing a successful study.33
Table 1.1-5. FINER criteria for a good research question. Adapted from

32

F

Feasible

-

Adequate number of subjects
Adequate technical expertise
Affordable in time and money
Manageable in scope

I

Interesting

-

Getting the answer intrigues investigators, peers, and community

N

Novel

-

Confirms, refutes, or extends previous findings

E

Ethical

-

Amenable to a study that institutional review board will approve

R

Relevant

-

To scientific knowledge
To clinical and health policy
To future research
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While FINER criteria are useful to outline useful points of the research question in general, a practical
framework to use in the development of a specific research question is the PICO(T) format
(Table 1.1-6).32, 34 It consists of five major aspects which call for consideration of the population (P) of
interest, the intervention (I) being studied, the control (C) or comparison group, the outcome of
interest (O), and the timing (T), which is often added to the PICO scheme.
Although PICOT is a useful framework for experimental studies (e.g., clinical trials), it does not cover
all types of studies, particularly some observational studies. In observational research, the intervention (I) is therefore replaced by the exposure (E).3
Table 1.1-6. PICOT criteria. Adapted from
P

32

Population (patients)

-

What specific patient population are you interested in?

Intervention / Exposure

-

What is your intervention (assigned by investigator in clinical
trials) / What is your exposure (outside of experimenter’s
control in observational research)?

C

Control

-

What is the main alternative to compare with the
intervention / exposure?

O

Outcome of interest

-

What do you intend to accomplish, measure, improve, or
affect?

T

Time

-

What is the appropriate follow-up time to assess the
outcome?

I/E

The PICOT criteria help constructing the framework of the study and developing the study protocol.
The more defined the research question is, the greater the effect on the interpretation and subsequent
applicability and generalisability of the research findings. Identifying the appropriate population (P)
plays an essential role within this structure. The target population refers to the population of interest
from which conclusions and inferences want to be drawn; the study population represents a subset of
the target population. Defining the study population helps identifying inclusion and exclusion criteria.
A more restricted study population (i.e., many exclusion criteria) may limit bias and increase internal
validity of the study. However, this approach will also limit external validity and, thus, the
generalisability of the findings to a broader population and the practical clinical setting.32
Hypothesis and research objective
Following the research question, the main hypothesis states the anticipated results by describing how
the intervention or exposure will affect the outcome. Hypotheses must be based on what is known on
the topic, and they must have a reasonable chance of being proven true. The research objective should
be closely linked with the research question and hypothesis. It is an active statement about how the study
is going to answer the specific research question.3
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1.1.4

Study designs
« It is the theory that decides what can be observed. »
Albert Einstein †1955, German-born theoretical physicist

In this chapter, some of the most relevant descriptive and analytical study designs of observational
research are discussed.
Descriptive studies
Descriptive studies are “concerned with and designed only to describe the existing distribution of
variables, without regard to causal or other hypotheses.”35 They are often the first, tentative approach to
a new condition or event by emphasising features of a new disease or assessing the health status of
communities. The results of these studies show how many people develop a disease or condition over
time, describe the characteristics of the exposure or outcome, and generate hypotheses about the cause
of the outcome of interest. As they document the health of populations, descriptive studies often prompt
more rigorous (analytical or experimental) studies. There are two major groups of descriptive studies:
those that relate to individuals and those that deal with populations. The former group consists of case
reports, case-series reports, and cross-sectional studies, whereas the latter includes ecological
correlational studies.16
Case reports and case series
While case reports describe the experience of one patient, case series aggregate the experience of several
patients when exposed to a particular drug (e.g., clinical features reported after drug overdose). A report
of a single unrelated case might not trigger further investigation, whereas a case series of several unusual
cases (in excess of what is expected) adds to the concern. Case reports and case series do not provide
sufficient evidence for making causal inferences. However, they often give rise to new hypotheses.16
Cross-sectional (prevalence) studies
Sometimes called frequency or prevalence studies, cross-sectional studies assess the presence or absence
of an outcome (e.g., disease) and of an exposure at a particular time; i.e., they are like a snapshot in
time. In regard of the taxonomy of observational research, cross-sectional studies are descriptive when
they survey a community to determine the health status of its members, and analytical when the
association of an acute health event with a recent exposure is analysed (see Figure 1.1-1).31 The focus
of cross-sectional study designs lies on prevalence rather than incidence. Both the outcome and the
exposure are captured at the same time. Thus, the temporal relation between the two might be unclear
and the ‘chicken or egg’ question inevitably arises; assuming a cross-sectional study was to report that
obesity was more common among women with than without arthritis, we do not know whether the extra
weight load on joints led to arthritis or whether women with arthritis became involuntarily more inactive
9
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and obese as a result. This sort of question is unanswerable using cross-sectional study designs.15
However, this design is ideal to examine drug utilisation patterns, a central branch of observational
research. Drug utilisation studies examine the costs, distribution, prescription, and use of drugs in a
society, with a focus on the resulting medical, social, and economical consequences.36
Ecological studies
In contrast to other descriptive study designs, correlational (ecological) studies do not assess data from
individuals, but from populations. The measure of association is the correlation coefficient which shows
the linearity of the relation between exposure and outcome. Ecological studies have several limitations
such as the inability to draw conclusions at the individual level and to control for confounding factors.16
An example of the latter is the observation that an increase in the stork population around the city of
Berlin correlated with an increase in out-of-hospital deliveries.37 To argue that the stork is therefore
delivering babies would be a typical example of ‘ecological fallacy’. While in this case, common sense
may prevent such fallacies, it is often more complex to detect wrongly stated conclusions in literature.
Similarly to case reports and case series, ecological studies may serve as a gateway towards more
detailed investigations and can furthermore provide hypotheses, but not definite answers.16
Use of descriptive studies
Descriptive studies have a number of useful roles in clinical research. Epidemiologists and clinicians
generally use them to look for clues of the cause that underlies a disease, i.e., to generate hypotheses.
Examples of early leads from descriptive studies include reports about Kaposi’s sarcoma in young men
which was later associated with HIV infection; or the observation of cataracts, heart defects, and
deafness in new-borns that could subsequently be associated with maternal infection with rubella during
pregnancy.16 Health administrators use descriptive studies to monitor trends and plan for resources
(e.g., health care planning). The analysis of drug utilisation plays a particularly important role within
this structure. Drug utilisation derives its significance from the fact that it provides the methodological
rigor for defining the denominator data (i.e., the population at risk) to be used in subsequent pharmacoepidemiological research. In health policy, collecting this missing exposure information is inevitable for
informed decision-making.38
As any type of research, descriptive studies have strengths and weaknesses. The data availability due to
existing data sources makes them inexpensive and efficient to use. Moreover, few ethical difficulties
arise. On the other hand, common pitfalls comprise the absence of a clear, measurable, and reproducible
case definition, unclear temporal associations between putative causes and effects, and interpretations
that overstep the data, i.e., investigators might draw a causal inference when none is possible.16
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Analytical studies
Compared with epidemiological measures such as incidence rates (IR), cumulative incidence, or
prevalence, analytical studies are methodologically more elaborate. In terms of taxonomy, they can be
distinguished from descriptive studies in that they feature a comparison group (see Figure 1.1-1).
Analytical studies measure the real world effectiveness and safety of an exposure.31 The fundamental
principle of analytical study designs is that the comparison groups are at equal risk of developing the
outcome of interest irrespective of drug exposure. When this comparability is achieved, the risk of
developing the outcome is the same for people exposed to a drug and those unexposed ˗ unless the study
drug is associated with the outcome of interest.26
Case-control studies
In a case-control study, patients are selected based on whether they do (i.e., cases) or do not (i.e., controls) have the outcome of interest (e.g., a specific disease). Looking backwards in time, the proportion
of cases and controls that have experienced a defined exposure is then compared (Figure 1.1-2). If the
prevalence of the exposure is higher among cases than among controls, the exposure is associated with
an increased risk of the outcome. This approach allows the calculation of an odds ratio (OR), which is
defined as a relative measure of effect size that describes the strength of an association between two
binary variables. An OR greater than 1, for instance, indicates an increased risk of the outcome for the
exposed group compared with the unexposed group.15, 17

Figure 1.1-2. Case-control study design.

Case-control studies are especially useful for assessing outcomes that are rare or take a long time to
develop (since a sufficiently large number of cases with the outcome can be included in the study), as
well as for examining multiple exposures. In addition, they are computationally easier to analyse than
cohort studies. However, because thinking backwards in time is not intuitive for clinicians, this type of
study may easily be misunderstood. Unlike cohort studies, case-control studies cannot yield relative
risks. ORs are only a valid estimate of the relative risk if (a) the cases are representative of the population
at risk, (b) the controls are randomly selected from the population which has led to the cases, and (c) the
outcome is rare in the population at risk. Case-control studies are particularly prone to bias and
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confounding because both the exposure and outcome has already occurred at the time the patients are
included in the study. Thus, to prove temporality is sometimes difficult (see also Table 1.1-4).15, 17, 31, 39
Cohort studies
Cohort studies follow people forward in time (Figure 1.1-3). Unlike case-control studies, cohort studies
flow in a logical direction and are therefore easier understood by clinicians. Two groups are identified
at the cohort entry: one group that is exposed to a drug (e.g., antihypertensives) and a comparison group
without the respective exposure. Both groups are then followed forward in time from cohort entry until
the occurrence of the outcome of interest (e.g., skin cancer) or another censoring reason (e.g., end of the
study period). A higher incidence of the outcome in the exposed group compared with the unexposed
group indicates an increased risk for the outcome in association with the exposure. Cohort studies enable
the calculation of true IR as well as relative and absolute risk estimates such as IR ratios and attributable
risks, respectively. Another aspect is that they can be prospective or retrospective. In case of the former,
the study is started before the outcome of interest occurred, and study participants are traced into the
future to assess the incidence of the outcome. In retrospective cohort studies, all relevant events
(i.e., exposure and outcomes of interest) have already occurred at the time of study initiation.15, 17

Figure 1.1-3. Cohort study design.

Cohort studies are particularly useful to assess rare exposures, and allow to study multiple outcomes
after a single exposure. However, this study design has several shortcomings. First, it is computationally
more complex than a case-control design. Second, exposed and unexposed individuals must be as similar
as possible at baseline in all aspects except the exposure under investigation, else selection bias (see
next section) imposes a major challenge. Third, especially for cohort studies that take several years or
even decades, differential losses of follow-up between exposed and unexposed individuals, or timevarying factors such as change in exposure status, may cause bias and decrease validity of study
results.15, 17, 35
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1.1.5

Bias and confounding
« A man gets drunk on Monday on whisky and sodawater; he gets drunk on
Tuesday on brandy and sodawater, and on Wednesday on gin and sodawater. What causes his drunkenness? Obviously, the common factor, the
sodawater. »
Anthony Standen †1993 - Science Is a Sacred Cow

Bias can be defined as any trend in the collection, analysis, interpretation, publication, or in the review
of data leading to conclusions that are systematically different from the truth; bias is therefore called a
systematic error (Figure 1.1-4). Nearly all types of bias can be categorised as either selection bias,
information (or misclassification) bias, or confounding.27, 35 Bias and confounding in observational
research are mainly due to the fact that (a) the data used for the studies are usually pre-existing and
collected for other purposes than research, and (b) the reason why patients use a drug may be related to
the outcome as well. When interpreting the findings of pharmacoepidemiological studies, the different
types of bias that may be present as well as the likely direction and size of the resulting effect should be
considered carefully.31, 40 Some examples of recurrent types of bias are discussed below.

Figure 1.1-4. Types of errors. Adapted from

40

Selection bias
Selection bias entails the selective recruitment of participants into the study who are not representative
of the exposure or outcome pattern in the source population, and applies to both experimental and
observational studies.27 For the latter, it means that there is a systematic difference between participants
in the case and control or in the exposed and unexposed population.
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Common examples of selection bias are the healthy worker bias, where a subgroup of study participants
is recruited in a specific occupational setting, or the health care access bias which occurs when a
subgroup of patients with access to health care is compared with patients without access to health care.17
Additional forms of selection bias are described in the following.
Healthy user and healthy adherer bias
The healthy user effect occurs when patients who choose to receive one preventive service also choose
to receive other preventive services (e.g., patients who take statins more frequently receive vaccinations). The healthy adherer bias similarly suggests that patients who adhere to a specific therapy may
also be more likely to engage in healthy behaviours (e.g., healthier lifestyle) and/or to adhere to other
medications than patients who do not adhere to drug therapy.41, 42
Prevalence bias
The practice of including prevalent users in observational studies, i.e., patients already taking the
exposure drug for some time before study entry, can introduce two types of bias. First, prevalent users
‘survived’ the early period of drug therapy, which can cause substantial selection bias, particularly if
the risk varies with time. Second, the intake of a drug often influences the covariates for drug use at
study entry.27
Channelling bias
Channelling arises when drug therapies with similar indications are preferentially prescribed to groups
of patients with varying baseline prognoses. This type of bias is often seen in studies comparing older
with newer drugs from similar therapeutic classes. Drugs that enter the market at a later stage, for
instance, may have a higher likelihood of being prescribed to patients who have not responded well to
existing drug therapies or to patients that are more likely to benefit from the newer therapy for some
other reason. Therefore, channelling ultimately leads to selective drug prescription to groups of patients
differing in special pre-existing morbidities or in their susceptibility to drug-related problems.43
Information bias
Information bias (also called misclassification bias) occurs when information about either the exposure,
the outcome, or the covariates for the study participants are incorrect, and usually arises during data
collection.27 Misclassification, where study subjects are assigned to the wrong category, can be classified
as differential (i.e., misclassification differs in the groups being compared) and non-differential (i.e.,
misclassification is similar across the groups being compared). While differential misclassification can
drive the risk estimate in either direction, non-differential misclassification always biases an effect
towards the null. Examples of differential misclassification bias include recall bias (i.e., differences in
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the accuracy or completeness of retrieved recollection of past events), reporting bias (i.e., outcomes of
a certain kind are more likely to be reported), or surveillance bias.17
Surveillance bias
Surveillance bias, also known as detection bias, is a non-random type of misclassification bias, and
refers to the idea that ‘the more you look, the more you find’. For instance, it can be assumed that
patients undergoing a certain drug therapy are more likely to visit their general practitioner (GP) than
patients without such therapy, which also increases the probability that the outcome of interest is
discovered and diagnosed more frequently in the exposed group.27, 44
Confounding
Confounding is a central issue for epidemiological studies, and can basically be thought of as a blurring
of effects.45 A confounding variable is associated with the risk factor (i.e., the exposure) and affects the
outcome variable, but it is not an intermediate step in the causal pathway between the exposure and the
outcome (Figure 1.1-5). Hence, the confounding source can create an (inexistent) association or mask a
real one.12

Figure 1.1-5. Schematic depiction of confounding.

Confounding can substantially distort risk estimates. However, it can be controlled or prevented at two
stages of the study: at the stage of study design (i.e., by matching or restriction of the study population),
or at the stage of data analysis (i.e., by conditioning on potential confounders, provided that sufficiently
and accurately measured information on potential confounding factors has been assembled). The
purpose of these approaches is to achieve homogeneity between comparison groups regarding the
confounding factor.45, 46
Confounding by indication
A particular type of confounding is confounding by indication. This type of confounding bias occurs
when the indication for the exposure drug is associated with the outcome of interest. Confounding by
indication could for example underlie an observed association between use of antihypertensives and
increased risk of stroke, because hypertension itself (and therefore the indication for antihypertensive
drugs) is associated with an increased risk of stroke, and is therefore a confounder.47, 48 As the precise
15
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drug indication is rarely explicitly labelled in large database studies, confounding by indication is
difficult to control for in the data analysis step. Thus, confounding by indication is best prevented by
implementing appropriate eligibility restrictions at the design stage of the study.31, 49
Unmeasured confounding
Confounding factors that are either unsuspected or for which no information is available cannot be
controlled for. To assess whether such ‘unmeasured confounding’ or ‘residual confounding’ are likely
problems in a study, the performance of sensitivity analyses is recommended. However, the RCT is the
only known study design that is able to control for unmeasured confounding.27, 45
Methods to handle bias and confounding
In contrast to confounding, bias can only be prevented at the stage of study design (and not additionally
at the stage of data analysis).31 Selected methods to handle bias and confounding are presented below.
Active comparator design
In the context of pharmacoepidemiology, comparing patients who are exposed to a drug with patients
who are non-exposed may introduce substantial bias to study findings, which calls for cautious selection
of the study population, in particular the comparison group.17 The active comparator design compares
the drug of interest to another commonly used agent for the same indication, rather than to a ‘non-user’
group, and therefore allows to establish treatment equipoise between groups (i.e., to select treatment
groups similar in both measured and unmeasured characteristics). Thus, both groups have an equal
likelihood of being screened or tested for the outcome of interest. This approach improves the validity
of study findings by minimising a wide range of bias, in particular selection bias (e.g., healthy adherer
and healthy user effect), differential information bias (e.g., surveillance bias), and confounding by
indication.44, 50, 51
New user design
The advantage of a new user design is that it includes a cohort of patients from the time of treatment
initiation (i.e., only incident and not prevalent users), so that patients’ pre-treatment characteristics can
be assessed at study entry and all events during follow-up can be captured. The application of the new
user design makes observational studies more closely approximate RCTs and is mainly used to minimise
prevalence bias.50, 51
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Propensity scores
Systematic differences in covariate distributions between treated and untreated subjects constitute a
major challenge due to the lack of randomisation in observational research. The use of a propensity
score (PS), which is the probability (propensity) of being treated with a drug given the measured baseline
covariate information, has to some extent mimicked the process of randomisation in analytical studies.52
Based on a multivariate logistic regression model, each patient is assigned an estimated probability of
exposure ranging from 0 to 1 that reflects the propensity (rather than the known fact) of being prescribed
a given drug depending on several patient characteristics.53 Patients are then matched, stratified, or
weighted on their PSs, or the PS is integrated into a multivariate regression model. PSs are particularly
useful to account for a large number of potential confounders in pharmacoepidemiological studies with
a limited study size, as they do not allow conventional matching or adjusting due to overfitting.54
However, PSs cannot rule out unmeasured confounding, and potential pitfalls arise during the selection
of PS variables.55
1.1.6

Data sources

Before the mid-1980s, data used for pharmacoepidemiological studies were mainly hospital-based. In
this type of data collection, information on exposures and covariates are explicitly retrieved via patient
interviews to answer the study question. Therefore, specific information is only available if it is included
in the questionnaire. Although the validity of diagnoses is easily assessed, this approach is prone to
recall bias and only allows recruitment of a limited number of patients for a study. Other sources of data
include multipurpose cohorts, in which a defined population that is not assembled by a specific exposure
is followed over time. The probably most famous example is the US Nurses’ Health Study, in which
female nurses were followed prospectively from 1976 by periodically sending questionnaires inquiring
about different exposures, lifestyle factors, and medical conditions.26, 31
With the unprecedented emergence of large health care databases over the past decades, the possibilities
of conducting pharmacoepidemiological studies using these so called real world data (RWD) have
substantially increased. RWD refer to observational data as opposed to data gathered in an experimental
setting such as an RCT. Available databases can be divided into the two main categories administrative
databases (data are collected primarily for administrative purposes, such as reimbursement of health
care costs) and medical record databases (data are collected by physicians, usually primary care providers, who enter information on patients while providing medical care). In order to achieve high-quality
studies, the strengths and limitations of such databases need to be taken into account (Table 1.1-7).27, 56
Data quality is something that cannot be tackled through design and methods; thus, before data can be
used for observational studies, they need to be carefully cleaned and validated considering that their
quality is the foundation for any study that arises from the respective data source.31 In the following,
two automated databases that are crucial for this thesis are presented in more detail.
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Table 1.1-7. Strengths and limitations of health care databases for pharmacoepidemiological studies.
Adapted from 27, 56
Strengths

Limitations

-

Usually large sample sizes

-

-

Often representative of the source
population

Uncertainty in terms of validity of the
recorded information

-

Some health-related information may be
missing (e.g., inpatient information in
primary-care databases or diagnoses in
some claims databases)

-

Included information mainly consists of
illnesses severe enough to come to medical
attention

-

Unstable population (disenrollment of
patients from the database)

-

Database population may not be
representative of a general population in
some terms (e.g., socio-economic factors)

-

Relatively inexpensive use due to being
a by-product of existing administrative
systems

-

Broad range of medical information
captured

-

Linkages to other data sources are a
potential option for collecting missing
information

-

No interviewer or recall bias

-

Data are collected longitudinally

Administrative databases
Administrative claims data originate from a patient’s use of the health care system. They are collected
for billing purposes (e.g., for drugs, medical procedures, or hospitalisations) and have been developed
for the administration of reimbursement to health care providers. As claims of medical expenses are
subject to various controls, claims data are generally of high quality. However, these databases were not
originally implemented for research purposes. In particular, diagnoses are recorded with less reliability,
because (a) International Classification of Diseases (ICD) codes used for diagnoses are not always of
high accuracy, and (b) reimbursement does usually not depend on the actual diagnosis.26, 56, 57
Helsana claims database
Helsana is one of the leading health insurers in Switzerland with some 1.14 million enrolees in the
compulsory health insurance in 2018 (covering 13.3% of Swiss inhabitants).58 Every person living in
Switzerland must be insured by a compulsory health insurance (i.e., basic insurance), whose structure
is based on the ‘solidarity principle’. This means that the risks associated with the costs of illness,
accidents, and maternity are redistributed on the shoulders of all insured persons together. The basic
insurance is financed by cantonal-specific per capita premiums. Children up to the age of 18 and young
adults up to the age of 25 benefit from lower rates. Besides, premium discounts can only be achieved
through higher cost sharing (i.e., a higher deductible) or the choice of alternative insurance models (e.g.,
managed-care models that limit immediate access to specialists in exchange for lower premiums).59
The Helsana claims database contains electronically recorded invoices from service providers for the
compulsory health insurance and is considered highly reliable. In addition to the actual purchase of a
prescribed drug, the database captures (a) detailed information on each drug item such as a specific
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pharmaceutical code, package size, galenic formulation, and costs, (b) patient-related information such
as age, sex, canton of residence, yearly deductible, and insurance model, and (c) details of the
prescribing service provider (usually physicians or hospitals) and the supply channel of the drug (mainly
pharmacies, physicians' practices, or hospitals). Patients’ personal characteristics such as smoking habits
or weight, as well as laboratory values, outpatient diagnoses, or inpatient medical resource use (i.e., drug
use during hospitalisation) are not recorded.58 In 2012, Switzerland introduced a prospective payment
system based on diagnosis-related groups (DRGs) for acute-somatic inpatient care (SwissDRG).60, 61 In
addition to SwissDRGs, inpatient diagnoses in the form of ICD-10 codes are available in the Helsana
claims database as of 2012. The database is broadly representative of the general population in terms of
age, sex, and canton of residence, which allows extrapolation of the data to the entire Swiss population.
For the purpose of research, data are de-identified prior to analysis to protect the privacy of patients,
physicians, and hospitals.58
Helsana claims data have been used for numerous publications in peer-reviewed journals.62 In addition,
Helsana, in collaboration with the University Hospital Basel and the European Center of Pharmaceutical Medicine (ECPM), started publishing an annual drug report in 2014, with the aim to generate
and provide reliable data on the development of quantities and costs in the Swiss pharmaceutical market
in recent years. Summaries of the three latest reports, within which two of the main studies of this thesis
originated (see chapter 3 and 4), are presented in the Appendix.58, 63, 64
Medical record databases
Over the past few decades, medical record databases started to emerge as a result of paper patient records
being replaced by electronic patient records in the health care system. Of these, the United Kingdom (UK) Clinical Practice Research Datalink (CPRD) is probably the best-known example, which is
also the database used for one project presented in this thesis (see chapter 5). The strength of medical
record databases lies, especially compared with administrative databases, in the validity of recorded
diagnoses. On the other hand, medical record databases often lack information about a patient’s medical
history depending on the specific data source (e.g., inpatient or outpatient databases).56
Clinical Practice Research Datalink (CPRD)
The UK CPRD is a primary care database that was established in 1987 under the name Value Added
Medical Products (VAMP) research dataset and became the General Practice Research Database
(GPRD) in 1993, before expanding to become the CPRD in 2012, which is jointly funded by the
National Institute for Health Research (NIHR) and the Medicines and Healthcare products Regulatory
Agency (MHRA). Participating general practitioners (GPs), who act as gatekeepers of the UK health
care system, have recorded health-related information about their patients in anonymised electronic
patient files using standardised coding systems and protocols. Recorded information includes patient
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demographics and characteristics, symptoms, medical diagnoses, drug prescriptions, some lifestyle
variables, laboratory test results, and referrals to secondary care (e.g., hospitals or specialists).65, 66
A subset of secondary practices has further consented to participate in the CPRD linkage scheme,
e.g., linkage to Hospital Episode Statistics (HES data). HES data capture information on all admissions,
attendances, and outpatient appointments at National Health Service (NHS) hospitals in England on a
per-episode basis.67 Encompassing anonymised healthcare information on 13.5 million patients, the
CPRD is one of the largest databases of longitudinal medical records from primary care worldwide, and
patients are broadly representative of the UK general population in terms of age, sex, and ethnicity.66
Moreover, data recording has been repeatedly shown to be of high validity and quality.65, 68, 69 The CPRD
maintains a bibliography which counted more than 2 400 publications in peer-reviewed journals as of
March 2020.70 Studies using the CPRD require approval by the Independent Scientific Advisory
Committee (ISAC) for MHRA database research.66
1.1.7

When the database precedes the research question

One peculiarity of pharmacoepidemiological research is that the number of accessible databases is
usually restricted due to high costs for user licenses or due to the specific knowledge and experience
needed to work with a particular database. As a result, the database is generally predetermined and
precedes the research question. The available databases vary in the type of questions they can optimally
answer. The research question inevitably needs to take into account the strengths, but especially the
inherent limitations of the database at hand (see Table 1.1-7).12, 71 This circumstance may prevent the
investigation of some otherwise interesting and novel research questions and, conversely, may make
room for new ones.
First, the quality and overall susceptibility to bias of the data source needs to be considered. Black and
colleagues set up a framework to assess the quality of databases used in observational research
(Table 1.1-8).72 These aspects, divided into ‘coverage’ and ‘accuracy’, may help to establish the research
question, as they reveal the extent to which the database captures the necessary variables (e.g., variables
needed to define the study population, the exposure, the outcome, and those needed for adjustment such
as demographics). For instance, as diagnoses or drug indications are missing in most administrative databases, only diseases specifically identifiable by drug therapies or recorded procedures can be studied.
RWD with less detail such as administrative claims are thus especially useful to address purely
descriptive questions (e.g., drug utilisation).73 On the other hand, RWD that contain detailed information
about demographics, diagnoses, drugs, and laboratory test results such as medical record databases are
usually required for research questions seeking causal associations (e.g., effect of treatment on mortality) to best address potential confounders in sophisticated study designs.
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Table 1.1-8. Aspects of databases that reflect the quality of the collected data. Adapted from
Quality domain

72

Questions to be asked

Coverage
Representativeness

-

How well does the data source represent the population that it
intends to?

Completeness of
recruitment

-

To what extent have all eligible individuals been included in the
data collection scheme?

Variables included

-

What is the extent of the data collected on each individual?
Are variables such as demographics, exposure, outcome, and
potential confounders present?

Completeness of variables

-

What is the extent of missing data?

Collection of raw data

-

Is the collected data raw or aggregated?

Explicit definitions

-

Are the variables explicitly defined?

Explicit rules

-

Are there explicit rules that decide how variables are recorded?

Reliability of coding

-

Was the reliability of coded conditions and interventions tested?

Independence of
Observations

-

Was the person recording the data blinded to patient outcomes
at the time of data collection?

Data validation

-

Were data validated (using outside sources)? Were there
consistency checks?

Accuracy

In essence, knowing the database and how the data within are collected is crucial to formulate a coherent
research question. However, while selecting an optimally tailored research question is a fundamental
part of high-quality research, it is not sufficient to guarantee an unbiased study. The accompanying study
design and analysis approach are equally important pillars of robust science and need to be thoughtfully
chosen and well-constructed. Only responsible use of existing data will ensure that pharmacoepidemiological studies have a meaningful impact on clinical practice.71
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2 Aims of the thesis
« If you do not know what you are looking for, you do not see what you have
found. »
Claude Bernard †1878, French physiologist

In theory, we first come across a research question and subsequently select from all existing databases
the one that meets the requirements for providing a clinically meaningful answer. In reality, however,
the access to databases within an organisation, a research group, or a company is usually limited and the
research question has to be adapted to fit the database at hand. This reverse approach is challenging, and
changes the way we go about epidemiological questions.
This thesis aimed to contribute to the general understanding of how different databases can be used to
answer specifically matched pharmacoepidemiological research questions. To do so, three exemplary
studies encountering different research questions, study populations (which are reflected in the title of
each study), and study designs were conducted within the administrative Helsana claims database
(the elderly and the young) and the medical record database CPRD (the ill).
The elderly | Based on the Helsana claims database, the objectives of this descriptive study were to
describe drug utilisation (including drug claims and drug costs) in 2016 among Swiss nursing home
residents aged 65 years and older, and to assess prevalence of residents with polypharmacy and with use
of potentially inappropriate medication.
The young | This descriptive study fathomed vaccination patterns for nationally recommended basic
and supplementary vaccinations in cohorts of Swiss children born between 2010 and 2016 using the
Helsana claims database. In particular, the aim was to assess coverage rates for each birth cohort at the
age of 13, 25, and 37 months of age, to examine vaccination coverage trends over time, and to analyse
timeliness of vaccinations.
The ill | In this cohort study, data derived from the CPRD between 1998 and 2017 was used to
investigate whether the new use of different thiazides and thiazide-like diuretics (TZs) in patients aged
18 to 85 years within the UK increases the risk of melanoma and non-melanoma skin cancer (i.e., cutaneous malignant melanoma, basal cell carcinoma, and squamous cell carcinoma of the skin) compared
to the new use of calcium channel blockers or renin-angiotensin-aldosterone system inhibitors. To
provide more nuanced information, the aim was further to look at short-term use (< 20 prescriptions)
and long-term use (≥ 20 prescriptions) of TZs overall and separately of bendroflumethiazide, indapamide, and hydrochlorothiazide, three of the most commonly prescribed TZs in the UK.
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3 The elderly
3.1 Drug prescription patterns, polypharmacy, and potentially inappropriate
medication in Swiss nursing homes
A descriptive analysis based on claims data
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Abstract

Background: To date, comprehensive data on drug utilisation in Swiss nursing homes are lacking.
Objective: To describe drug prescription patterns, polypharmacy, and potentially inappropriate
medication (PIM) in Swiss nursing home residents (NHR).
Methods: Using administrative claims data provided by the Swiss health insurance company Helsana,
we assessed drug claims and drug costs in 2016 in individuals aged ≥ 65 years and insured with Helsana,
who were either NHR or living in the community (reference group, RG). In particular, we analysed the
prevalence of polypharmacy (≥ 5 claims of different drugs during a 3-month period) and PIM use
according to the 2015 Beers criteria and the PRISCUS list. We standardised the results to the Swiss
population.
Results: In 2016, NHR had on average nearly twice as many drug claims per capita as individuals in
the RG (NHR: 58.8; RG: 30.8). The NHR’s average per capita drug costs per day were low, but higher
than in the RG (NHR: CHF 8.55; RG: CHF 5.45). The same pattern applied to the prevalence of polypharmacy (NHR: 85.5%; RG: 50.4%). Standardisation by age and sex did not materially alter these
observations. Overall, 79.1% of NHR received ≥ 1 PIM, and 56.2% were long-term users (≥ 3 claims)
of at least one PIM (based on the combined PRISCUS list and Beers criteria). Among all PIM in nursing
homes, quetiapine (antipsychotic agent), lorazepam (anxiolytic agent), and zolpidem (hypnotic agent)
were the most prevalent ones (22.4%, 20.2%, and 13.0%, respectively).
Conclusions: The high prevalence of polypharmacy and PIM in Swiss nursing homes may indicate a
need for interventions aiming at de-prescribing drugs with an unfavourable benefit-risk profile.
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Introduction

In most high-income countries, the number of nursing home residents (NHR) is increasing. On average,
13% of Europeans aged over 65 years receive long-term care. Between-country variation is high, with
the proportion of elderly long-term care receivers (not necessarily institutionalised) ranging from 2% in
Portugal to more than 20% in Switzerland,74 where people aged 65 years or older accounted for 18.1%
of the total population in 2016. It has been estimated that this proportion will further increase to 26%
by 2045.75 Up to 91% of NHR regularly consume five or more medications.76 Multimorbid individuals
are the rule rather than the exception, which often leads to complex medication regimens and excessive
polypharmacy.77 The term polypharmacy refers to the concurrent use of multiple medications, especially
if the medications are unnecessarily numerous or complex.78 In a review by Morin et al., the total number
of prescribed medications was reported to be the main driving factor for potentially inappropriate
medication (PIM) use.79 Medications are considered potentially inappropriate for use in the elderly if
the risk of adverse events exceeds either the expected benefit, or when a better-tolerated or safer alternative is available.80 PIM have been found to be associated with an increased risk of poor health outcomes,
including falls, confusion, and mortality.81 Furthermore, prescribing additional drugs to treat druginduced symptoms can lead to prescribing cascades; this can occur when an adverse drug reaction is
misinterpreted as a new medical problem.82 Since the first related initiative of Beers et al. in 1991 in
the US,83 several tools to identify PIM have been developed. A recent review reported a prevalence of
PIM in NHR between 18.5% and 82.6% in 17 studies relying on Beers criteria.84 Several countries
established lists adapted to their local contexts, such as Canada,85 France,86 Germany (the PRISCUS
list),87 and seven EU countries in a combined approach (EU(7)-PIM list).88
Although polypharmacy and PIM are different concepts, they are strongly associated.89 A recently
published review found an increased risk of all-cause hospitalisation for NHR when exposed to
polypharmacy and PIM.90 Hospitalisations from nursing homes are associated with negative outcomes
for residents and with a substantial economic burden, with a relevant part thereof being preventable.90, 91 Moreover, age-related physiological changes increase the risk of drug-related adverse events
in the elderly.92
Since drug prescribing plays a major role in nursing home settings, its optimisation has become a publichealth issue worldwide.80 Despite serious concerns about inappropriate drug prescribing and polypharmacy, only few studies have analysed medication utilisation in the elderly Swiss population.93-95
To date, no comprehensive descriptive data on prescription patterns in Swiss nursing homes have been
available. In the present study, we therefore aimed to analyse drug prescription patterns and to assess
the prevalence of polypharmacy and use of PIM in Swiss NHR based on administrative claims data
provided by the Swiss health insurance company Helsana.
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Methods

Study design and data source
We conducted a retrospective descriptive analysis of health insurance claims data covering the year
2016. The analysis was based on the electronic administrative claims database of the Swiss health
insurance company Helsana.
All persons residing in Switzerland are required to purchase mandatory health insurance (with a very
broad benefit package). Health insurers must in return offer mandatory insurance to everyone,
irrespective of age or health status. Whilst insurance companies are private and there is no uniform
national health insurance system, conditions and benefit packages are uniform across different
providers. Federal authorities closely regulate the market. The Helsana group is one of the largest health
insurers in Switzerland, providing mandatory health insurance to some 1.17 million individuals from all
26 cantons (year 2016). Helsana’s administrative claims data cover almost all health care invoices and
are thus highly reliable. Recorded variables cover demographics, postal codes, and claims sent to
Helsana for reimbursement. The latter include drug prescriptions (including dose, galenic forms, and
pack size), medical treatments, and diagnostic tests. For the purpose of this analysis, one drug claim
refers to the purchase of one single drug package; i.e., if several drugs were bought on a single occasion,
these are treated as separate claims. Drugs are coded according to the Anatomical Therapeutic Chemical
(ATC) classification system, which allows to uniquely identify drug classes and individual active agents.
However, data do not encompass insured persons' personal characteristics such as smoking habits,
alcohol consumption, or weight/body mass index. Moreover, they do not cover symptoms, test results,
outpatient diagnoses, or medical resource use during acute hospitalisation. Thus, inpatient drug
prescriptions are not available in the data, while outpatient drug prescriptions and most nursing home
drug prescriptions (see below) are recorded.
We were granted access to anonymised datasets (from the database located at Helsana) covering the
patient information and parameters relevant for this analysis.
Study population
In the Helsana database, we identified all NHR aged 65 years or older in 2016 who received at least one
prescribed drug coded in the ATC classification system (99.8% of all NHR), and who had a minimum
stay of 28 days in a nursing home (in order to focus on long-term institutionalised patients only). We
then excluded all NHR whose invoices for nursing home care were based on lump sums, as in these
cases, drug utilisation was not detailed in the database (this affected, in particular, all NHR of the cantons
Fribourg and Ticino).
To enable a comparison between NHR and the general elderly Swiss population, we identified a
reference group (RG) consisting of all individuals aged 65 years or older insured with Helsana in 2016,
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who did not live in a nursing home and who had at least one claim of a prescribed drug coded in the
ATC classification system.
Definitions
Polypharmacy
Referring to existing literature,96 we defined polypharmacy as the concurrent use of ≥ 5 different
prescribed drugs (according to their ATC code). Where a claim was present, we assumed it to indicate
the use of the respective drug.
PIM
We used the 2015 Beers criteria and the PRISCUS list (2011) to identify PIM.81, 87 Since the Beers
criteria are of American origin and the PRISCUS list was adapted to the German market, our analyses
only considered drugs licensed in Switzerland for analysis. We a priori defined long-term use of PIM
as ≥ 3 claims of the same PIM in 2016 based on the assumption that one or a maximum of two claims
of the same drug can be seen as short-term use for a defined time and diagnosis, whereas 3 or more
separate claims of the same drug indicate regular use.
Statistical analysis
We assessed characteristics of the study population (such as sex and average age), the number of drug
claims (overall and average per capita) including ATC codes and drug costs (overall and average per
capita per day) in 2016 both in NHR and in the RG, and stratified our analyses by sex, age, and canton
of residence. We used means, standard deviations (SD) and 95% confidence intervals (CI) for descriptive statistics. Selected key parameters were standardised by 5-year age groups and sex to prevent
confounding due to different age or sex structures in NHR and the RG, using the Swiss population aged
65 and older as the standard population.97
To estimate the number of different drugs taken concurrently and thus the prevalence of polypharmacy,
we only considered drug claims in the 2nd quarter of 2016. A 3-month time period was chosen to make
a concurrent (rather than subsequent) use of the prescribed medications likely. A study based on Danish
prescription data estimated that 80% of individuals who had purchased 5 or more drugs (excluding
topical preparations and antineoplastic drugs) during 3 months were subject to an episode of polypharmacy (defined as the concurrent use of 5 or more drugs) at least once during the year 98. We specifically
chose the 2nd quarter of the year as it is less susceptible to seasonal diseases (such as influenza).
Exclusively in the polypharmacy analysis, we also included individuals who had no history of prescribed
drugs in the respective period to achieve an overall estimate of the mean number of different concurrent
drugs per person for the population of interest. In a subanalysis, we excluded ATC codes representing
topical drugs (e.g., galenic forms such as creams, ointments, gels, lotions, nasal sprays, aerosols, or eye
drops) to analyse systemic drugs only.
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To identify explicit PIM in the dataset (independent of diagnoses or conditions), we created three
separate lists of ATC codes (2015 Beers criteria; PRISCUS list; combination of both). We calculated
prevalence of PIM use in NHR according to the number of claims (≥ 1 claim or ≥ 3 claims of the same
PIM) and stratified the results by age, sex, canton of residence, and set of criteria used.
To enable statements on a Swiss population level, we extrapolated all results according to age, sex, and
canton of residence using yearly-published census data from the Swiss Federal Office for Statistics
balancing out slight deviations of the structure of the Helsana population from that of the general Swiss
population.99 We used SAS 9.4 software (SAS Institute, Cary, NC) for the analyses.
3.1.4

Results

Characteristics of the study population, number of drug claims, and drug costs
We analysed claims data from a total of 91 166 NHR and 1 364 755 individuals in the RG (extrapolated).
Table 3.1-1 summarises the characteristics of the study population, including drug claims and drug costs
in 2016.
Table 3.1-1. Characteristics of Swiss NHR and the RG (individuals aged ≥ 65 years insured with Helsana, excluding NHR) including drug claims and drug costs, year 2016.
NHR

RG

Sex (%)
Total
91 166 (100.0)
1 364 755 (100.0)
Women
65 514 (71.9)
750 540 (55.0)
Men
25 652 (28.1)
614 215 (45.0)
Average age (years) (SD)
Total
85.7 (17.4)
75.0 (17.7)
Women
86.6 (16.3)
75.5 (17.9)
Men
83.6 (19.2)
74.5 (17.5)
Number of overall drug claims in thousands (%)
Total
5 360.2 (100.0)
42 100.0 (100.0)
Women
3 915.4 (73.0)
24 142.9 (57.3)
Men
1 444.7 (27.0)
17 957.1 (42.7)
Overall drug costs in millions (CHF) (%)
Total
210.4 (100.0)
2 711.9 (100.0)
Women
149.0 (70.8)
1 406.9 (51.9)
Men
61.4 (29.2)
1 305.0 (48.1)
Average per capita drug claims (SD) [standardised by age and sex*]
Total
58.8 (48.2) [64.3 (48.6)]
30.8 (29.1) [31.1 (29.1)]
Women
59.8 (47.6) [66.2 (48.1)]
32.2 (29.6) [32.4 (29.6)]
Men
56.3 (49.8) [62.1 (50.3)]
29.2 (28.3) [29.4 (28.3)]
Average per capita drug costs per day (CHF) (SD) [standardised by age and sex*]
Total
8.55 (13.65) [11.45 (13.80)]
5.45 (13.85) [5.45 (13.85)]
Women
8.20 (13.00) [11.30 (13.25)]
5.15 (12.75) [5.15 (12.75)]
Men
9.45 (15.30) [11.60 (15.35)]
5.80 (15.25) [5.85 (15.25)]
*The overall results for NHR and the RG are standardised by age and sex, while the results for women and men
are standardised by age
Abbreviations: CHF, Swiss Francs; NHR, nursing home residents; RG, reference group; SD, standard deviation
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The average age was markedly higher in NHR than in the RG (NHR: 85.7 years; RG: 75.0 years). The
same was true for the proportion of women (NHR: 71.9%; RG: 55.0%).
Over the one-year observation period, irrespective of sex and across all age groups, NHR received on
average nearly twice as many drug claims per capita as individuals in the RG (NHR: 58.8; RG: 30.8;
NHR standardised by age and sex [sNHR]: 64.6; RG standardised by age and sex [sRG]: 31.1). Moreover, the NHR’s average per capita drug costs per day were substantially higher compared to the RG
(NHR: CHF 8.55; RG: CHF 5.45; sNHR: CHF 11.45; sRG: CHF 5.45).
In NHR, the average number of per capita drug claims was lower in men compared to women, but men’s
average per capita drug costs per day were higher (men: CHF 9.45; women: CHF 8.20). Standardised
by age, this difference became relatively small (men: CHF 11.60; women: CHF 11.30). In the RG, we
found the same pattern (Table 3.1-1).
We observed a noticeable decrease of average per capita drug costs per day in NHR with advancing age
(Figure 3.1-1). Costs decreased from over CHF 13.00 in 70- to 74-year-olds to below CHF 6.00 in residents aged 95 years and older. The RG, in contrast, showed maximum per capita costs per day of
CHF 6.00 in individuals aged 80 to 84 years and minimum costs of CHF 4.15 in individuals aged 95
years and older.

Abbreviations: NHR, nursing home residents; RG, reference group

Figure 3.1-1. Average per capita drug costs per day in different age groups for NHR and the RG (individuals aged ≥ 65 years insured with Helsana, excluding NHR) with 95% confidence intervals, year 2016.
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Figure 3.1-2 illustrates the relative deviation of the average per capita drug costs per day in nursing
homes for each canton of Switzerland compared to the Swiss average value (CHF 8.55). The costs were
highest in the canton Basel-Stadt with CHF 10.20 (+19.3%), and lowest in the canton Appenzell Ausserrhoden with CHF 5.85 (-31.6%). The observed cantonal pattern was similar in the RG (data not shown).

FR, TI: not applicable (invoices for nursing care based on lump sums)
Abbreviations: AG, Aargau; AI, Appenzell Innerrhoden; AR, Appenzell Ausserrhoden; BE, Bern; BL, BaselLandschaft; BS, Basel-Stadt; FR, Freiburg; GE, Genf; GL, Glarus; GR, Graubünden; JU, Jura; LU, Luzern; NE,
Neuenburg; NW, Nidwalden; OW, Obwalden; SG, St. Gallen; SH, Schaffhausen; SO, Solothurn; SZ, Schwyz; TG,
Thurgau; TI, Tessin; UR, Uri; VD, Waadt; VS, Wallis; ZG, Zug; ZH, Zürich

Figure 3.1-2. Relative deviation of per capita costs per day for drug claims in Swiss nursing homes,
compared to the Swiss average value of CHF 8.55, year 2016.

Polypharmacy
Table 3.1-2 characterises the prevalence of polypharmacy and the number of different concurrent drugs
per person in NHR and the RG. Overall, polypharmacy was present in 85.5% of all NHR (sNHR:
85.1%). In contrast, prevalence of polypharmacy was markedly lower in the RG (50.4%; sRG: 50.5%).
While the prevalence of polypharmacy among NHR showed little variation across different age
categories with minimum and maximum values of 81.4% (65- to 69-year-olds) and 87.0% (70- to 79year-olds), respectively, it varied in the RG from a minimum of 39.8% among individuals aged 65 to 69
years to a maximum of 63.5% among those aged 85 to 89 years.
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In NHR and the RG, the average number of different drugs per person taken concurrently amounted to
9.4 (sNHR: 9.9) and 5.5 (sRG: 5.6), respectively (2nd quarter of 2016). In both groups, women received
on average slightly more concurrent drugs than men (Table 3.1-2). In NHR, we observed 9.6 drugs in
65- to 69-year-olds, a maximum of 10.5 drugs in 70- to 74-year-olds, and 8.5 drugs in the over 95-yearolds. In the RG, a minimum number of 4.6 and a maximum number of 6.7 different concurrently used
drugs was found in 65- to 69-year-olds and 85- to 89-year-olds, respectively. In individuals aged 95
years and older, the average number of drugs amounted to 6.0 (Figure 3.1-3).
In the subanalysis including systemic drugs only, the overall prevalence of polypharmacy remained high
with 78.7% and 43.0% in NHR and the RG, respectively (sNHR: 80.0; sRG: 43.0). Accordingly, the
average number of different concurrent drugs per person did not decrease substantially (NHR: 8.0; RG:
4.6; sNHR: 8.5; sRG: 4.6), indicating a predominant use of systemic drugs both in NHR and in the RG.
Table 3.1-2. Prevalence of polypharmacy and number of different concurrent drugs per person in NHR
and the RG (individuals aged ≥ 65 years insured with Helsana, excluding NHR), 2nd quarter of 2016.
NHR
Total
(N = 74 290)

Women
(N = 54 278)

RG
Men
(N = 20 012)

Total
(N = 1 364 755)

Women
(N = 750 540)

Men
(N = 614 215)

Prevalence of polypharmacy, % (95% CI) [standardised by age and sex*]
85.5 (84.9-86.1) 85.8 (85.1-86.5) 84.7 (83.5-86.0)

50.4 (50.2-50.7) 52.4 (52.1-52.7) 48.1 (47.8-48.4)

[85.1 (84.4-85.8)] [85.9 (85.1-86.7)] [84.0 (82.7-85.3)]

[50.5 (50.2-50.8)] [52.3 (51.9-52.7)] [48.2 (47.8-48.6)]

Mean number of different concurrent drugs per individual, n (SD) [standardised by age and sex*]
9.4 (11.3)

9.5 (11.1)

9.3(11.8)

5.5 (11.6)

5.8 (11.6)

5.3 (11.6)

[9.9 (13.1)]

[10.1 (13.0)]

[9.7 (9.7)]

[5.6 (11.5)]

[5.8 (11.5)]

[5.3 (11.5)]

Number of individuals, categorised by the number of concurrent different drugs, n (%)
0

0 (0.0)

0 (0.0)

0 (0.0)

156 348 (11.5)

79 264 (10.6)

77 084 (12.6)

1-3

6 605 (8.9)

4 704 (8.7)

1 902 (9.5)

392 873 (28.8)

209 162 (27.9)

183 711 (29.9)

4-6

15 615 (21.0)

11 247 (20.7)

4 368 (21.8)

350 565 (25.7)

191 447 (25.5)

159 118 (25.9)

7-9

19 227 (25.9)

14 082 (25.9)

5 145 (25.7)

223 114 (16.3)

127 289 (17.0)

95 825 (15.6)

10 - 12

15 180 (20.4)

11 294 (20.8)

3 886 (19.4)

123 324 (9.0)

72 409 (9.6)

50 915 (8.3)

13 - 15

9 457 (12.7)

7 008 (12.9)

2 449 (12.2)

61 847 (4.5)

37 272 (5.0)

24 575 (4.0)

> 15

8 207 (11.0)

5 943 (10.9)

2 263 (11.3)

56 684 (4.2)

33 697 (4.5)

22 987 (3.7)

*The overall results for NHR and the RG are standardised by age and sex, while the results for women and men
are standardised by age
Abbreviations: CI, confidence interval; NHR, nursing home residents; RG, reference group; SD, standard deviation
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Abbreviations: NHR, nursing home residents; RG, reference group

Figure 3.1-3. Average number of different concurrent drugs per person with 95%
confidence intervals across different age groups in NHR and the RG (individuals
aged ≥ 65 years insured with Helsana, excluding NHR), 2nd quarter of 2016.

Prescribed agents and PIM
Table 3.1-3 shows the 15 most frequent active agents in nursing homes in 2016, by decreasing number
of claims. Of these 15 agents, the majority were analgesics (ATC code starting with N02) and psycholeptics (ATC code starting with N05). Each of the 15 drugs was prescribed to a higher proportion of
NHR than persons in the RG; 10 out of 15 drugs were prescribed to more than a quarter of all NHR. In
particular, every second NHR received at least one prescription of paracetamol. A total of 22.4% and
11.2% of NHR received at least one prescription of quetiapine and fentanyl, respectively, whereas the
same applied to only 1.7% and 1.1% of the RG. The corresponding analysis for the RG is shown in
Table 3.1-I in the supplementary materials.
Overall, 79.1% of NHR received at least one PIM when considering both the PRISCUS list and the 2015
updated Beers criteria (59.5% according to the PRISCUS list alone, and 74.0% according to Beers
criteria alone). Based on the PRISCUS list and Beers criteria combined, 56.2% of all NHR were longterm users (≥ 3 claims) of at least one PIM (40.9 % according to the PRISCUS list alone, and 51.3%
according to Beers criteria alone). Prevalence of long-term PIM prescription was highest in NHR aged
70 to 74 years and decreased thereafter, irrespective of the tool used to identify PIM (Figure 3.1-I in the
supplementary materials).
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Table 3.1-3. The 15 most frequent drugs in NHR compared to the RG and the prevalence of their use
(individuals aged ≥ 65 years insured with Helsana, excluding NHR), rank ordered by number of drug
claims, year 2016.
Active agent

ATC code

Number of
drug claims
in NHR

Rank

Number of
Rank Prevalence of Prevalence of
drug claims in
use in NHR
use in the RG
RG
(%)
(%)

Paracetamol

N02BE01

260 211

1

1 202 864

2

54.4

34.6

Metamizole

N02BB02

161 887

2

506 310

13

32.0

14.0

Torasemide

C03CA04

143 192

3

511 161

12

38.3

11.7

Quetiapine

N05AH04

136 026

4

106 810

85

22.4

1.7

Pantoprazole

A02BC02

130 073

5

963 136

4

35.6

26.3

Macrogol

A06AD65

129 455

6

318 776

22

32.2

12.6

Cholecalciferol

A11CC05

128 905

7

640 780

7

32.0

17.8

Fentanyl

N02AB03

110 441

8

105 330

88

11.2

1.1

Artificial tear fluid

S01XA20

106 754

9

932 207

5

22.7

22.1

Diclofenac (topical)

M02AA15

94 657

10

552 445

10

30.0

16.7

Acetylsalicylic acid

B01AC06

93 777

11

1 220 562

1

32.1

29.4

A12AX

84 489

12

614 066

8

25.7

17.6

Urea

D02AE01

74 255

13

232 686

34

25.3

7.5

Lorazepam

N05BA06

72 715

14

427 467

15

19.9

7.9

Calcium + vitamin D

72 538
588 007
Zolpidem
N05CF02
15
9
13.0
8.4
Abbreviations: ATC, Anatomical Therapeutic Chemical Classification System; NHR, nursing home residents; RG,
reference group

Table 3.1-4 displays the 15 most prevalent PIM among NHR. Psycholeptics were the most frequently
prescribed PIM group including quetiapine, lorazepam, zolpidem, risperidone, pipamperone, haloperidol, oxazepam, and hydroxyzine.
Overall prevalence of PIM use was higher among female NHR compared to male NHR (women: 80.2%;
men: 76.3%) (Table 3.1-II in the supplementary materials). While a higher proportion of female NHR
had one or more claims of benzodiazepines and related drugs (e.g., lorazepam, oxazepam, and zolpidem), considerably more male NHR were prescribed paraffin oil (a laxative) or belladonna alkaloids
and derivatives (antispasmodic agents).
Stratified by canton, we did not observe a clear pattern regarding prevalence of PIM (Table 3.1-III in
the supplementary materials). While the canton of Nidwalden showed a maximum value of 87.6%, only
67.2% of NHR in the neighbouring canton of Obwalden (both rather rural areas) had at least one claim
of a PIM (PRISCUS list and Beers criteria combined). In total, 15 and 21 out of 24 analysed cantons
deviated less than 5% and 10%, respectively, from the average PIM prevalence.
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Table 3.1-4. The 15 most frequent PIM and the prevalence of their use in NHR according to the 2015
Beers criteria and PRISCUS list,81, 87 rank-ordered by total number of recipients, year 2016.
Rank
Total

1

PIM active agent

Quetiapine

ATC code

List:
Beers (B)
or
PRISCUS
(P)

No. of
NHR with
claim

Prevalence
of use in
NHR (%)

No. of NHR
with longterm use (≥ 3
claims of
same PIM)

Prevalence of
long-term use
in NHR (≥ 3
claims of same
PIM) (%)

N05AH04

B

20 384

22.4

13 888

15.2
8.9

2

Lorazepam

N05BA06

B/P

18 378

20.2

8 091

3

Zolpidem

N05CF02

B/P

11 807

13.0

7 794

8.5

4

Paraffin oil

A06AA01

P

8 760

9.6

5 457

6.0

5

Risperidone

N05AX08

B

8 749

9.6

6 220

6.8

6

Pipamperone

N05AD05

B

7 810

8.6

4 563

5.0

7

Haloperidol

N05AD01

B/P

7 213

7.9

2 620

2.9

8

Ibuprofen

M01AE01

B

6 780

7.4

2 205

2.4

9

Oxazepam

N05BA04

B/P

5 948

6.5

3 844

4.2

10

Metoclopramide

A03FA01

B

5 397

5.9

1 602

1.8

11

Belladonna alkaloids*

A03B

B

4 613

5.1

0.6

12

Diclofenac p.o.

M01AB05

B

3 965

4.3

585
1 275

13

Nitrofurantoin

J01XE01

B/P

3 731

4.1

0.7

14

Estriol

G03CA04

B

2 807

3.1

614
1 156

15

Hydroxyzine

N05BB01

Total PIM Beers and PRISCUS
Total PIM Beers

1.4
1.3

B/P

2 784

3.0

1 981

2.2

B/P

72 106

79.1

51 232

56.2

B

67 490

74.0

46 798

51.3

P
54 253
59.5
37 268
40.9
Total PIM PRISCUS
*including derivatives such as butylscopolamine (antispasmodic agent)
Abbreviations: ATC, Anatomical Therapeutic Chemical classification system; NHR, nursing home residents; No,
number; PIM, potentially inappropriate medication; p.o., peroral

3.1.5

Discussion

To our knowledge, the present study is the first systematic descriptive analysis of drug utilisation in
Swiss nursing homes. The study is based on claims data of a large provider of Swiss mandatory health
insurance; it includes elderly patients from all parts of the country who were either NHR or living in the
community. Our results suggest that per capita drug claims, average per capita drug costs, and the
prevalence of polypharmacy were substantially higher in NHR compared to the RG. Standardisation by
age and sex did not materially alter these observations. Moreover, we identified a considerable amount
of PIM use in elderly Swiss NHR.
The large majority (85.5%) of NHR were prescribed five or more different drugs at the same time. A
recent study among NHR in Germany reported a similarly high prevalence of polypharmacy (83.5%).100
According to another study based on Helsana claims data, 41.2% of the Swiss general population aged
65 years or older (not living in nursing homes) were exposed to polypharmacy between 2008 and 2010.93
The prevalence of polypharmacy of 50.4% in our RG thus may suggest a trend towards an increasing
number of individuals receiving polypharmacy over time.
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Consistent with the latter study,93 we observed a decrease in the number of different drugs taken
concurrently with increasing age. The reasons for this might be a de-prescribing of unnecessary
medications (i.e., medications aiming mainly at a prolonged life expectancy rather than an improved
quality of life), especially in very frail and old persons. In elderly patients, drug therapy in accordance
with guidelines is often neither effective nor feasible due to different treatment approaches, possible
drug-drug interactions, and necessary dose adjustments.101 To curb polypharmacy, clarifying and
prioritising the diagnoses that do (not) require therapy is thus essential.102 Cooper et al. reported that
polypharmacy and associated ADEs could be minimised by reducing the use of non-essential (and
potentially inappropriate) medications and by reinforcing NHR’s adherence.103
Eight out of ten NHR in our study population received at least one PIM when taking into account the
PRISCUS list and 2015 updated Beers criteria. Furthermore, despite being considered PIM, the
psycholeptics quetiapine, lorazepam, and zolpidem were found among the 15 most frequently prescribed
drugs in nursing homes. Psycholeptics increase the risk of cerebrovascular events as well as the rate of
cognitive decline and mortality in persons with dementia.81
One in ten NHR received paraffin oil, making it the fourth most frequently used PIM among NHR.
Viscous paraffin is usually indicated for the short-term therapy of constipation. In elderly people at risk
of aspiration, side effects such as lipid pneumonia occur more frequently.81
Two systematic reviews also emphasised the substantial occurrence of PIM in NHR: Storms et al.
delineated a PIM prevalence in nursing homes between 18.5% and 82.6% according to Beers criteria.84
Morin et al. described point prevalences of PIM use (varying criteria to identify PIM) ranging from
5.4% to 95%, with higher estimates reported in Europe compared to other continents, and in studies
conducted after 2005 compared to studies conducted between 1990 and 1999.79
Several limitations need to be considered when interpreting the results of the present study. Our analyses
relied on health care invoices submitted to Helsana for reimbursement by mandatory health insurance.
Consequently, we may have missed a number of drugs, in particular (1) non-prescription drugs
purchased over-the-counter, (2) drugs paid for out-of-pocket by individuals whose health care expenses
principally eligible for reimbursement by the mandatory health insurance did not exceed the annual
deductible, (3) drugs not listed for reimbursement in the mandatory health insurance package, and (4)
inpatient drug prescriptions. According to internal analyses done by Swiss health insurances, the
proportion of health care expenses below the annual deductible amounts to 2% to 3% of invoices.94
Therefore, the drug utilisation reflected in our claims data may be a slight underestimation, whilst
a potential selection bias is likely to be minor. Medications listed for reimbursement in the mandatory
health insurance package account for 80% of the total medication costs in Switzerland.94 Prevalence of
polypharmacy might thus be underestimated to some extent. However, since all PIM licensed in
Switzerland are listed for reimbursement, it is very unlikely that we markedly underestimated their
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prevalence. Based on the lack of a universally used definition of ‘long-term use’, we defined long-term
PIM use as three or more drug claims of the same PIM, assuming this definition to indicate a regular
use. Therefore, a limited degree of misclassification may be expected.
Furthermore, we had no information on whether the patients have actually taken the dispensed drugs, as
adherence is not guaranteed solely by the purchase of a drug.
The present study was based on the 2015 updated Beers criteria and the PRISCUS list, both of which
are widely accepted and evidence-based tools to identify PIM. Undoubtedly, these lists are not meant to
override the clinical judgment of the physician or an individual’s preference, values, and needs.81 Therefore, drugs identified as PIM may be appropriate in individual clinical situations, under special
monitoring, and at an appropriate age-adjusted dose. Additionally, evidence of a significant association
between PIM defined by Beers criteria and patient outcomes, such as adverse drug events or quality of
life, is inconsistent.104, 105 In contrast, PIM defined by the START/STOPP criteria, another tool to
identify PIM, have been shown to be significantly associated with adverse drug events and hospitalisation.106, 107 However, the inappropriateness of drugs defined by STOPP are usually linked to overriding a certain dosage or duration of use, to a diagnosis, a co-medication, a duplication of drug classes,
or a lacking indication. Since required additional information such as outpatient diagnoses, kidney
function, or cumulative dosage was not captured in our data, we could not analyse implicit PIM
(i.e., drugs being inappropriate in individual, specific clinical situations, or above a certain single/daily
dose). Taken together, the present study cannot draw inferences about the appropriateness of prescriptions and the extent of overuse, underuse, or misuse of medications on an individual level. Nevertheless,
the prevalence of PIM, as observed in NHR, appears to be rather high and is presumably not solely
explicable by individual clinical situations. The data further show that the average number of drug
prescriptions per patient in Swiss nursing homes is rather high, too. However, we need to interpret these
data carefully, as dermatological products for dry skin, artificial tears, calcium supplements or Vitamin D3 are also part of this assessment. Thus, whether the average number of drugs applied to NHR is
indeed problematic or not needs to be interpreted in the context of the clinical situation. However, these
findings are nevertheless in line with a growing body of evidence indicating the need to focus on drug
safety, to improve prescribing practices, and to prescribe as little drugs as absolutely necessary in the
elderly.90, 93-95, 108
Future national policies might aim at promoting rational drug use in geriatric patients. One possible
approach is based on defining a responsible clinical pharmacist for every nursing home, and on close
interdisciplinary collaboration between health care providers in the nursing home setting. This approach
has already been successfully tested at a cantonal level and might be a promising way for future
interventions aimed to increase efficacy and quality of drug prescriptions in NHR.109
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To ensure transparent prescription practice, it is essential for all health professionals involved in the
treatment of NHR to share information. Pharmacists have the opportunity to identify PIM or drugs with
interaction potential before they reach the patient; physicians may gain an overview of the drugs used
by consulting PIM criteria and have the opportunity to inform NHR about benefits and risks of a therapy;
nursing professionals who personally know the NHR and administer drugs to them on a daily basis can
make an important contribution by providing feedback to the other professional groups. In addition, the
patients’ and relatives’ problem-awareness should be sharpened to develop an understanding that
reducing the number of drugs is not necessarily associated with a reduction in performance, but may
lead to a reduction of risks.
In conclusion, this study provides a comprehensive evaluation of drug utilisation in Swiss nursing
homes. The results show that polypharmacy and use of PIM are frequent in NHR. Even though the
absolute number of drugs is per se not a meaningful indicator of high or poor prescribing quality, we
need to keep in mind that both polypharmacy and PIM are potentially problematic and may be associated
with poor health outcomes in elderly people. The data further show that innovative high-cost drugs
introduced in oncology, immunology and infectiology are rarely used in the nursing home setting. This
results in average drug costs of only around eight CHF per day for NHR, so that drug costs constitute a
minor part of the total health care costs of patients in nursing homes. The present study quantifies drug
utilisation of NHR and may indicate a need for effective interventions to optimise drug prescribing in
Swiss nursing homes.
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Supplementary materials

Table 3.1-I. The 15 most frequent drugs and the prevalence of their use in the RG (individuals aged
≥ 65 years insured with Helsana, excluding NHR) compared to NHR, rank ordered by number of drug
claims, year 2016.
Active agent

ATC code

Number of
Rank Number of Rank Prevalence of Prevalence of
drug claims in
drug claims
use in the RG
use in NHR
RG
in NHR
(%)
(%)

11

29.4

32.1

260 221

1

34.6

54.4

41 012

30

24.1

15.7

4

130 073

5

26.3

35.6

932 207

5

106 754

9

22.1

22.7

651 701

6

32 126

45

17.1

10.6

A11CC05

640 780

7

128 905

7

17.8

32.0

A12AX

614 066

8

84 489

12

17.6

25.7

Zolpidem

N05CF02

588 007

9

72 538

15

8.4

13.0

Diclofenac (topical)

M02AA15

552 445

10

94 657

10

16.7

30.0

Metformin

A10BA02

517 148

11

36 659

37

8.3

6.5

Torasemid

C03CA04

511 162

12

143 192

3

11.7

38.3

Metamizole

N02BB02

506 310

13

260 221

2

14.0

32.0

Metoprolol

C07AB02

499 367

14

43 162

27

10.8

13.3

Acetylsalicylic acid

B01AC06

1 220 562

1

93 777

Paracetamol

N02BE01

1 202 864

2

Electrolyte solutions

B05BB01

1 052 306

3

Pantoprazole

A02BC02

963 136

Artificial tear fluid

S01XA20

Atorvastatin

C10AA05

Colecalciferol
Calcium + vitamin D

19.9
N05BA06
427 467
15
72 715
14
7.9
Lorazepam
Abbreviations: ATC, Anatomical Therapeutic Chemical Classification System; NHR, nursing home residents; RG,
reference group

44

HELSANA CLAIMS DATABASE

THE ELDERLY

Abbreviations: PIM, potentially inappropriate medication

Figure 3.1-I. Prevalence of long-term use of PIM (%) with 95% confidence intervals in NHR across different age groups, stratified by criteria used (Beers criteria,81 Priscus list,87 or a combination of both),
year 2016.
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Table 3.1-II. The 15 most frequent PIM and the prevalence of their use in NHR according to the 2015
Beers criteria and PRISCUS list,81, 87 rank-ordered by total number of recipients, stratified by sex, year
2016.
Rank
Total

PIM active agent

ATC code

List:
Beers (B)
or
PRISCUS
(P)

No. of
female NHR
with claim

Prevalence of No. of male Prevalence of
use among
NHR with
use among
female NHR
claim
male NHR
(%)
(%)

13 728
6 657
N05AH04
B
21.0
25.9
1
Quetiapine
13 826
4 884
N05BA06
B/P
21.1
19.0
2
Lorazepam
8 783
3 023
N05CF02
B/P
13.4
11.8
3
Zolpidem
7
906
6
950
A06AA01
P
12.1
27.1
4
Paraffin oil
6 215
2 534
N05AX08
B
9.5
9.9
5
Risperidone
5 434
2 376
N05AD05
B
8.3
9.3
6
Pipamperone
5 122
2 091
N05AD01
B/P
7.8
8.2
7
Haloperidol
5 159
1 620
M01AE01
B
7.9
6.3
8
Ibuprofen
4 691
1 266
N05BA04
B/P
7.2
4.9
9
Oxazepam
4 263
1 135
A03FA01
B
6.5
4.4
10 Metoclopramide
4
590
4
484
A03B
B
7.0
17.5
11 Belladonna alkaloids*
2 979
1 184
M01AB05
B
4.5
4.6
12 Diclofenac p.o.
3 196
J01XE01
B/P
4.9
535
2.1
13 Nitrofurantoin
2 807
G03CA04
B
4.3
14 Estriol
1 972
N05BB01
B/P
3.0
812
3.2
15 Hydroxyzine
B/P
52 554
80.2
19 561
76.3
Total PIM Beers and PRISCUS
B
49
197
75.1
18
293
71.3
Total PIM Beers
P
40 229
61.4
14 024
54.7
Total PIM PRISCUS
*including derivatives such as butylscopolamine (antispasmodic agent)
Abbreviations: ATC, Anatomical Therapeutic Chemical classification system; NHR, nursing home residents; No,
number; PIM, potentially inappropriate medication; p.o., peroral
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Table 3.1-III. NHR with ≥ 1 PIM claim according to the 2015 Beers criteria and PRISCUS list,81, 87 stratified by canton of residence, rank-ordered by prevalence of PIM use, year 2016.
Rank

Canton of
residence

Number of NHR

Number of NHR with
≥ 1 PIM claim

Prevalence of PIM
use in NHR (%)

Deviation from
average prevalence of
PIM use in NHR (%)*

1
NW
529
464
87.6
+10.8
3 241
2 775
2
BS
85.6
+8.2
2 456
2 091
3
NE
85.1
+7.6
3
843
3
230
4
VS
84.0
+6.2
5 915
4 937
5
GE
83.5
+5.5
3 638
3 006
6
BL
82.6
+4.5
3 234
2 669
7
TG
82.5
+4.3
8
JU
702
576
82.1
+3.7
3 363
2 723
9
SO
81.0
+2.4
10
AI
232
188
80.9
+2.3
2 006
1 604
11
SZ
79.9
+1.1
2 815
2 246
12
GR
79.8
+0.9
5
433
4
287
13
AG
78.9
-0.3
7 354
5 797
14
SG
78.8
-0.3
15
GL
781
615
78.7
-0.5
4 161
3 266
16
LU
78.5
-0.8
17
UR
603
473
78.5
-0.8
18 866
14 620
18
ZH
77.5
-2.0
7 249
5 550
19
VD
76.6
-3.2
10 459
7 915
20
BE
75.7
-4.3
1 108
21
AR
820
74.0
-6.4
1 064
22
ZG
786
73.8
-6.7
1 539
1 076
23
SH
69.9
-11.6
24
OW
444
298
67.2
-15.1
*average prevalence of NHR with ≥ 1 PIM claim: 79.1%
FR, TI: not applicable (invoices for nursing care based on lump sums)
Abbreviations: AG, Aargau; AI, Appenzell Innerrhoden; AR, Appenzell Ausserrhoden; BE, Bern; BL, BaselLandschaft; BS, Basel-Stadt; FR, Freiburg; GE, Genf; GL, Glarus; GR, Graubünden; JU, Jura; LU, Luzern; NE,
Neuenburg; No, number; NW, Nidwalden; OW, Obwalden; SG, St. Gallen; SH, Schaffhausen; SO, Solothurn; SZ,
Schwyz; TG, Thurgau; TI, Tessin; UR, Uri; VD, Waadt; VS, Wallis; ZG, Zug; ZH, Zürich
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4 The young
4.1

Coverage rates and timeliness of nationally recommended vaccinations in
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Abstract

Background: Low vaccination coverage as well as incomplete and delayed vaccinations pose a risk for
the individual and population protection from vaccine-preventable diseases.
Aim: To describe vaccination patterns for nationally recommended basic and supplementary vaccinations in Swiss preschool children.
Methods: We performed a descriptive study based on administrative claims data from a large Swiss
health insurer (Helsana), in cohorts of children born between January 2010 and December 2016. We
assessed coverage rates of nationally recommended basic vaccinations (i.e., diphtheria, tetanus, acellular
pertussis [DTaP], Haemophilus influenzae type b [Hib], poliomyelitis [IPV], measles, mumps, and
rubella [MMR]) and supplementary vaccinations (i.e., pneumococcal conjugate vaccine [PCV] and meningococcal group C conjugate vaccine [MCV]) for each birth cohort at the age of 13, 25, and 37 months.
Additionally, we analysed timeliness of vaccinations using inverse Kaplan-Meier curves. Results were
extrapolated to the Swiss population.
Results: The study population comprised 563 216 children. We observed continuously increasing
coverage rates for all vaccinations until the 2015 birth cohort. Overall, up-to-date status for the first dose
of studied vaccinations at 37 months was as follows: DTaP: 95.4%; Hib: 94.9%; IPV: 95.5%; MMR:
86.8%; PCV: 83.2%; and MCV: 66.7%. On average, however, only seven out of ten children had an upto-date status for completed basic vaccinations; even less (six out of ten) were up-to-date for recommended supplementary vaccinations at 37 months of age. Moreover, 4% of all analysed children received none of the recommended vaccinations and there were substantial regional differences. Delays
in vaccine administration were common. The most frequently postponed basic vaccination was MMR;
22.6% of children vaccinated with the first dose experienced delays relative to age-appropriate standards.
Conclusion: To avoid future outbreaks and transmission of vaccine-preventable diseases, vaccination
coverage in Switzerland must be further improved. In addition, more emphasis should be placed on
timely vaccination.
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Introduction

Vaccinations belong to the most cost-effective public health interventions to date. No other measure,
with the exception of clean water, has reduced mortality and promoted population growth more.110
Moreover, vaccination coverage rates are a widely used and accepted indicator of the overall adequacy
of primary care health services to children.111 Despite the obvious benefits of vaccinations, most
vaccine-preventable diseases are not only still present, but have recently seen a resurgence in some
countries after they were close to elimination.112, 113 Additionally, targeted vaccination coverage rates
required for herd protection are rarely met, resulting in the death from vaccine-preventable diseases of
an estimated 1.5 million children under five years of age annually.114, 115 A worrying, current example
of resurging diseases are measles. Incidence has risen by 31% globally between 2016 and 2017.116 While
endemic measles transmission had been interrupted in Switzerland during this time period, 166 cases of
measles were reported between January and Mai 2019, which is 4 times as many as in the entire previous
year.117, 118 Furthermore, measles outbreaks in Israel in 2003, as well as in Austria, Germany, and the
US in 2008 could be linked to measles strains originating from Switzerland.119-122
In Switzerland, vaccinations are voluntary; the decision to vaccinate oneself and one’s children is thus
each individual’s responsibility. At a national level, however, an annual vaccination schedule is
published, with the aim of achieving optimum protection at both an individual and population level. The
vaccination schedule divides vaccinations into recommended basic, supplementary, and risk-based
vaccinations. The first category includes vaccinations that are considered essential for individual and
public health, whereas supplementary vaccinations provide optimal individual protection against serious
but rare diseases.123 Compliance with recommended vaccinations is typically estimated based on up-todate status, defined as the proportion of children who have received adequate vaccination (including
adequate number of doses) by a certain age or within a specific time window.124, 125 For instance, the
Swiss National Vaccination Coverage Survey (SNVCS) is used by the Swiss Federal Office of Public
Health (SFOPH) to track up-to-date vaccination status of children based on the recommended
vaccination schedule. To gauge progress towards national vaccination goals, the SNVCS estimates
vaccination coverage rates for preschool children between 24 and 35 months of age every three years,
using a standard methodology. Specifically, randomly selected families residing in Switzerland are
asked by mail to send in their vaccination records.126 While this method of national vaccination
surveillance provides valuable information on up-to-date status in children, it does not provide information on the timeliness of immunisations. A 35-month-old child, for instance, could be delayed up to
11 months in receiving recommended basic vaccinations, yet the SNVCS assessment methodology
would reflect this child as being up-to-date. Measures of age-appropriate vaccination, in contrast,
provide a more precise indicator of vaccination status. They are a useful tool to accurately identify
susceptible children who are at a higher risk of infection than those with shorter or no vaccination
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delays.111 Data on timely vaccination in Switzerland are scarce; previous studies were often limited to
small, regionally restricted samples or a small selection of studied vaccines.124, 127, 128
Using administrative claims data provided by the largest Swiss health insurance company, we assessed
a cohort of Swiss preschool children to gain insight into vaccination patterns for nationally recommended basic and supplementary vaccinations. We analysed data for the years 2010 to 2017 to measure
vaccination coverage rates at different follow-up time points (13, 25, and 37 months of age), and to
characterise vaccination delays by contrasting measures of up-to-date vaccination status with ageappropriate vaccination.
4.1.3

Methods

Study design and data source
We conducted a retrospective descriptive study using health care claims data from the Swiss health
insurance company Helsana for the years 2010 to 2017.
The study population was extracted from a dataset of approximately 1.15 million individuals (year 2017)
with mandatory health insurance provided by Helsana across all 26 cantons of Switzerland. Since
Helsana’s health insurance claims cover nearly all health care invoices for services reimbursable by the
mandatory health insurance, these data are considered highly reliable. Recorded information covers
demographics, postal codes, and claims sent to Helsana for reimbursement (e.g., drug prescriptions,
medical treatments, and diagnostic assessments).
In Switzerland, paediatricians and GPs in private offices or outpatient clinics provide child health care,
and they charge vaccinations and other ambulatory health care services to the patient’s health insurance
according to a fixed tariff.129 We were granted access to anonymised datasets (from the database located
at Helsana) covering the patient information and parameters relevant for this analysis. We identified
vaccines based on ATC classification system codes.130 We subsequently extracted the date of vaccination from the invoice date for vaccine administration.
Study population
We included all children born between January 1, 2010 and December 31, 2016 who were resident in
Switzerland and insured with Helsana from birth. Follow-up extended from birth to (a) withdrawal from
the Helsana database (due to change of health insurance, moving abroad, or death), (b) 7th birthday or
(c) December 31, 2017 (whichever occurred first). We only considered children with a follow-up of at
least 13 months for analysis.
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We excluded preterm children due to a different vaccination scheme compared to the standard Swiss
vaccination schedule (number of vaccinations/recommended time windows for vaccinations).131
We identified preterm children according to their pneumococcal conjugate vaccines (PCV) status (≥ 4
doses of PCV in the first 2 years of life instead of the scheduled 3 doses of PCV in the standard scheme).
Swiss vaccination recommendations and assessment of vaccination status
The official vaccination recommendations of the SFOPH served as the basis for our analyses. They
underwent no modifications during the study period (2010-2017) for the vaccines under study for children aged less than 3 years:
In children up to 37 months of age, diphtheria, tetanus, and acellular pertussis combination vaccines
(dose 1 [DTaP1] to 4 [DTaP4]), Haemophilus influenzae type b vaccines (Hib1-Hib4), poliomyelitis
vaccines (IPV1-IPV4), and measles, mumps, and rubella combination vaccines (MMR1 and MMR2)
were recommended basic vaccinations, while pneumococcal conjugate vaccines (PCV1-PCV3) and
meningococcal group C conjugate vaccines (MCV1) were recommended supplementary vaccinations.
The vaccination schedule comprised DTaP, Hib, and IPV doses at 2, 4, 6, and 15-24 months of age;
MMR doses at 12 and 15-24 months of age; PCV at 2, 4, and 12 months of age; and MCV at 12-15
months of age.131, 132
According to the Swiss vaccination recommendations, we defined timely (age-appropriate) vaccination
as the administration of the respective vaccine dose within 30 days prior to or after the recommended
age.111, 127, 133
Statistical analysis
We calculated coverage rates of up-to-date vaccinations (with 95% CIs) overall and for each birth
cohort, and stratified our analyses by follow-up (13, 25, and 37 months). In addition, we identified
entirely unvaccinated children stratified by canton of residence. To evaluate timeliness of vaccinations,
we further measured cumulative coverage rates by age for each vaccine and dose using the KaplanMeier method. We additionally assessed delays of vaccine administration relative to age-appropriate
standards and median delay in months.
Since Helsana has different market shares in different regions of Switzerland, we conducted a weighted
analysis to extrapolate the data presented in this study to the Swiss population level according to sex
and canton of residence. For this purpose, we used a weight variable derived from yearly-published
demographic data provided by the joint institution KVG for risk adjustment in the Swiss mandatory
health insurance.134 We used SAS 9.4 software (SAS Institute, Cary, NC) for data analyses.
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Ethical Consideration
The analyses complied with the Swiss Federal Law on data protection. According to the national ethical
and legal regulation, a formal ethical approval was not required because the data were retrospective,
pre-existing, and de-identified.
4.1.4

Results

Characteristics of the study population
We identified a total of 563 216 Swiss non-preterm children (extrapolated to the Swiss population) with
at least 13 months postpartum follow-up. Thereof, 76.2% (n=428 931) and 56.0% (n=315 186) presented
a follow-up within the health insurance provider Helsana of at least 25 and 37 months following birth,
respectively. Table 4.1-1 summarises the characteristics of the study population according to birth
cohorts (2010-2016).
Table 4.1-1. Characteristics of study population according to birth cohorts.
Birth
cohort

n

Female, n (%)

25 months
follow-up, n (%)

37 months
follow-up, n (%)

Median follow-up
in months (IQR)

Mean no. of ambulatory
physician visits during
follow-up* (95% CI)

2010

77 942

37 744 (48.4)

68 306 (93.6)

62 880 (86.2)

85.2 (50.1-85.2)

18.3 (18.1-18.5)

2011

77 025

36 754 (47.7)

71 591 (92.9)

65 660 (85.2)

76.0 (49.3-80.3)

25.7 (25.4-26.0)

2012

85 557

41 821 (48.9)

77 899 (91.0)

65 054 (76.0)

64.4 (43.9-68.5)

23.6 (23.3-23.9)

2013

82 252

40 224 (48.9)

68 365 (83.1)

60 340 (73.4)

52.6 (48.7-56.5)

21.6 (21.3-21.9)

2014

78 711

37 838 (48.1)

68 729 (87.3)

61 252 (77.8)

40.4 (36.6-44.2)

20.4 (20.2-20.6)

2015

84 044

40 497 (48.2)

74 041 (88.1)

-

29.4 (25.9-32.8)

17.5 (17.3-17.7)

37 865 (48.7)

-

-

18.5 (15.8-21.4)

13.3 (13.2-13.4)

2016

77 684

*based on total n of the respective birth cohort
Abbreviation: CI, confidence interval; IQR, interquartile range; no, number

Median follow-up ranged from 85.2 months in the 2010 birth cohort to 18.5 months in the 2016 birth
cohort. On average, children had 20.2 ambulatory doctor visits during their follow-up. Across birth
cohorts, the mean number of visits did not decrease proportionally to the decreasing median follow-up,
suggesting that most of the visits took place during the first two to three years of life.
For children with 25 months of follow-up who were vaccinated with at least one dose of a vaccine under
study, the mean number of ambulatory visits was 22.9, i.e., significantly higher compared to children
who did not receive any vaccinations (mean: 12.9 visits; p < 0.05).
Coverage rates of up-to-date vaccinations at 13, 25, and 37 months of age
Table 4.1-2 displays overall coverage rates of up-to-date status for the recommended basic and supplementary vaccinations for children at 13, 25, and 37 months of age.
At 13 months, overall coverage rates for the first vaccine dose were highest for DTaP1, IPV1, and Hib1
(> 93%), followed by PCV1 (83.1%) and MMR1 (67.2%). The almost identical coverage rates for DTaP,
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Table 4.1-2. Overall up-to-date status (with 95% CI) for DTaP, Hib, IPV, MMR, PCV, and MCV
for children at 13, 25, and 37 months of age. The Swiss vaccination schedule recommends
4 doses at 2, 4, 6, and 15-24 months for DTaP, Hib, and IPV; 2 doses at 12 and 15-24 months
for MMR; 3 doses at 2, 4, and 12 months for PCV; and 1 dose at 12-15 months for MCV.
Vaccination
status

13 months of age
(n=563 216), % (95% CI)

25 months of age
(n=428 931), % (95% CI)

37 months of age
(n=315 186), % (95% CI)

DTaP
No DTaP
6.2 (6.0–6.4)
4.9 (4.7–5.0)
4.6 (4.4–4.9)
DTaP1
93.8 (93.6–94.0)
95.1 (95.0–95.3)
95.4 (95.1–95.6)
DTaP2
90.5 (90.3–90.8)
93.0 (92.8–93.3)
93.2 (92.9–93.5)
DTaP3
81.1 (80.8–81.4)
88.4 (88.1–88.7)
89.1 (88.8–89.5)
DTaP4
1.2 (1.2–1.3)
68.0 (67.6–68.4)
73.2 (72.8–73.7)
Hib
No Hib
6.8 (6.6–7.0)
5.3 (5.1–5.5)
5.1 (4.9–5.4)
Hib1
93.2 (93.0–93.4)
94.7 (94.5–94.9)
94.9 (94.6–95.1)
Hib2
89.7 (89.4–89.9)
92.1 (91.8–92.3)
92.1 (91.8–92.4)
Hib3
79.3 (79.0–79.6)
86.9 (86.6–87.2)
87.5 (87.1–87.8)
Hib4
1.0 (0.9–1.1)
65.9 (65.5–66.3)
70.8 (70.3–71.2)
IPV
No IPV
6.3 (6.1–6.5)
4.7 (4.5–4.9)
4.5 (4.3–4.7)
IPV1
93.7 (93.5–93.9)
95.3 (95.1–95.5)
95.5 (95.3–95.7)
IPV2
90.2 (89.9–90.4)
92.9 (92.6–93.1)
93.0 (92.8–93.3)
IPV3
80.3 (80.0–80.6)
87.9 (87.6–88.2)
88.6 (88.3–89.0)
IPV4
1.1 (1.0–1.1)
67.1 (66.7–67.6)
72.2 (71.8–72.7)
MMR
No MMR
32.8 (32.4–33.2)
14.4 (14.1–14.7)
13.2 (12.9–13.6)
MMR1
67.2 (66.8–67.6)
85.6 (85.3–85.9)
86.8 (86.4–87.1)
MMR2
11.0 (10.8–11.3)
62.9 (62.5–93.4)
73.4 (72.9–73.8)
PCV
No PCV
16.9 (16.6–17.2)
16.2 (15.8–16.5)
16.8 (16.4–17.2)
PCV1
83.1 (82.8–83.4)
83.8 (83.5–84.2)
83.2 (82.8–83.6)
PCV2
76.7 (76.4–77.1)
78.0 (77.6–78.3)
76.6 (76.1–77.0)
PCV3
47.9 (47.5–48.3)
64.2 (63.8–64.7)
62.0 (61.5–62.5)
MCV
No MCV
90.0 (89.8–90.2)
35.4 (35.0–35.9)
33.3 (32.9–33.8)
MCV1
10.0 (9.8–10.2)
64.6 (64.1–65.0)
66.7 (66.2–67.1)
Abbreviations: CI, confidence interval; DTaP, diphtheria-tetanus-acellular pertussis; Hib, Haemophilus
influenzae type b; IPV, poliomyelitis; MMR, measles-mumps-rubella; PCV, pneumococcal conjugate
vaccine; MCV, meningococcal group C conjugate vaccine

IPV, and Hib suggest a predominant use of penta- or hexavalent combination vaccines (i.e., DTaP-HibIPV combinations with or without a hepatitis B component).
At 25 months of age, up-to-date vaccination status of DTaP3, Hib3, IPV3, and MMR1 was 88.4%,
86.9%, 87.9%, and 85.6%, respectively. Coverage rates for the booster dose in the second year of life
(DTaP4, Hib4, IPV4, and MMR2) fell behind (68.0%, 65.9%, 67.1%, and 62.9%, respectively). Consequently, less than two thirds of the study population had on average an up-to-date vaccination status
(4 doses of DTaP, Hib, IPV; 2 doses of MMR; 3 doses of PCV; 1 dose of MCV) for all vaccinations
under study. Although PCV and MCV were defined as supplementary vaccinations, coverage rates with
a completed series (3 doses of PCV, 1 dose of MCV) were comparable to those of the recommended
basic vaccinations.
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At 37 months of age, we observed mostly unchanged to moderately improved coverage rates of up-todate vaccinations for DTaP4, Hib4, IPV4, and MCV1 compared with children aged 25 months. However, coverage rates for the supplementary vaccinations PCV1-PCV3 seem to have decreased compared
to the rates at 25 months of age. This is due to the fact that the 2015 and 2016 birth cohorts had not yet
reached the age of 37 months during the study period, indicating higher coverage rates in the later birth
cohorts. The overall proportion of children who did not receive any of the vaccines under study
decreased from 5.2% (13 months of follow-up) to 3.8% (37 months of follow-up). At 37 months of age,
33.3% and 16.8% of children had not received any dose of PCV and MCV compared to 13.2% and 4.55.1% of children for MMR and DTaP/IPV/Hib, respectively. The proportion of completely unvaccinated
children at 37 months of age showed substantial regional differences (Figure 4.1-1).

Abbreviations: AG, Aargau; AI, Appenzell Inner-Rhodes; AR, Appenzell Outer-Rhodes; BE,
Bern; BL, Basel-Country; BS, Basel-City; FR, Fribourg; GE, Geneva; GL, Glarus; GR,
Grisons; JU, Jura; LU, Lucerne; NE, Neuchâtel; NW, Nidwalden; OW, Obwalden; SG, St.
Gall; SH, Schaffhausen; SO, Solothurn; SZ, Schwyz; TG, Thurgovia; TI, Ticino; UR, Uri; VD,
Vaud; VS, Valais; ZG, Zug; ZH, Zurich

Figure 4.1-1. Proportion of completely unvaccinated children at 37 months of age
(overall Swiss average value: 3.8%).

We observed markedly higher proportions of completely unvaccinated children in Eastern and Central
Switzerland compared to the other regions. For instance, 12.8% and 14.5% of children living in the
Cantons of Appenzell Inner-Rhodes and Appenzell Outer-Rhodes (two rural cantons in Eastern Switzerland), respectively, were still completely unvaccinated at 37 months of age. At the same time, 99.4% of
children living in the Canton of Basel-City (Northwestern Switzerland) and 98.3% of children in Geneva
(Western Switzerland) had received at least one vaccination.
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Figure 4.1-2 shows the trends in up-to-date vaccination status at 25 months of age across birth cohorts
(2010-2015). Overall, we observed a considerable increase over time with a peak in the 2015 birth cohort
for each vaccination except for MMR2, where coverage rates levelled off after a peak in the 2014 birth
cohort. PCV3 vaccination coverage rates showed the most distinct increase from 49.4% (2010 birth
cohort) to 76.3% in the 2015 birth cohort. PCV3 yielded the highest coverage rate among the studied
vaccinations in the 2015 birth cohort, despite being considered a supplementary vaccination.

Abbreviations: DTaP, diphtheria-tetanus-acellular pertussis; Hib, Haemophilus influenzae type b; IPV, poliomyelitis;
MMR, measles-mumps-rubella; PCV, pneumococcal conjugate vaccine; MCV, meningococcal group C conjugate
vaccine

Figure 4.1-2. Trend of vaccination coverage (with 95% confidence intervals) for completed DTaP, Hib,
IPV (4 doses each), MMR (2 doses), PCV (3 doses), and MCV (1 dose) at 25 months of age across
birth cohorts (2010-2015).

Timeliness of vaccinations
Figure 4.1-3 illustrates the cumulative vaccination coverage for each dose of DTaP, Hib, IPV, MMR,
PCV, and MCV as a function of age. Overall, the majority of children eventually received the recommended vaccine doses, yet a far smaller proportion had received them within the recommended time
windows, i.e., at the appropriate age. While the proportion of children with delayed vaccinations relative
to age-appropriate standards was highest for the first vaccine doses, median delays of vaccine administration were more pronounced regarding the broad time windows in the second year of life (12-15
and 15-24 months of age) compared to the narrow windows in the first year of life (2, 4, and 6 months
of age).
According to the inverse Kaplan-Meier curves, the first dose of MMR was the most distinctly delayed
recommended basic vaccination. While 86.8% of the children had received the first dose by 37 months
of age, 22.6% of these children had experienced delays relative to age-appropriate standards. The
median delay for MMR1 was 0.8 months. On the other hand, 19.5% of children had received MMR1
between 9 and 11 months of age, i.e., earlier than generally recommended but in accordance with the
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recommendations in case of local measles epidemics. This was followed by an earlier MMR2 vaccination in 12.1% of children. For the other basic vaccinations, i.e., DTaP1, Hib1, and IPV1, delays
relative to age-appropriate standards amounted to 17.7%, 17.5%, and 17.9% (median delay: 1.1, 1.0,
and 1.1 months), respectively. For the supplementary vaccinations, we observed an even more prominent delay relative to age-appropriate standards: 20.1% for PCV1 (median delay: 1.1 months) and 46.2%
for MCV1 (median delay: 2.6 months).
Delays for the last (DTaP4, Hib4, IPV4, MMR2, and PCV3) doses or only (MCV1) dose of the respective vaccination schedules were 7.1%, 6.9%, 7.1%, 14.3%, 25.4%, and 46.2% (median delay: 2.1,
1.6, 2.2, 1.3, 1.0, and 2.6 months), respectively.

Abbreviations: DTaP, diphtheria-tetanus-acellular pertussis; Hib, Haemophilus influenzae type b; IPV, poliomyelitis;
MMR, measles-mumps-rubella; PCV, pneumococcal conjugate vaccine; MCV, meningococcal group C conjugate
vaccine

Figure 4.1-3. Inverse Kaplan-Meier curves displaying overall cumulative vaccination coverage rates (%)
by age for the nationally recommended basic (DTaP, Hib, IPV, MMR) and supplementary (PCV, MCV)
vaccinations. Shaded areas mark the recommended age for the respective dose. Increases of cumulative coverage rates following these areas indicate a delayed vaccination. The Swiss vaccination
schedule recommends 4 doses at 2, 4, 6, and 15-24 months for DTaP, Hib, and IPV; 2 doses at 12 and
15-24 months for MMR; 3 doses at 2, 4, and 12 months for PCV; and 1 dose at 12-15 months for MCV.
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Discussion

We assessed coverage rates and timeliness of nationally recommended basic and supplementary
vaccinations in a large cohort of Swiss preschool children between 2010 and 2017 using health insurance
claims data. Although our results suggest that overall vaccination coverage rates improved over time,
national vaccination goals were not reached. Moreover, a considerable proportion of the study population with up-to-date vaccination status experienced delays relative to age-appropriate standards.
On average, only 66.0% of the study population had an up-to-date vaccination status for the recommended basic vaccinations when assessed at 25 months of age. In an earlier study based on Helsana
claims data among Swiss children born between 2006 and 2008, assessing coverage rates of DTaP and
MMR,135 the authors had reported lower vaccination coverage rates for DTaP4 (55.5% vs. 68.0%) and
MMR2 (57.3% vs. 62.9%). Given similar methods, this may imply a slight improvement of vaccination
coverage during the last decade.
Among supplementary vaccinations, PCV stood out due to a sharp increase in vaccination coverage
during the study period. The relatively high coverage rates reflect an increasing acceptance of this
vaccination since its introduction as supplementary vaccination in 2006.128 Recently (2019), PCV has
been reassigned to the recommended basic vaccinations based on epidemiological evidence for its
effectiveness on both the individual and population level.136
The observed drop in coverage rates of more than 20% between doses administered in the first year of
life and doses administered in the second year (booster doses) was remarkable, yet previously seen in
studies assessing vaccination coverage rates in different regions in Switzerland.124, 128 Current guidelines
recommend six and two ambulatory check-up visits with a paediatrician or GP during children’s first
and second year of life, respectively.137 It is known that compliance to attend these check-up visits is
high in the first 12 months of life. However, compliance in the second year of life is lower, and
opportunities to accomplish an up-to-date vaccination status are therefore fewer.128 Additionally,
recommended time windows for booster doses in the second year are wider than in the first year of life.
This may imply that more specific recommendations (e.g., limited to one month) can help keeping up
with recommended vaccination schedules. In fact, such a strategy has now been introduced in Switzerland since 2019.138
A total of 4% of the study population did not receive any vaccinations in the first 2 years of life. These
children had significantly fewer ambulatory visits compared with children who received at least one
vaccine dose (mean: 12.9 vs. 22.9). This is consistent with the formerly mentioned study analysing
Swiss claims data between 2006 and 2010. The authors reported that children insured with Helsana,
who were not vaccinated (measured by DTaP and MMR vaccinations), had about half as many
ambulatory visits as children who were fully vaccinated by the age of two years (8.5 vs. 16.1).135 In light
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of the number of recommended check-up visits, the average number of visits seen in our study suggests
that unvaccinated children still had enough opportunities to receive the recommended vaccinations.
The proportion of unvaccinated children at 37 months of age showed substantial regional differences.
Eastern and Central Switzerland exhibited the highest proportions of children unvaccinated at 37 months
of age. Inhabitants of these rural, German-speaking regions are known to be more hesitant towards
vaccination than those in other parts of Switzerland. The SNVCS observed a similar pattern comparing
coverage rates of measles vaccination between Swiss cantons.126 A recent study investigating reasons
for regional differences in vaccination behaviour in Switzerland found that in cantons with high vaccination coverage, children’s physicians were mostly paediatricians, whereas in cantons with low vaccination coverage, physicians were mostly GPs. Moreover, vaccination was politically more supported in
cantons with high vaccination coverage; in contrast, cantons with low vaccination coverage rather
considered vaccinations as individual responsibility.139
Compared to the SNVCS, the present study’s vaccination coverage rates for the same time period were
somewhat lower. These differences might be partly explained by methodological differences. First, data
for the SNVCS were collected by analysing submitted vaccination cards; randomly selected families
were invited by mail to participate in the study and to send in their children’s vaccination records.126
The average response rate (72.0% in 2014-2016) implied a potential for selection bias and reasons for
non-response remained largely unknown.126, 140 Making assumptions on the vaccination status of children whose parents were non-responding is difficult; yet, children without vaccination cards have
previously been shown to have lower vaccination coverage compared to children presenting vaccination
records.141 Second, the design of the current national surveillance system by measures of up-to-date
status of children aged 24 to 35 months overestimates coverage at two years as it fails to record delayed
vaccination.133 Nonetheless, time trends towards higher vaccination rates were equally evident in both
the SNVCS and our analyses based on claims data.
Despite improving vaccination coverage rates across birth cohorts, we observed a considerable proportion of postponed administration of vaccines, which is consistent with other studies investigating
delays of various basic and supplementary vaccinations in different regions of Switzerland.124, 127, 128
Furthermore, our study suggests that delays were particularly frequent regarding the first vaccine doses.
MMR1 was the most frequently delayed recommended basic vaccination, with 22.6% of vaccinated
children having experienced delays relative to age-appropriate standards. This is particularly alarming
as a postponed first dose means a prolonged lack of protection against measles, mumps and rubella. The
last major measles outbreak in Switzerland in 2011 serves as illustrative example; 89.5% of the incident
cases of measles had an incomplete or missing vaccination status.142
In contrast to delayed vaccinations, a proportion of children was vaccinated early, particularly for both
doses of MMR. This mainly reflects children who were either 9 to 11 months old during a regional
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measles outbreak or accommodated in community facilities such as day care centres, as for them MMR1
was indicated as early as 9 months of age, and MMR2 between 12 and 15 months.131
Reasons for suboptimal vaccination coverage rates and delays in vaccine administration are complex
and diverse; low and/or regionally varying access to vaccination, vaccine hesitancy, conflicting information, cultural and religious beliefs, insufficient commitment of physicians and divergent priority
setting at different administrative levels are mere examples. The perception of social and professional
support in connection with vaccination behaviour, positive or negative, is another important influencing
factor.139, 143
Limitations
Although administrative claims data have previously been shown to be a reliable source of information
on vaccinations,144-146 several limitations need to be considered. The observed coverage rates are likely
to slightly underestimate the actual vaccination coverage in the target population. First, vaccinations
could only be assessed if the corresponding claims had been submitted to Helsana. However, we assume
that this was the case for the vast majority of vaccinations, as less than 1% of the children in our study
population had a deductible level above CHF 0, i.e., for more than 99%, all vaccination costs and checkup visits were fully reimbursed by the mandatory health insurance. Second, children receiving vaccinations during an inpatient stay were not identified as vaccinated. However, as vaccination opportunities
in the hospital setting are known to be underused, the impact of this is likely to be small.127
Information on socio-economic status (SeS) was not available. It is therefore difficult to gauge whether
our study population is representative of the Swiss population in this respect. In many cantons, Helsana
health insurance premiums are in a rather high-priced segment, and parents with a higher SeS may be
more critical of vaccinations.147 Similarly, children joining from other health insurances were not
included in the study and may differ in vaccination behaviour from children staying within the same
insurance throughout their early childhood.144
Conclusions
This study provides a comprehensive evaluation of vaccination patterns in Swiss preschool children.
Although two thirds of the children eventually completed the recommended vaccination series by 37
months of age, remarkably many experienced delays relative to national recommendations. To close the
gap between current vaccination coverage rates and national goals, vaccination status should therefore
not be measured merely by the determination of up-to-date status. Despite increasing coverage rates
over time, delayed vaccinations add to the pool of unprotected children in the population. Reasons for
incomplete or delayed vaccinations need to be further investigated and addressed in national and
international settings. Attaining high coverage levels by timely vaccination is crucial to avoid future
outbreaks and transmission of vaccine-preventable diseases.
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Risk of skin cancer in new users of thiazides and thiazide-like diuretics
A cohort study using active comparator groups
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Abstract

Objective: To assess the risk of melanoma and non-melanoma skin cancer in new users of thiazides and
thiazide-like diuretics (TZs) compared to new users of calcium channel blockers (CCBs) and reninangiotensin-aldosterone system inhibitors (RAASi), two other first-line antihypertensive drug groups.
Design: Cohort study.
Setting: United Kingdom Clinical Practice Research Datalink (CPRD) between 1998 and 2017.
Participants: CCB comparison: incident users of TZs (n=271 154; 87.6% bendroflumethiazide [BFT],
5.8% indapamide, and 3.6% hydrochlorothiazide [HCTZ]) or CCBs (n=275 263); RAASi comparison:
incident users of TZs (n=253 375; 90.5% BFT, 4.9% indapamide, and 1.7% HCTZ) or RAASi
(n=379 116).
Main outcome measures: The primary outcomes were basal cell carcinoma (BCC), squamous cell carcinoma (SCC), and cutaneous malignant melanoma (CMM). We estimated incidence rates (IRs) and IR
ratios (IRRs) in short-term (< 20 prescriptions) and long-term (≥ 20 prescriptions) users of TZs and
comparators (CCBs and RAASi) using negative binomial regression, and calculated rate differences
(RDs) and numbers needed to harm (NNH) for selected key results. We used fine stratification on the
propensity score (PS) to control for 23 baseline covariates.
Results: In the CCB comparison, long-term use of HCTZ substantially increased absolute and relative
risks of SCC (PS-weighted RD per 100 000 person-years, 87.4; NNH, 1 144; and IRR, 1.95; 95% CI,
1.87 to 2.02), but not of BCC or CMM. Long-term use of indapamide was associated with an increased
incidence of CMM (IRR, 1.43; 95% CI, 1.35 to 1.50). BFT was not meaningfully associated with the
risk of any type of skin cancer. The RAASi comparison yielded similar, yet slightly increased effect
estimates compared to the CCB comparison.
Conclusions: Our results corroborate the previously reported increased risk of SCC associated with
long-term use of HCTZ, but do not suggest a class effect for all TZs. Long-term use of indapamide may
increase the risk of CMM, but further evidence is needed.
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Introduction

Thiazides and thiazide-like diuretics (TZs) have been a cornerstone in the management of hypertension
since their introduction in the late 1950s.148 According to current guidelines, they, together with reninangiotensin-aldosterone system inhibitors (RAASi) and calcium channel blockers (CCBs), comprise
first-line therapy for essential arterial hypertension,149 and are also used for treatment of heart failure
and oedema.148 TZs are considered well-tolerated and effective in reducing cardiovascular morbidity
and mortality.150 While their exact mechanism of action for lowering blood pressure has not been fully
established, resonating structural components of TZs such as sulphonamide groups contribute to their
photosensitising activity.151, 152 Since ultraviolet (UV) radiation is the main risk factor for skin cancer,
particularly for people with a UV-sensitive skin type,153 TZs may increase the risk of skin cancer. Due
to accumulating evidence from experimental research associating drug-induced photosensitivity to skin
cancer, the diuretic agent hydrochlorothiazide (HCTZ) has been classified as ‘possibly carcinogenic to
humans’ by the International Agency for Research on Cancer (IARC) in 2013.154
Two Danish case-control studies by Pedersen and Pottegård et al. investigated the association between
use of HCTZ and the risk of cutaneous malignant melanoma (CMM) and non-melanoma skin cancer
(NMSC; mainly basal cell carcinoma [BCC] and squamous cell carcinoma [SCC]). The authors reported
a dose-dependent 4-fold increased risk of SCC in users of high cumulative doses of HCTZ when compared with patients not using HCTZ155; the risk of BCC (odds ratio [OR], 1.29; 95% CI, 1.23 to 1.35)
and the risk of CMM (OR, 1.22; 95% CI, 1.09 to 1.36) were also slightly increased among high cumulative-dose users of HCTZ.155, 156 Owing to the case-control study design, absolute risks of skin cancer
in HCTZ users remain unknown. Furthermore, despite the careful study design, effect estimates may be
overestimated, as the use of a non-user comparator group may have introduced surveillance bias and
confounding by indication. Nevertheless, based on these findings, in 2018 the European Medicines
Agency (EMA) recommended updating the product information to advise healthcare professionals and
patients about the risk of NMSC with use of HCTZ.157 Other thiazides (e.g., bendroflumethiazide [BFT])
and thiazide-like diuretics (e.g., indapamide) have not been associated with an increased risk of NMSC
despite known photosensitising properties.155, 158-160
We conducted an observational cohort study using data from a UK primary-care database to quantify
absolute and relative risks of skin cancer in new users of different TZs compared to patients exposed to
CCBs or RAASi, the two other first-line antihypertensive drug groups.
5.1.3

Methods

Study design and data source
We conducted a cohort study using data from the UK-based Clinical Practice Research Datalink
(CPRD). CPRD is a primary care database encompassing anonymised healthcare information on
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13.5 million patients collected by general practitioners (GPs). CPRD covers about 7% of the UK population, and patients are representative of the UK general population in terms of age, sex, and ethnicity.66
Recorded information includes patient demographics, life-style factors, diagnoses, drug prescriptions,
laboratory test results, and referrals to secondary care.65
Study population and drug exposure
We conducted two separate comparative analyses in this study; one in which we compared users of
thiazides or thiazide-like diuretics (TZs) to CCB users (CCB comparison), and the second in which we
compared TZ users to RAASi users (RAASi comparison). To this end, we identified patients aged 18 to
85 years with a first-time prescription for a TZ, a CCB, or a RAASi between January 1, 1998 and December 31, 2017. The date of the first study drug prescription will henceforth be referred to as the ‘cohort
entry date’. In both comparative analyses (TZs vs. CCBs and TZs vs. RAASi) we excluded all patients
who began treatment with both drugs (a TZ plus the respective comparator drug) on the same day.
Patients could enter each of the two comparisons at use of different drugs; if, for example, they had used
a RAASi before the TZ they would have entered at first RAASi use in the RAASi comparison, whereas
they would have entered at first TZ use in the CCB comparison. Our study period ended in December
2017, since the EMA first warned of a potential skin cancer risk for HCTZ in 2018.157
We excluded patients with a recorded diagnosis of alcoholism, any malignancy (including NMSC and
CMM), HIV, genetic disorders associated with skin cancer (such as nevoid basal cell carcinoma syndrome, xeroderma pigmentosum, or albinism), or solid organ transplantation any time prior to cohort
entry, and patients with less than two years of recorded history in the CPRD prior to cohort entry. We
further excluded patients with one or more prescriptions for an immunosuppressive drug any time prior
to cohort entry, as these drugs can increase the risk of skin cancers. Figure 5.1-1 shows the study design.
Study outcomes
The three primary outcomes of interest were a first-time diagnosis of CMM, BCC, or SCC. The validity
of the Read codes for BCC and CMM diagnoses in the primary care setting in the UK has been previously demonstrated (positive predictive values, 93% and 85%, respectively).161, 162
SCC may occur in organs other than the skin. Thus, we only considered SCC Read codes that were skinspecific or that were followed/preceded by at least one additional Read code indicating skin involvement
(i.e., a consultation with a dermatologist, skin lesion, or skin surgery) within 30 days.163
Follow-up
We followed patients from the first day after the cohort entry date until the occurrence of the outcome
of interest, or until they were censored. Patients were censored on the date of a prescription for a compa-
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Abbreviations: BCC, basal cell carcinoma; BMI, body mass index; CCB, calcium channel blocker; CMM, cutaneous
malignant melanoma; COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink;
GP, general practitioner; HIV, Human immunodeficiency virus; NMSC, non-melanoma skin cancer; NSAIDs, nonsteroidal anti-inflammatory drugs; RAASi, renin-angiotensin-aldosterone system inhibitors; SCC, squamous cell
carcinoma; TZs, thiazides and thiazide-like diuretics

Figure 5.1-1. Visualisation of the study design.

rator drug (i.e., in the CCB comparison: a prescription for a CCB for patients in the TZ group or a
prescription for a TZ for patients in the CCB group; in the RAASi comparison: a prescription for a
RAASi for patients in the TZ group or a prescription for a TZ for patients in the RAASi group), a record
for any exclusion criteria, death, 90th birthday, loss to follow-up, or at the end of the study period,
whichever came first. Each type of skin cancer was evaluated separately, and we did not censor patients
at the occurrence of another type of skin cancer (e.g., patients were not censored for SCC when
evaluating BCC). Thus, a patient may have contributed to up to three different endpoints in different
analyses. We classified follow-up time by study drug into short-term use (between 1st and 20th prescription) and long-term use (between 20th prescription and end of follow-up). The distribution of the number
of TZ prescriptions per patient is shown in Figure 5.1-I.
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Patient characteristics and covariates
Covariates in this study included the following patient characteristics, comorbidities, and medications:
(1) demographics, (2) use of selected drugs with suggested photosensitising or phototoxic effects,151, 164
(3) use of other antihypertensives (e.g., beta-blockers, RAASi in the CCB comparison, and CCBs in the
RAASi comparison), (4) use of drugs with potential antineoplastic properties,165 (5) selected lifestyle
factors (e.g., smoking, alcohol consumption, and body mass index), (6) baseline comorbidities including
cardiovascular diseases, diabetes mellitus, and chronic obstructive pulmonary disease (COPD),
(7) Charlson comorbidity index (CCI),166 and health care utilisation within one year prior to cohort entry
(e.g., number of GP visits). We captured comorbidities at any time, and co-medication within one year
prior to cohort entry. A complete list of covariates is shown in Table 5.1-I.
Statistical analysis
We calculated descriptive statistics for each exposure group. We then assessed the presence of
confounding by applying propensity score (PS) fine stratification.54 We calculated a PS that included 23
baseline covariates for each individual (Table 5.1-I). We trimmed the non-overlapping portions of the
PS distributions to exclude non-comparable patients and created 50 PS strata based on the PS distribution in the TZ group. We weighted users of CCBs and RAASi proportional to the distribution of TZ
users in the PS stratum within which they fell. We showed balance of covariates before and after
weighting using absolute standardised differences. We calculated crude and PS-weighted incidence rates
(IRs) with 95% CIs for BCC, SCC, and CMM in short-term and long-term users of TZs and the respective comparator drugs (CCBs or RAASi), and for BFT, indapamide, and HCTZ separately. IRs were
calculated overall and stratified by age (< 70 and ≥ 70 years) and sex. We calculated crude and PSweighted IR ratios (IRRs) with 95% CIs to estimate the risk of skin cancer associated with new exposure
to TZs compared to CCBs and RAASi, using negative binomial regression. Whenever the negative binomial model did not converge, we used Poisson regression corrected for overdispersion. For all comparisons that yielded meaningfully increased IRRs, we further calculated rate differences (RDs, based on
the PS-weighted IRs) and numbers needed to harm (NNH). We did not report any cell sizes < 5 events.
Subgroup and sensitivity analyses
We performed analyses within subgroups of sex and age in long-term users of TZs overall and for BFT,
indapamide, and HCTZ separately. To limit confounding by indication, we conducted a sensitivity
analysis restricting the study population to patients with a diagnosis of arterial hypertension and/or two
recorded blood pressure readings on different days with recorded values of ≥ 140 mmHg systolic and/or
≥ 90 mmHg diastolic at any time prior to the cohort entry. In an additional analysis, we restricted followup to a maximum of 10 years to prevent biased results due to increasing imbalance of baseline covariates
during follow-up. Finally, we compared the two comparator drug classes (i.e., CCBs and RAASi) as a
negative control analysis. We used SAS 9.4 software (SAS Institute, Cary, NC) for data analyses.
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Results

Cohort characteristics
The PS-weighted cohorts in the CCB comparison comprised 271 154 new TZ users (87.6% BFT, 5.8%
indapamide, and 3.6% HCTZ) and 275 263 new CCB users. In the RAASi comparison cohorts, there
were 253 375 new TZ users (90.5% BFT, 4.9% indapamide, and 1.7% HCTZ) and 379 116 new RAASi
users (Figure 5.1-2). Baseline characteristics before and after PS weighting are presented in Table 5.1-1
and Table 5.1-II. After PS weighting, baseline covariates were balanced between the groups (absolute
standardised difference < 10% for all covariates).

Abbreviations: CCBs, calcium channel blockers; CED, cohort entry date; CPRD, Clinical Practice Research Datalink; HIV, Human immunodeficiency virus; PS, propensity score; RAASi, renin-angiotensin-aldosterone system inhibitors; TZs, thiazides and thiazide-like diuretics

Figure 5.1-2. Flowchart of comparative analyses (CCB and RAASi comparison).

Follow-up and exposure drug prescriptions
In the PS-weighted CCB comparison, 37.0% of TZ users and 37.7% of PS-weighted CCB users became
long-term users, while this proportion was lower (32.2%) for TZ users and higher (52.6%) for PSweighted RAASi users in the RAASi comparison. The mean follow-up after PS weighting was between
3.9 years (SD, 3.8) for indapamide and 5.5 years (SD, 4.7) for HCTZ users in the CCB comparison, and
between 2.8 years (SD, 3.3, indapamide) and 5.1 years (SD, 4.6, RAASi) in the RAASi comparison
(Table 5.1-III). The PS-weighted median number of prescriptions during follow-up ranged from 8
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(IQR, 2 to 30) for HCTZ to 11 (IQR, 3 to 40) for CCBs in the CCB comparison, and from 2 (IQR, 1
to 11) for HCTZ to 20 (IQR, 5 to 55) for RAASi in the RAASi comparison (Table 5.1-III).
Table 5.1-1. PS-weighted baseline characteristics of new users of TZs and the active comparator group
(CCB or RAASi).
CCB comparison, n (%)

RAASi comparison, n (%)

Std
Std
Variable
TZs
CCB
Diff (%)
TZs
RAASi
Diff (%)
No.
271 154
275 263
253 375
379 116
Age, mean (SD)
61.3 (13.3)
61.9 (13.5)
-4.7
62.1 (13.4)
63.3 (12.8)
-8.7
Women
168 538 (62.2) 175 541 (63.8) -3.3 164 240 (64.8) 244 823 (64.6)
0.5
Region
South
76 785 (28.3) 79 587 (28.9)
-1.3
73 044 (28.8) 112 412 (29.7) -1.8
North
194 369 (71.7) 195 676 (71.1)
1.3
180 331 (71.2) 266 704 (70.3)
1.8
BMI, mean (SD)
28.3 (5.7)
28.3 (5.2)
0.0
28.0 (5.5)
28.2 (5.1)
-3.8
Smoking status
Non-smoker
129 695 (47.8) 130 774 (47.5)
0.6
121 860 (48.1) 179 663 (47.4)
1.4
Current smoker
49 349 (18.2) 50 071 (18.2)
0
46 181 (18.2) 68 011 (17.9)
0.7
Past smoker
66 567 (24.5) 68 496 (24.9)
-0.8
60 626 (23.9) 92 070 (24.3)
-0.8
Unknown
25 543 (9.4)
25 922 (9.4)
0
24 708 (9.8)
39 372 (10.4)
-2.1
Alcohol status
Never
98 541 (36.3) 104 069 (37.8)
-3
93 883 (37.1) 143 809 (37.9) -1.8
Current
106 048 (39.1) 105 353 (38.3)
1.7
98 406 (38.8) 141 916 (37.4)
2.9
Past
21 993 (8.1)
20 782 (7.5)
2.1
18 859 (7.4)
27 349 (7.2)
0.9
Unknown
44 572 (16.4) 45 059 (16.4)
0.2
42 227 (16.7) 66 042 (17.4)
-2
Year of cohort entry
1998-2002
123 535 (45.6) 124 160 (45.1)
0.9
121 499 (48.0) 184 245 (48.6) -1.2
2003-2007
105 337 (38.8) 107 748 (39.1) -0.6
93 542 (36.9) 139 995 (36.9)
0.0
2008-2012
33 844 (12.5) 33 057 (12.0)
1.4
29 529 (11.7) 42 073 (11.1)
1.9
2012-2017
8 438 (3.1)
10 298 (3.7)
-3.5
8 805 (3.5)
12 803 (3.4)
0.5
No. of different prescribed
19.5 (28.0)
21.9 (28.3)
-8.5
18.4 (28.0)
21.0 (27.9)
-9.1
agents, mean (SD)
Recorded history, mean (SD), y
9.6 (4.7)
9.6 (4.7)
0.0
9.7 (4.7)
9.6 (4.7)
1.9
No. of GP visits (365 d prior),
9.1 (8.2)
9.5 (8.3)
-4.9
8.8 (7.8)
9.0 (8.0)
-3.2
mean (SD)
Comedication (365 d prior)
CCBs
34 887 (13.8) 63 951 (16.9)
-8.6
RAASi
51 881 (19.1) 59 167 (21.5)
-5.9
Beta-blockers
48 549 (17.9) 50 685 (18.4)
-1.3
46 015 (18.2) 73 087 (19.3)
-2.9
Aspirin
33 039 (12.2) 36 135 (13.1)
-2.8
29 701 (11.7) 51 227 (13.5)
-5.4
NSAIDs
63 935 (23.6) 65 268 (23.7)
-0.3
61 222 (24.2) 91 570 (24.2)
0.0
Statins
32 915 (12.1) 36 751 (13.4)
-3.6
25 335 (10.0) 42 782 (11.3)
-4.2
Photosensitising agents
22 567 (8.3)
26 324 (9.6)
-4.3
24 189 (9.5)
44 468 (11.7)
-7.1
Comorbidities
Arterial hypertension
228 005 (84.1) 231 831 (84.2) -0.4 210 903 (83.2) 314 156 (82.9)
1.0
Myocardial infarction
5 695 (2.1)
6 959 (2.5)
-2.8
4 282 (1.7)
7 595 (2.0)
-2.3
Ischemic heart disease
14 366 (5.3)
14 984 (5.4)
-0.6
15 748 (6.2)
27 304 (7.2)
-3.9
Heart failure
3 498 (1.3)
5 037 (1.8)
-4.4
1 307 (0.5)
2 442 (0.6)
-1.7
Diabetes mellitus
18 857 (7.0)
21 306 (7.7)
-3.0
8 577 (3.4)
14 237 (3.8)
-2
COPD
7 801 (2.9)
8 570 (3.1)
-1.4
7 942 (3.1)
14 352 (3.8)
-3.6
CCI-score, mean (SD)
0.46 (0.80)
0.50 (0.81)
-5.9
0.39 (0.69)
0.42 (0.71)
-4.3
Abbreviations: BMI, body mass index; CCBs, calcium channel blockers; CCI, Charlson comorbidity index; COPD,
chronic obstructive pulmonary disease; GP, general practitioner; NSAIDs, non-steroidal anti-inflammatory drugs;
PS, propensity score; RAASi, renin-angiotensin-aldosterone system inhibitors; SD, standard deviation; Std Diff,
absolute standardised difference; TZs, thiazides and thiazide-like diuretics
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Absolute and relative risks
Crude and PS-weighted IRs for all skin cancer types are displayed in Table 5.1-2 and Table 5.1-IV.
Table 5.1-2. PS-weighted IRs (95% CI) of BCC, SCC, and CMM among users of TZs overall and HCTZ,
BFT, and indapamide separately; and of users of the comparator drug (CCBs or RAASi).
CCB comparison
PS-weighted
No. (%) of
IR per
events
py
100 000 py

RAASi comparison
PS-weighted
No. (%) of
IR per
events
py
100 000 py

Short-term
Long-term

3 988 (1.5)
2 014 (2.0)

866 045
505 982

460 (446-475)
398 (381-415)

4 006 (1.6) 739 854
1 691 (2.1) 354 201

HCTZ

Short-term
Long-term

221 (1.6)
81 (1.8)

50 096
24 201

441 (383-499)
335 (262-408)

BFT

Short-term
Long-term

3 661 (1.6)
1 757 (2.0)

781 876
437 142

468 (453-483)
402 (383-421)

269 (1.3)
103 (2.2)

51 399
29 422

523 (461-586)
350 (282-418)

4 229 (2.5)
2 153 (2.0)

872 945
573 452

484 (470-499)
375 (360-391)

Short-term
Long-term

567 (0.2)
371 (0.4)

871 458
513 464

65 (60-70)
72 (65-80)

611 (0.2)
308 (0.4)

744 596
359 842

82 (76-89)
86 (76-95)

HCTZ

Short-term
Long-term

35 (0.3)
35 (0.8)

50 577
24 481

69 (46-92)
143 (96-190)

31 (0.5)
19 (1.6)

26 853
6 077

115 (75-156)
313 (172-453)

BFT

Short-term
Long-term

510 (0.2)
309 (0.4)

786 818
443 659

65 (59-70)
70 (62-77)

569 (0.2)
270 (0.4)

693 482
321 313

82 (75-89)
84 (74-94)

Indapamide Short-term
Long-term

41 (0.2)
18 (0.4)

51 918
29 835

79 (55-103)
60 (32-88)

37 (0.2)
10 (0.2)

33 569
14 389

110 (75-146)
69 (26-113)

534 (0.3)
363 (0.3)

878 993
583 970

61 (56-66)
62 (56-69)

571 (0.3) 903 259
680 (0.4) 1 018 831

63 (58-68)
67 (62-72)

Duration of
use
Basal cell carcinoma
TZs

Indapamide Short-term
Long-term
Comparator

Short-term
Long-term

131 (2.0)
41 (3.5)

541 (525-558)
477 (455-500)

26 582
5 952

493 (408-577)
689 (478-900)

3 814 (1.6) 688 781
1 511 (2.1) 316 263

554 (536-571)
478 (454-502)

224 (1.3)
59 (1.4)

33 216
14 185

674 (586-763)
416 (310-522)

5 018 (2.7) 898 320 559 (543-574)
3 876 (2.0) 1 002 134 387 (375-399)

Squamous cell carcinoma
TZs

Comparator

Short-term
Long-term

Cutaneous malignant melanoma
TZs

Short-term
Long-term

623 (0.2)
313 (0.3)

870 526
512 506

72 (66-77)
61 (54-68)

609 (0.2)
230 (0.3)

743 873
359 227

82 (75-88)
64 (56-72)

HCTZ

Short-term
Long-term

33 (0.2)
14 (0.3)

50 524
24 454

65 (43-88)
57 (27-87)

22 (0.3)
(n<5)

26 813
6 081

82 (48-116)
-

BFT

Short-term
Long-term

564 (0.2)
270 (0.3)

785 980
442 791

72 (66-78)
61 (54-68)

576 (0.2)
201 (0.3)

692 768
320 761

83 (76-90)
63 (54-71)

Indapamide Short-term
Long-term

45 (0.2)
23 (0.5)

51 819
29 802

87 (61-112)
77 (46-109)

31 (0.2)
11 (0.3)

33 517
14 381

92 (60-125)
76 (31-122)

Comparator

Short-term
563 (0.3)
878 314
64 (59-69)
713 (0.4) 902 560
79 (73-85)
Long-term
350 (0.3)
583 222
60 (54-66)
508 (0.3) 1 017 286 50 (46-54)
Abbreviations: BCC, basal cell carcinoma; CCBs, calcium channel blockers; CI, confidence interval; CMM, cutaneous malignant melanoma; HCTZ, hydrochlorothiazide; IR, incidence rate; PS, propensity score; py, person-years;
RAASi, renin-angiotensin-aldosterone system inhibitors; SCC, squamous cell carcinoma; TZs, thiazides and
thiazide-like diuretics
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Basal cell carcinoma
Before PS weighting, 2.2% of all TZ users (in the CCB and RAASi comparisons) had a diagnosis of
BCC compared to 1.5% of all CCB and RAASi users (Table 5.1-IV).
In the CCB comparison, we observed weighted IRRs of BCC of 1.24 (95% CI, 1.17 to 1.31) for shortterm and 1.17 (95% CI, 1.10 to 1.23) for long-term TZ use. Results were not meaningfully different for
BFT, indapamide, and HCTZ separately (Figure 5.1-3). Crude IRRs are presented in Table 5.1-IV.
In the RAASi comparison, PS-weighted IRRs for TZs overall, BFT, and indapamide were similar, yet
slightly higher compared to IRRs in the CCB comparison. Long-term use of HCTZ, however, was
associated with a distinctly increased risk of BCC compared to long-term use of RAASi (PS-weighted
IRR, 1.64; 95% CI, 1.51 to 1.77) (Figure 5.1-3).
Squamous cell carcinoma
Before PS weighting, 0.3% (CCB comparison) and 0.4% (RAASi comparison) of all TZ users had a
diagnosis of SCC of the skin recorded during follow-up compared with 0.2% of all CCB and RAASi
users. In long-term users of HCTZ, 0.8% (CCB comparison) and 1.6% (RAASi comparison) developed
SCC during follow-up. In contrast, the proportions of patients with SCC among long-term CCB and
RAASi users were 0.3% in each (Table 5.1-IV).
Compared with CCB users, PS-weighted IRRs were not markedly increased for short-term (IRR 1.07;
95% CI, 1.05 to 1.09) or long-term (IRR 1.15; 95% CI, 1.12 to 1.18) users of TZs overall (Figure 5.1-3).
However, for users of HCTZ, the IRR of SCC was slightly increased for short-term (IRR 1.29;
95% CI, 1.24 to 1.35) and increased by two-fold for long-term use (IRR 1.95; 95% CI, 1.87 to 2.02).
The weighted RD in long-term users of HCTZ (vs. CCB) was 87.4 (95% CI, 39.7 to 135.2) events of
SCC per 100 000 person-years (py), resulting in a NNH of 1 144 per year of long-term HCTZ use. The
IRRs for BFT and indapamide were close to the null (Figure 5.1-3).
Compared with RAASi users, IRRs for SCC were 1.76 (95% CI, 1.71 to 1.82) in short-term and 2.70
(95% CI, 2.61 to 2.79) in long-term users of HCTZ (Figure 5.1-3). The higher IRRs in the RAASi
comparison versus the comparison with CCBs were mainly driven by higher IRs in TZ users and
not by lower IRs in the comparator group (Table 5.1-2). We observed a PS-weighted RD of 255.6
(95% CI, 115.0 to 396.3) events per 100 000 py, resulting in a NNH of 391 per year of long-term HCTZ
use.
Cutaneous malignant melanoma
Overall, a diagnosis of CMM during follow-up was recorded in 0.3% of all TZ users (in both comparisons) and 0.2% of all CCB and RAASi users before PS weighting (Table 5.1-IV).
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In the CCB comparison, PS-weighted overall IRRs were 1.11 (95% CI, 1.09 to 1.13) for short-term and
1.02 (95% CI, 0.99 to 1.05) for long-term TZ use. In long-term users of indapamide, we observed an
increased risk of CMM (weighted IRR, 1.43; 95% CI, 1.35 to 1.50). The RD was 26.8 (95% CI, -5.4
to 59.0) events of CMM per 100 000 py for long-term indapamide use. There was no increased risk associated with HCTZ use irrespective of treatment duration. For BFT, a small increased risk was found
only in short-term users (IRR, 1.36; 95% CI, 1.23 to 1.48) (Figure 5.1-3).
In the RAASi comparison, weighted IRRs were slightly higher than in the CCB analysis, but again only
indapamide was associated with a meaningfully increased IRR of CMM in long-term users (1.48;
95% CI, 1.39 to 1.57), with a RD of 29.1 (95% CI, -16.4 to 74.6) events per 100 000 py. Short-term use
of BFT was associated with a slightly increased risk of 1.24 (95% CI, 1.21 to 1.27), while the effect
estimate for long-term use was close to the null (Figure 5.1-3).

Abbreviations: BCC, basal cell carcinoma; BFT, bendroflumethiazide; CCBs, calcium channel blockers; CI,
confidence interval; CMM, cutaneous malignant melanoma; HCTZ, hydrochlorothiazide; IRR, incidence rate ratio;
PS, propensity score; RAASi, renin-angiotensin-aldosterone system inhibitors; SCC, squamous cell carcinoma;
TZs, thiazides and thiazide-like diuretics

Figure 5.1-3. Association between risk of skin cancer (BCC, SCC, and CMM) and use of TZs overall
and HCTZ, BFT, and indapamide separately compared to use of CCBs or RAASi.

Subgroup and sensitivity analyses
Detailed results of subgroup and sensitivity analyses can be found in Table 5.1-3 and supplementary
Tables 5.1-V to 5.1-VII.
Age did not modify risk estimates in either comparison (Table 5.1-3 and Table 5.1-V). When we stratified the CCB comparison analysis by sex, we observed an increased risk of SCC with long-term use of
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HCTZ in women only (weighted IRR, 2.44; 95% CI, 2.36 to 2.52) (Table 5.1-3). In contrast, sex was
not an effect modifier for BCC in long-term users of HCTZ. Small sample size prevented analysis of
CMM. In the RAASi comparison analysis, results were the same for BCC, but could not be computed
for SCC and CMM due to small sample size. Analyses for BFT and indapamide are shown in
Table 5.1-V and were not meaningfully different from the overall results.
Table 5.1-3. PS-weighted IRs and associations between long-term use of HCTZ (≥ 20 prescriptions)
and risk of skin cancer (BCC, SCC, and CMM) with 95% CIs in the CCB and RAASi comparison
according to patient subgroups.
CCB comparison

RAASi comparison

py

PS-weighted
IR per
100 000 py

PS-weighted
IRR

No. of
events

9 477
14 733
15 021
9 180
20 690

369 (247-492)
312 (222-402)
166 (101-232)
610 (450-770)
333 (255-412)

0.96 (0.81-1.11)
1.08 (0.96-1.21)
1.12 (1.01-1.23)
1.09 (0.92-1.25)
1.00 (0.89-1.10)

12
29
7
34
35

9 564
63 (13-113)
14 926 194 (124-265)
15 130
46 (12-81)
9 351 410 (189-410)
20 938 129 (80-178)

0.83 (0.65-1.01)
2.44 (2.36-2.52)
2.08 (2.00-2.17)
2.01 (1.89-2.14)
1.85 (1.77-1.94)

1.38 (1.25-1.50)
1.37 (1.26-1.48)
0.84 (0.71-0.97)

No. of
events

py

PS-weighted
IR per
100 000 py

PS-weighted
IRR

Basal cell carcinoma
Men
Women
< 70 y
≥ 70 y
Hypertension

35
46
25
56
69

1 019 1 178 (512-1 845)
4 933 588 (374-802)
2 679
261 (68-455)
3 273 1 039 (690-1 388)
4 048 865 (578-1 151)

2.05 (1.80-2.29)
1.51 (1.33-1.68)
1.66 (1.48-1.83)
1.45 (1.23-1.67)
1.70 (1.54-1.85)

(n<5)
16
6
13
11

1 030
5 047
2 699
3 378
4 137

317 (162-472)
222 (44-400)
385 (176-594)
266 (109-423)

2.79 (2.69-2.90)
3.13 (3.03-3.23)
1.20 (1.03-1.38)
2.29 (2.16-2.42)

(n<5)
(n<5)
(n<5)
(n<5)
(n<5)

1 042
5 039
2 699
3 382
4 137

-

-

Squamous cell carcinoma
Men
Women
< 70 y
≥ 70 y
Hypertension

6
29
7
28
27

Cutaneous malignant melanoma
Men
Women
< 70 y
≥ 70 y
Hypertension

(n<5)
11
10
(n<5)
10

9 571
14 892
15 093
9 361
20 908

74 (30-118)
66 (25-107)
48 (18-77)

Abbreviations: BCC, basal cell carcinoma; CI, confidence interval; CMM, cutaneous malignant melanoma; HCTZ,
hydrochlorothiazide; IR, incidence rate; IRR, incidence rate ratios; PS, propensity score; py, person-years; SCC,
squamous cell carcinoma; y, years of age

The results were not materially different in the subgroup analysis restricted to patients with arterial
hypertension (Table 5.1-3 and Table 5.1-V).
Overall, restricting the maximum follow-up to 10 years resulted in slightly lower PS-weighted IRR in
both comparisons, with a weighted IRR for SCC in long-term HCTZ users of 1.68 (95% CI, 1.60 to 1.76)
in the CCB comparison and of 2.35 (95% CI, 2.24 to 2.46) in the RAASi comparison (Table 5.1-VI).
The negative control analysis revealed a slightly increased risk of BCC, SCC, and CMM in CCB users
compared with RAASi users, with an overall PS-weighted IRR of 1.36 (95% CI, 1.32 to 1.41) for BCC,
1.21 (95% CI, 1.19 to 1.23) for SCC, and 1.14 (95% CI, 1.12-1.15) for CMM, in the absence of a doseresponse effect (Table 5.1-VII).
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Discussion

In this cohort study, we observed a dose-dependent increased risk of SCC in users of HCTZ. The risk
of BCC and CMM was not consistently increased for HCTZ compared to CCBs or RAASi. Long-term
use of indapamide was associated with a moderately increased risk of CMM, but did not alter the risk
of SCC or BCC. For BFT, we did not observe a consistent pattern indicating an increased risk of skin
cancer; the few individual statistically significant increased IRRs are likely neither causal nor clinically
important.
We observed a 1.95-fold (vs. CCB) to 2.7-fold (vs. RAASi) increased risk of SCC in long-term HCTZ
users. Pedersen and colleagues, who investigated the risk of skin cancer in association with HCTZ in a
prior Danish case-control study, reported a higher 4-fold increased risk for SCC of the skin when comparing patients with a high cumulative dose of ≥ 50 000 mg HCTZ (corresponding to 20 prescriptions
of 100 tablets each) to non-users of HCTZ.155 Morales et al. replicated this study in a UK population
and observed similar results (additionally adjusted for BMI and smoking status) for SCC (IRR, 3.05;
95% CI, 1.93 to 4.81).167 The lower effect estimates in our study may be explained by our study design;
we applied a new user cohort design to emulate the design of an RCT and to minimise prevalent user
bias.50, 51 Furthermore, the use of active comparator groups (CCBs and RAASi) aimed to establish treatment equipoise between groups.50, 51 Patients who do not initiate a drug and/or do not have a chronic
disease (i.e., non-users) may be fundamentally different from users with regard to health care utilisation,
potentially causing surveillance bias.155, 156, 158, 167 Consequently, although the results of the previous
case-control studies are consistent, the observed risk estimates may be somewhat overestimated. Based
on relatively small numbers, we additionally observed that the increased risk of SCC associated with
long-term use of HCTZ was only present in women and not in men. This pattern was also found by both
Pedersen and Morales et al.155, 167 A combination of thinner skin and increased UV seeking behaviour
among women compared to men may confer higher susceptibility to the effects of photosensitising
drugs.168, 169 We did not find a consistent association between long-term use of HCTZ and the risk of
BCC and CMM. The studies of Pedersen and Morales et al., as well as a Danish case-control study of
Pottegård et al. (investigating the risk of high cumulative-dose use of HCTZ and the risk of CMM) also
reported no or only a moderate risk increase related to HCTZ.155, 156, 167 Compared to BCC and CMM,
SCC is mainly associated with cumulative (rather than intermittent) UV exposure, which is consistent
with our observed association between long-term use of HCTZ and the risk of SCC.170
Indapamide was not associated with BCC or SCC, which is consistent with the existing literature.158-160
However, the risk of CMM was 43% (vs. CCB) to 48% (vs. RAASi) increased among long-term users
of indapamide. This potential association has also been reported in one Danish case-control study, which
investigated ever-use of indapamide compared with non-use.160 However, both our and their findings
are based on a small number of CMM events.
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BFT comprised the majority of all new TZ use in the study population; 87.6% in the CCB comparison
and 90.5% in the RAASi comparison. Use of BFT was not causally associated with any type of skin
cancer in our study. Most risk estimates were close to the null, and individual moderately increased risks
either lacked a dose-response relationship (e.g., for SCC) and/or were only present in the RAASi comparison (e.g., for SCC and CMM). Such inconsistencies may be explained by chance findings or residual
confounding. Accordingly, Pedersen et al. did not observe an increased risk of BCC or SCC for BFT
(CMM not evaluated).155 BFT and HCTZ have a similar chemical structure, and both hold photosensitising properties. BFT, however, has a 20-fold stronger diuretic potency compared to HCTZ and is
taken in lower doses.171, 172 It has been postulated for other photosensitising drugs (e.g., NSAIDS), that
the cancer-inducing potency may correlate with blood concentration rather than with the therapeutic
effect.151
We consistently observed higher IRRs of skin cancer in the RAASi comparison than in the CCB comparison. This finding was mainly attributable to higher IRs in TZ users in the RAASi comparison in
which there was a smaller number of HCTZ users than in the CCB comparison, because patients with
combined use of HCTZ and a RAASi, a frequent combination therapy, were excluded. Thus, this analysis likely represents a less generalizable study population than the CCB analysis.
The negative control analysis revealed slightly elevated IRR (10% to 36%) for all types of skin cancer
when comparing CCB vs. RAASi. An increased risk of skin cancer for CCBs as well as an antineoplastic
effect of RAASi have been proposed, but results are inconsistent.173-175 The absence of a dose-response
relationship in our negative control analysis suggests that this effect is likely not causal. However, it demonstrates that the choice of comparator group has a strong influence on the results.
Strengths and limitations
Our study design adhered to key principles of pharmacoepidemiological methods and was based on a
large and representative study population. Results were robust throughout several sensitivity analyses,
and specific dose-response effects corroborate causality of the association between HCTZ and SCC.
However, some limitations should be considered. First, the CPRD lacks information on sun exposure,
skin characteristics and SeS. However, we applied active comparator groups to minimise differences in
life-style between groups. We further included the region of the GP practice into the PS model to
approximate SeS and regional sun exposure. Second, unlike Pedersen et al., we were not able to determine the anatomic location of skin cancer events (sun-exposed vs. not). The algorithm used to approximate skin-specific SCC in our study may have excluded some cases. Third, we cannot rule out some
degree of outcome misclassification, as some patients (especially those with mild NMSC) may not have
sought medical attention. On the other hand, diagnoses of skin cancer may have been recorded by the
GP but not histologically confirmed later. Such non-differential misclassification could have introduced
a bias toward the null in our results. Forth, recorded TZ prescriptions do not necessarily reflect actual
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drug use. However, misclassification due to non-compliance is likely non-differential in a study design
using an active comparator group with a similar indication. Finally, the PS was calculated based on
baseline covariates measured before or at cohort entry. Given that skin cancer is a slowly developing
disease, we did not restrict follow-up time. Baseline covariates may have become imbalanced due to
censoring and loss to follow-up over time, and residual confounding cannot be ruled out with increasing
duration of follow-up. However, after restricting the follow-up to 10 years, results remained largely unchanged.
Implications for practice
Based on the two Danish case-control studies which reported a strong association between long-term
HCTZ use and SCC,155, 158 the EMA recommended an amendment of the product information of HCTZcontaining products in 2018 to inform patients and health professionals of the risk of NMSC, and to
advise patients to check their skin regularly.157 Our results support these recommendations and show
that one case of SCC may be prevented for every 391 to 1 144 patients who avoid long-term HCTZ use
every year. There has been debate about whether and which alternative TZs are safer than HCTZ with
regard to skin cancer. Our finding of a potentially 43% increased risk of CMM in association with longterm use of indapamide needs to be confirmed in future studies. However, this finding is biologically
plausible and should be considered carefully, given the more severe clinical implications and higher
mortality associated with CMM compared to NMSC.176, 177 This and some prior studies suggest that BFT
is safer than other TZs with regard to skin cancer and may be considered as an alternative to HCTZ and
indapamide, especially for patients with a (family) history of skin cancer. While BFT is already the most
frequently used TZ in the UK and some Scandinavian countries,155, 167 it is not licensed in many other
countries, leading to a primary use of indapamide, HCTZ, or chlorthalidone, another thiazide-like diuretic agent for which no data are available regarding skin cancer risk (owing to infrequent numbers of
events preventing sufficiently powered analyses).
Conclusions
Our results support previous reports that suggest a possible increased risk of SCC in association with
long-term use of HCTZ. They further suggest that this association is not a class effect, but rather specific
to HCTZ. The increased risk of CMM in long-term users of indapamide needs to be further investigated,
given the poor survival of CMM if diagnosed at advanced stages. BFT, which is the most frequently
used TZ in the UK, but not in many other countries, seems to be safer than other TZs in terms of skin
cancer risk.
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Supplementary materials

Abbreviations: BCC, basal cell carcinoma; CMM, cutaneous malignant melanoma; No,
number; SCC, squamous cell carcinoma; TZ, thiazides and thiazide-like diuretics

Figure 5.1-I. Distribution of patients with prescriptions for TZs and events of skin
cancer in the CCB comparison according to number of prescriptions. As there
were not many patients with 10 to 19 prescriptions for TZs contributing follow-up,
we decided not to look at short-term, medium-term, and long-term use, but to
focus on two intervals instead, i.e., short-term use for 1 to 19 prescriptions and
long-term use for 20 or more prescriptions.
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Table 5.1-I. List of 23 baseline characteristics used for PS fine stratification.
Types of data

Baseline characteristic

Binary

Sex
≥ 1 prescription for a photosensitising or phototoxic drug within one year prior to the
CED (i.e., retinoids, quinolines, sulphonamides, tetracyclines, ACE inhibitors, nifedipine, furosemide, carbamazepine, lamotrigine, azathioprine, St. John’s wort, and
amiodarone)
Comedication: ≥ 1 prescription for aspirin, NSAID, statins, beta-blocker, RAASi (in
the RAASi comparison), or CCB (in in the CCB comparison) within one year prior
to the CED
Comorbidities: diabetes, COPD, myocardial infarction, ischaemic heart disease,
congestive heart failure, or arterial hypertension any time prior to the CED

Categorical (nominal)

Year of cohort entry (each year represents one category, 1998-2017)
Region (Scotland; Northeast, Northwest, Yorkshire, Northern Ireland; East Midlands,
West Midlands, Wales; East, Southwest, South Central, London, Southeast Coast;
or unknown)
Lifestyle factors: smoking status (never, current, past, or unknown), alcohol consumption in average alcohol units per week (none, 0.1-13.9, ≥ 14.0, or unknown),
BMI (< 18.5 kg/m2, underweight; 18.5-24.9 kg/m2, normal-weight;
25.0-29.9 kg/m2, overweight; 30.0-59.9 kg/m2, obese; or other/missing)

Discrete

Number of days of history within the CPRD prior to the CED
Number of GP visits in the year prior to the CED
Number of different prescribed agents in the year prior to the CED

Continuous

Age
Charlson comorbidity index based on 17 comorbidity categories

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index; CCB, calcium channel blocker; CED,
cohort entry date; COPD, chronic obstructive pulmonary disease; GP, general practitioner; NSAID, non-steroidal
anti-inflammatory drug; PS, propensity score; RAASi, renin-angiotensin-aldosterone system inhibitor
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Table 5.1-II. Baseline characteristics of new users of TZs and the active comparator group (CCB or
RAASi) before PS weighting.
CCB comparison, n (%)
Std
Diff (%)

RAASi comparison, n (%)

Std
Variable
TZs
CCB
TZs
RAASi
Diff (%)
No.
271 155
275 264
253 377
379 247
Age, mean (SD)
61.3 (13.3)
60.0 (13.5)
9.6
62.1 (13.4)
59.4 (13.2)
20.5
Women
168 539 (62.2) 133 608 (48.5) 27.7 164 242 (64.8) 160 115 (42.2) 46.5
Region
South
76 786 (28.3) 88 246 (32.1)
-8.2
73 045 (28.8) 115 751 (30.5) -3.7
North
194 369 (71.7) 187 018 (67.9)
8.2
180 332 (71.2) 263 496 (69.5)
3.7
BMI, mean (SD)
28.3 (5.7)
28.4 (5.8)
-1.8
28.0 (5.5)
29.0 (5.9)
-18.2
Smoking status
Non-smoker
129 695 (47.8) 122 764 (44.6)
6.5
121 862 (48.1) 164 888 (43.5)
9.3
Current smoker
49 350 (18.2) 51 543 (18.7)
-1.4
46 181 (18.2) 73 356 (19.3)
-2.9
Past smoker
66 567 (24.5) 86 984 (31.6) -15.7 60 626 (23.9) 120 612 (31.8) -17.6
Unknown
25 543 (9.4)
13 973 (5.1)
16.8
24 708 (9.8)
20 391 (5.4)
16.6
Alcohol status
Never
98 542 (36.3) 94 520 (34.3)
4.2
93 884 (37.1) 126 643 (33.4)
7.7
Current
106 048 (39.1) 114 649 (41.7) -5.2
98 407 (38.8) 157 518 (41.5) -5.5
Past
21 993 (8.1) 28 646 (10.4)
-7.9
18 859 (7.4) 42 236 (11.1) -12.8
Unknown
44 572 (16.4) 37 449 (13.6)
7.9
42 227 (16.7) 52 850 (13.9)
7.6
Year of cohort entry
1998-2002
123 535 (45.6) 57 734 (21.0)
54.1 121 499 (48.0) 82 883 (21.9)
56.9
2003-2007
105 337 (38.8) 73 900 (26.8)
25.8
93 542 (36.9) 127 120 (33.5)
7.1
2008-2012
33 844 (12.5) 84 181 (30.6) -45.1 29 529 (11.7) 108 485 (28.6) -43.1
2012-2017
8 438 (3.1)
59 448 (21.6) -58.5
8 805 (3.5)
60 628 (16.0) -43.1
No. of different prescribed
19.5 (29.5)
25.6 (36.4)
-18.2
18.4 (28)
24.3 (34)
-18.9
agents, mean (SD)
Recorded history, mean (SD), y
9.6 (4.7)
11.8 (6.2)
-40
9.7 (4.7)
11.5 (5.8)
-34.8
No. of GP visits (365 d prior),
9.1 (8.2)
11.9 (9.8)
-30.3
8.8 (7.8)
11.5 (9.4)
-31.8
mean (SD)
Comedication (365 d prior)
CCBs
34 887 (13.8) 73 237 (19.3)
-15
RAASi
51 881 (19.1) 84 101 (30.6) -26.7
Beta-blockers
48 549 (17.9) 56 733 (20.6)
-6.9
46 015 (18.2) 73 823 (19.5)
-3.3
Aspirin
33 039 (12.2) 50 306 (18.3) -17.0 29 701 (11.7) 72 466 (19.1) -20.6
NSAIDs
63 936 (23.6) 60 383 (21.9)
3.9
61 224 (24.2) 81 467 (21.5)
6.4
Statins
32 916 (12.1) 65 481 (23.8) -30.7 25 335 (10.0) 92 345 (24.4) -38.8
Photosensitising agents
22 567 (8.3) 29 049 (10.6)
-7.6
24 189 (9.6) 53 675 (14.2) -14.3
Comorbidities
Arterial hypertension
228 005 (84.1) 231 047 (83.9)
0.4
210 904 (83.2) 322 806 (85.1) -5.2
Myocardial infarction
5 695 (2.1)
13 420 (4.9)
-15.2
4 282 (1.7)
39 530 (10.4) -37.2
Ischemic heart disease
14 366 (5.3) 31 858 (11.6) -22.7
15 748 (6.2) 54 529 (14.4) -27.1
Heart failure
3 498 (1.3)
4 747 (1.7)
-3.6
1 307 (0.5)
14 642 (3.9)
-23.0
Diabetes mellitus
18 858 (7)
32 738 (11.9) -17.0
8 577 (3.4)
73 412 (19.4) -52.0
COPD
7 801 (2.9)
11 401 (4.1)
-6.9
7 942 (3.1)
14 703 (3.9)
-4.0
CCI-score, mean (SD)
0.46 (0.80)
0.64 (1.00)
-20.6
0.39 (0.69)
0.79 (1.02)
-45.9
Abbreviations: BMI, body mass index; CCBs, calcium channel blockers; CCI, Charlson comorbidity index; COPD,
chronic obstructive pulmonary disease; GP, general practitioner; NSAIDs, non-steroidal anti-inflammatory drugs;
PS, propensity score; RAASi, renin-angiotensin-aldosterone system inhibitors; SD, standard deviation; Std Diff,
absolute standardised difference; TZs, thiazides and thiazide-like diuretics
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Table 5.1-III. Overall mean follow-up from cohort entry until first censoring date (excluding
BCC, SCC, and CMM) and median number of prescriptions during follow-up for TZs and the
comparators (CCB or RAASi).
CCB comparison

RAASi comparison

Exposure
Crude
PS-weighted
Crude
PS-weighted
Mean follow-up in days, n (SD)
TZ
1 865 (1 677)
1 865 (1 677)
1 591 (1 567)
1 591 (1 567)
HCTZ
2 007 (1 718)
2 007 (1 718)
1 831 (1 830)
1 831 (1 830)
BFT
1 894 (1 686)
1 894 (1 686)
1 596 (1 567)
1 596 (1 567)
Indapamide
1 406 (1 395)
1 406 (1 395)
1 039 (1 187)
1 039 (1 187)
Comparator
1 574 (1 463)
1 941 (1 728)
1 689 (1 457)
1 851 (1 678)
Median no. of prescriptions, n (IQR)
TZ
10 (2-34)
10 (2-34)
8 (2-27)
8 (2-27)
HCTZ
8 (2-30)
8 (2-30)
2 (1-11)
2 (1-11)
BFT
9 (2-32)
9 (2-32)
7 (2-26)
7 (2-26)
Indapamide
9 (2-28)
9 (2-28)
6 (2-20)
6 (2-20)
Comparator
11 (3-34)
11 (3-40)
22 (7-51)
20 (5-55)
Abbreviations: BFT, bendroflumethiazide; HCTZ, hydrochlorothiazide; IQR, interquartile range; PS,
propensity score; SD, standard deviation; TZs, thiazides and thiazide-like diuretics
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Table 5.1-IV. Crude IRs and association between risk of skin cancer (BCC, SCC, and CMM) and use of TZs overall
and HCTZ, BFT, and indapamide separately in the CCB and RAASi comparison.
Duration
of use
Basal cell carcinoma
TZs
Ever
Short-term
Long-term

No. (%) of
events

CCB comparison
Crude IR
py
(95% CI)

6 002 (2.2) 1 372 029 437 (426-449)
3 988 (1.5) 866 047 460 (446-475)
2 014 (2.0) 505 982 398 (381-415)

1.22 (1.17-1.27)
1.24 (1.18-1.30)
1.18 (1.10-1.26)

5 697 (2.2) 1 094 060 521 (507-534) 1.64 (1.58-1.70)
4 006 (1.6) 739 857 541 (525-558) 1.57 (1.49-1.64)
1 691(2.1) 354 203 477 (455-500) 1.64 (1.54-1.74)

Ever
Short-term
Long-term

406 (361-452)
441 (383-499)
334 (262-407)

1.13 (1.01-1.27)
1.19 (1.04-1.36)
0.99 (0.79-1.24)

BFT

Ever
5 508 (2.3) 1 229 842 448 (436-460)
Short-term 3 759 (1.6) 796 464 472 (457-487)
Long-term 1 749 (2.0) 432 500 404 (385-423)

1.25 (1.20-1.30)
1.27 (1.21-1.34)
1.20 (1.12-1.28)

372 (1.8)
269 (1.3)
103 (2.2)

74 321
50 103
24 218

No. (%) of
events

HCTZ

Indapamide Ever
Short-term
Long-term

302 (2.2)
221 (1.6)
81 (1.8)

80 828
51 406
29 422

460 (413-507)
523 (461-586)
350 (282-418)

Comparator Ever
4 214 (1.5) 1 175 763 358 (348-369)
Short-term 2 757 (1.0) 743 884 371 (357-384)
Long-term 1 457 (1.4) 431 878 337 (320-355)
Squamous cell carcinoma
TZs
Ever
938 (0.3) 1 384 923
68 (63-72)
Short-term 567 (0.2)
65 (60-70)
871 459
Long-term 371 (0.4)
513 464
72 (65-80)

RAASi comparison
Crude IR
py
(95% CI)

Crude IRR
(95% CI)

1.28 (1.15-1.43)
1.41 (1.25-1.60)
1.04 (0.85-1.27)
-

172 (2.6)
131 (2.0)
41 (3.5)

32 542
26 590
5 952

Crude IRR
(95% CI)

529 (450-608) 1.66 (1.43-1.93)
493 (408-577) 1.43 (1.20-1.70)
689 (478-900) 2.36 (1.74-3.22)

5 325 (2.3) 1 005 048 530 (516-544) 1.67 (1.60-1.73)
3 814 (1.6) 688 783 554 (536-571) 1.60 (1.53-1.68)
1 511 (2.1) 316 265 478 (454-502) 1.64 (1.54-1.75)
283 (1.7)
224 (1.3)
59 (1.4)

47 402
33 217
14 185

597 (527-667) 1.88 (1.67-2.12)
674 (586-763) 1.95 (1.70-2.24)
416 (310-522) 1.43 (1.10-1.85)

5 531 (1.5) 1 739 677 318 (310-326)
2 949 (0.8) 853 288 346 (333-358)
2 582 (1.3) 886 389 291 (280-303)

1.17 (1.06-1.29)
1.17 (1.03-1.33)
1.17 (1.00-1.37)

919 (0.4)
611 (0.2)
308 (0.4)

1 104 442
744 599
359 844

83 (78-89)
82 (76-89)
86 (76-95)

1.63 (1.48-1.78)
1.87 (1.65-2.13)
1.47 (1.28-1.69)

HCTZ

Ever
Short-term
Long-term

70 (0.5)
35 (0.3)
35 (0.8)

75 082
50 584
24 498

93 (71-115)
69 (46-92)
143 (96-190)

1.61 (1.26-2.07)
1.25 (0.88-1.76)
2.32 (1.63-3.30)

50 (0.8)
31 (0.5)
19 (1.6)

32 938
26 861
6 077

BFT

Ever
Short-term
Long-term

832 (0.3)
524 (0.2)
308 (0.4)

1 241 687
801 836
439 832

67 (62-72)
65 (60-71)
70 (62-78)

1.16 (1.05-1.28)
1.18 (1.04-1.34)
1.14 (0.97-1.34)

839 (0.4)
569 (0.2)
270 (0.4)

1 014 800
693 485
321 315

83 (77-88)
82 (75-89)
84 (74-94)

1.62 (1.47-1.78)
1.87 (1.64-2.13)
1.45 (1.25-1.67)

Indapamide Ever
Short-term
Long-term

59 (0.3)
41 (0.2)
18 (0.4)

81 760
51 925
29 835

72 (54-91)
79 (55-103)
60 (32-88)

1.25 (0.96-1.63)
1.42 (1.03-1.96)
0.98 (0.61-1.58)

47 (0.3)
37 (0.2)
10 (0.2)

47 959
33 570
14 389

98 (70-126)
110 (75-146)
69 (26-113)

1.92 (1.43-2.57)
2.52 (1.80-3.53)
1.20 (0.64-2.23)

1 186 510
748 042
438 468

58 (53-62)
55 (50-61)
62 (54-69)

-

897 (0.2)
375 (0.1)
522 (0.3)

1 754 298
856 496
897 802

51 (48-54)
44 (39-48)
58 (53-63)

-

1 383 034
870 528
512 506

68 (63-72)
72 (66-77)
61 (54-68)

1.36 (1.23-1.51)
1.43 (1.26-1.62)
1.25 (1.05-1.49)

839 (0.3)
609 (0.2)
230 (0.3)

1 103 105
743 876
359 229

76 (71-81)
82 (75-88)
64 (56-72)

1.64 (1.49-1.81)
1.55 (1.37-1.75)
1.60 (1.36-1.89)

Comparator Ever
685 (0.2)
Short-term 415 (0.2)
Long-term 270 (0.3)
Cutaneous malignant melanoma
TZs
Ever
936 (0.3)
Short-term 623 (0.2)
Long-term 313 (0.3)

152 (110-194) 2.97 (2.23-3.95)
115 (75-156) 2.64 (1.83-3.80)
313 (172-453) 5.38 (3.40-8.50)

HCTZ

Ever
Short-term
Long-term

47 (0.3)
33 (0.2)
14 (0.3)

75 001
50 530
24 472

63 (45-81)
65 (43-88)
57 (27-87)

1.26 (0.94-1.70)
1.30 (0.91-1.86)
1.17 (0.68-2.01)

24 (0.4)
22 (0.3)
(n<5)

32 901
26 820
6 081

73 (44-102)
82 (48-116)
-

1.58 (1.05-2.37)
1.55 (1.01-2.38)
-

BFT

Ever
Short-term
Long-term

851 (0.4)
582 (0.2)
269 (0.3)

1 239 954
800 968
438 821

69 (64-73)
73 (67-79)
61 (54-69)

1.38 (1.24-1.53)
1.43 (1.27-1.65)
1.25 (1.05-1.50)

777 (0.3)
576 (0.2)
201 (0.3)

1 013 534
692 771
320 763

77 (71-82)
83 (76-90)
63 (54-71)

1.66 (1.50-1.83)
1.57 (1.39-1.78)
1.57 (1.32-1.87)

Indapamide Ever
Short-term
Long-term

68 (0.3)
45 (0.2)
23 (0.5)

81 628
51 826
29 802

83 (64-103)
87 (61-112)
77 (46-109)

1.68 (1.30-2.16)
1.73 (1.27-2.36)
1.58 (1.03-2.43)

42 (0.2)
31 (0.2)
11 (0.3)

47 899
33 518
14 381

88 (61-114)
92 (60-125)
76 (31-122)

1.90 (1.39-2.58)
1.75 (1.21-2.51)
1.92 (1.05-3.49)

Comparator Ever
Short-term
Long-term

589 (0.2)
375 (0.1)
214 (0.2)

1 185 682
747 622
438 059

50 (46-54)
50 (45-55)
49 (42-55)

-

811 (0.2)
453 (0.1)
358 (0.2)

1 752 918
856 075
896 843

46 (43- 49)
53 (48-58)
40 (36-44)

-

Abbreviations: BCC, basal cell carcinoma; BFT, bendroflumethiazide; CCBs, calcium channel blockers; CI, confidence interval;
CMM, cutaneous malignant melanoma; HCTZ, hydrochlorothiazide; IR, incidence rate; IRR, incidence rate ratio; py, person-years;
RAASi, renin-angiotensin-aldosterone system inhibitors; SCC, squamous cell carcinoma; TZs, thiazides and thiazide-like diuretics
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Table 5.1-V. PS-weighted IRs and associations between long-term use of TZs, BFT, and indapamide (≥ 20 prescriptions) and risk of skin cancer (BCC, SCC, and CMM) in the CCB and RAASi comparison according to patient subgroups.
CCB comparison
PS-weighted
IR per
PS-weighted
100 000 py
IRR

No. of
events

py

901
1 113
543
1471
1 816

175 969
330 008
274 637
231 345
453 815

512 (479-545)
337 (317-357)
198 (181-214)
636 (603-668)
400 (382-419)

771
978
464
1 293
1 583

146 283
287 076
232 586
204 557
389 627

57
46
29
74
93

Men
Women
< 70 y
≥ 70 y
Hypertension
Men
Women
< 70 y
≥ 70 y
Hypertension

RAASi comparison
PS-weighted
IR per
PS-weighted
100 000 py
IRR

No. of
events

py

1.29 (1.19-1.40)
1.29 (1.15-1.42)
1.22 (1.10-1.33)
1.16 (1.06-1.27)
0.86 (0.76-0.97)

692
999
380
1 311
1 536

107 146
247 052
167 302
186 899
312 972

646 (598-694)
404 (379-429)
227 (204-250)
701 (663-739)
491 (466-515)

1.65 (1.55-1.75)
1.49 (1.38-1.60)
1.19 (1.16-1.22)
1.18 (1.14-1.22)
1.17 (1.15-1.20)

527 (490-564)
341 (319-362)
199 (181-218)
632 (598-667)
406 (386-426)

1.13 (1.09-1.17)
1.02 (0.98-1.06)
1.13 (1.09-1.17)
1.09 (1.04-1.14)
1.04 (1.01-1.07)

622
889
339
1 172
1 372

95 114
221 146
148 876
167 387
280 509

654 (603-705)
402 (376-428)
228 (203-252)
700 (660-740)
489 (463-515)

1.67 (1.57-1.77)
1.47 (1.36-1.59)
1.20 (1.16-1.23)
1.18 (1.14-1.23)
1.45 (1.38-1.53)

13 038
16 384
16 229
13 193
27 007

437 (324-551)
281 (200-362)
179 (114-244)
561 (433-689)
344 (274-414)

1.08 (0.97-1.19)
0.89 (0.78-1.01)
1.00 (0.90-1.10)
1.06 (0.92-1.20)
0.98 (0.90-1.06)

27
32
13
46
53

4 713
9 472
6 190
7 995
12 816

573 (357-789)
338 (221-455)
210 (96-324)
575 (409-742)
414 (302-525)

1.24 (1.11-1.38)
0.95 (0.81-1.08)
1.15 (1.04-1.26)
1.03 (0.86-1.20)
1.05 (0.95-1.15)

191
180
57
314
324

178 956
334 503
276 781
236 683
460 567

107 (92-122)
54 (46-62)
21 (15-26)
133 (118-147)
70 (63-78)

1.19 (1.14-1.23)
1.13 (1.09-1.17)
1.16 (1.12-1.20)
1.25 (1.20-1.30)
1.67 (1.58-1.75)

141
167
41
267
277

109 276
250 562
168 645
191 196
317 962

129 (108-150)
67 (57-77)
24 (17-32)
140 (123-156)
87 (77-97)

1.36 (1.32-1.41)
1.18 (1.14-1.22)
1.19 (1.15-1.23)
1.21 (1.16-1.26)
1.16 (1.13-1.19)

169
139
44
265
274

148 853
290 979
234 417
209 242
395 443

114 (96-131)
48 (40-56)
19 (13-24)
127 (111-142)
69 (61-77)

1.23 (1.18-1.28)
1.00 (0.96-1.05)
1.08 (1.04-1.13)
1.22 (1.17-1.27)
1.11 (1.07-1.14)

128
142
32
238
248

97 045
224 265
150 084
171 229
284 980

132 (109-155)
63 (53-74)
21 (14-29)
139 (121-157)
87 (76-98)

1.39 (1.34-1.43)
1.14 (1.10-1.18)
1.25 (0.99-1.51)
1.20 (1.15-1.25)
1.16 (1.13-1.20)

9
9
(n<5)
16
16

13 234
16 601
16 336
13 498
27 390

68 (24-112)
54 (19-90)
119 (60-177)
58 (30-87)

0.83 (0.69-0.97)
1.17 (1.06-1.29)
1.17 (1.02-1.32)
0.99 (0.89-1.08)

(n<5)
6
(n<5)
9
9

4 790
9 599
6 232
8 157
12 997

63 (12-113)
110 (38-182)
69 (24-114)

1.06 (0.91-1.20)
0.91 (0.71-1.11)
0.92 (0.80-1.04)

Men
Women
< 70 y
≥ 70 y
Hypertension

133
180
128
185
288

178 688
333 814
276 315
236 191
459 676

74 (62-87)
54 (46-62)
46 (38-54)
78 (67-90)
63 (55-70)

1.04 (0.99-1.08)
0.98 (0.94-1.03)
1.08 (1.04-1.12)
0.97 (0.91-1.02)
0.75 (0.62-0.88)

95
135
77
153
214

109 053
250 171
168 408
190 819
317 416

87 (70-105)
54 (45-63)
46 (36-56)
80 (67-93)
67 (58-76)

1.30 (1.26-1.35)
1.27 (1.23-1.31)
1.35 (1.32-1.39)
1.09 (1.04-1.15)
1.20 (1.17-1.23)

Men
Women
< 70 y
≥ 70 y
Hypertension

113
156
108
162
250

148 605
290 363
234 020
208 771
394 648

76 (62-90)
54 (45-62)
46 (37-55)
78 (66-90)
63 (55-71)

1.06 (1.01-1.10)
0.96 (0.91-1.00)
1.06 (1.02-1.10)
0.99 (0.94-1.05)
1.02 (0.99-1.06)

83
118
65
136
187

96 851
223 908
149 882
170 879
284 500

86 (67-104)
53 (43-62)
43 (33-54)
80 (66-93)
66 (56-75)

1.30 (1.25-1.35)
1.25 (1.21-1.30)
1.30 (1.26-1.34)
1.13 (1.08-1.19)
1.18 (1.15-1.22)

Indapamide Men
Women
< 70 y
≥ 70 y
Hypertension

11
12
8
15
21

13 213
16 589
16 322
13 481
27 360

83 (34-132)
72 (31-113)
49 (15-83)
111 (55-168)
77 (44-110)

1.32 (1.21-1.44)
1.51 (1.40-1.61)
1.30 (1.20-1.39)
1.65 (1.52-1.78)
1.40 (1.32-1.48)

(n<5)
9
(n<5)
9
10

4 785
9 596
6 236
8 145
12 989

94 (33-155)
110 (38-183)
77 (29-125)

1.84 (1.74-1.95)
1.49 (1.33-1.65)
1.45 (1.35-1.55)

Basal cell carcinoma
TZs
Men
Women
< 70 y
≥ 70 y
Hypertension
BFT

Men
Women
< 70 y
≥ 70 y
Hypertension

Indapamide Men
Women
< 70 y
≥ 70 y
Hypertension
Squamous cell carcinoma
TZs

BFT

Indapamide Men
Women
< 70 y
≥ 70 y
Hypertension
Cutaneous malignant melanoma
TZs

BFT

Abbreviations: BCC, basal cell carcinoma; BFT, bendroflumethiazide; CI, confidence interval; CMM, cutaneous malignant melanoma; HCTZ, hydrochlorothiazide; IRR, incidence rate ratios; PS, propensity score; py, person-years; SCC, squamous cell carcinoma; TZs, thiazides and thiazide-like diuretics; y, years of age
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Table 5.1-VI. PS-weighted IRs and association between risk of skin cancer (BCC, SCC, and CMM) and
use of TZs overall and HCTZ, BFT, and indapamide separately (with 95% CI) in the CCB and RAASi
comparison with restricted maximum follow-up of 10 years.

Duration
of use

No. of
events

CCB comparison
PS-weighted
IR per
PS-weighted
py
100 000 py
IRR

No. of
events

RAASi comparison
PS-weighted
IR per
PS-weighted
py
100 000 py
IRR

Basal cell carcinoma
TZs

Short-term 3 521
Long-term 1 579
200
60

809 347 435 (421-449) 1.21 (1.14-1.29) 3 521
419 774 376 (358-395) 1.13 (1.04-1.21) 1 352

694 076 507 (491-524) 1.52 (1.45-1.59)
302 038 448 (424-471) 1.19 (1.16-1.22)

45 615
20 591

438 (378-499) 1.04 (0.99-1.10)
291 (218-365) 0.93 (0.82-1.03)

118
32

23 304
4 962

741 414 448 (433-463) 0.97 (0.95-0.99)
359 857 382 (362-403) 1.04 (1.01-1.07)

3355
1214

645 570 520 (502-537) 1.52 (1.45-1.60)
270 174 449 (424-475) 1.20 (1.17-1.23)

245
93

49 761
26 029

203
53

32 429
12 756

Short-term
Long-term

427
246

813 616
425 155

52 (48-57)
58 (51-65)

1.10 (1.08-1.12)
1.05 (1.01-1.08)

451
207

697 950
306 313

65 (59-71)
68 (58-77)

1.31 (1.29-1.33)
1.28 (1.25-1.31)

HCTZ

Short-term
Long-term

24
20

45 961
20 795

52 (31-73)
96 (54-138)

1.25 (1.19-1.31)
1.68 (1.60-1.76)

16
8

23 502
5 051

68 (35-101)
158 (49-268)

1.60 (1.54-1.66)
2.35 (2.24-2.46)

BFT

Short-term
Long-term

397
206

745 719
364 527

53 (48-58)
57 (49-64)

1.11 (1.09-1.13)
1.02 (0.98-1.05)

425
184

649 433
274 020

65 (59-72)
67 (57-77)

1.33 (1.31-1.35)
1.28 (1.25-1.31)

Indapamide Short-term
Long-term

34
16

50 229
26 358

68 (45-90)
61 (31-90)

1.19 (1.14-1.24)
1.07 (0.98-1.16)

32
8

32 760
12 935

98 (64-132)
62 (19-105)

1.53 (1.48-1.58)
1.08 (0.98-1.19)

Cutaneous malignant melanoma
TZs
Short-term 559 812 904
Long-term 227 424 449

69 (63-74)
53 (47-60)

1.13 (1.11-1.15)
1.07 (1.04-1.10)

533
175

697 411
305 864

76 (70-83)
57 (49-66)

1.45 (1.27-1.63)
1.22 (1.19-1.25)

HCTZ

Short-term
Long-term

BFT

Short-term 3 320
Long-term 1 376

Indapamide Short-term
Long-term

492 (431-554) 0.95 (0.90-0.99)
357 (285-430) 1.03 (0.95-1.11)

506 (415-598) 1.20 (0.99-1.42)
645 (421-868) 1.62 (1.49-1.76)

626 (540-712) 1.05 (1.00-1.10)
415 (304-527) 1.12 (1.03-1.22)

Squamous cell carcinoma
TZs

HCTZ

Short-term
Long-term

32
7

45 932
20 774

70 (46-94)
34 (9-59)

1.17 (1.11-1.23)
0.68 (0.55-0.82)

17
(n<5)

23 484
5 050

72 (38-107)
-

1.25 (0.67-1.83)
-

BFT

Short-term
Long-term

516
198

745 035
363 904

69 (63-75)
54 (47-62)

1.12 (1.10-1.14)
1.08 (1.05-1.11)

499
155

648 896
273 612

77 (70-84)
57 (48-66)

1.02 (1.00-1.04)
1.22 (1.19-1.25)

Indapamide Short-term
Long-term

43
19

50 139
26 332

86 (60-111)
72 (40-105)

1.14 (1.09-1.20)
1.48 (1.41-1.56)

30
9

32 708
12 930

92 (59-125)
70 (24-115)

1.11 (1.05-1.17)
1.47 (1.37-1.56)

Abbreviations: BCC, basal cell carcinoma; BFT, bendroflumethiazide; CI, confidence interval; CMM, cutaneous
malignant melanoma; HCTZ, hydrochlorothiazide; IRR, incidence rate ratios; PS, propensity score; py, personyears; SCC, squamous cell carcinoma; TZs, thiazides and thiazide-like diuretics
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Table 5.1-VII. PS-weighted IR and IRR of skin cancer (BCC, SCC, and CMM) among users
of CCBs (n=270 555) vs. users of RAASi (n=417 512) according to duration of use.
No. of
events

CCB users vs. RAASi users
PS-weighted IR per
PS-weighted
py
100 000 py (95% CI)
IRR (95% CI)

Duration of use
Basal cell carcinoma
CCB
Ever
5 228
983 352
532 (517-546)
1.36 (1.32-1.41)
Short-term
3 538
629 053
562 (544-581)
1.12 (1.10-1.14)
Long-term
1 690
354 299
477 (454-500)
1.35 (1.28-1.42)
Squamous cell carcinoma
CCB
Ever
879
993 054
89 (83-94)
1.21 (1.19-1.23)
Short-term
560
632 473
89 (81-96)
1.26 (1.24-1.28)
Long-term
319
360 581
88 (79-98)
1.17 (1.14-1.19)
Cutaneous malignant melanoma
CCB
Ever
1 097
1 761 774
62 (59-66)
1.14 (1.12-1.15)
Short-term
621
879 065
71 (65-76)
1.10 (1.08-1.12)
Long-term
476
882 709
54 (49-59)
1.10 (1.07-1.13)
Abbreviations: BCC, basal cell carcinoma; CCB, calcium channel blocker; CI, confidence interval;
CMM, cutaneous malignant melanoma; IR, incidence rate; IRR, incidence rate ratio; PS, propensity
score; py, person-years; RAASi, renin-angiotensin-aldosterone system inhibitors; SCC, squamous
cell carcinoma
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6 Discussion and outlook
6.1 Discussion
In an ideal world, generating evidence involves three steps: asking the right research question, finding
or collecting the fit-for-purpose data, and conducting the appropriate analyses.27 When working with
RWD, however, these steps often need to be reordered to: identifying the accessible database, asking
the fit-for-purpose research question, and conducting the appropriate analyses. Therefore, this thesis
aimed to contribute to the general understanding of how different databases (particularly the Helsana
claims database and the CPRD) shape epidemiological research questions by means of three exemplary
studies. A thorough discussion of the results and limitations of each individual study is presented in the
discussion section of the respective studies. In the following, the most intriguing findings as well as
more general methodological aspects and their relevance are highlighted and discussed.
6.1.1

The elderly

Drug prescription patterns, polypharmacy, and potentially inappropriate medication in
Swiss nursing homes
-

We were the first to comprehensively evaluate drug utilisation in Swiss nursing homes.

-

Compared with individuals aged 65 years or older who were living in the community (RG),
polypharmacy was more prevalent in NHR (86%; RG, 50%). On top, more than half of all
NHR (56%) were long-term users of at least one PIM.

-

Although the number of different drugs taken concurrently was high in NHR (9.4; RG, 5.5), it
decreased with increasing age, suggesting a favourable de-prescribing of unnecessary drugs
(e.g., of drugs that mainly aim at prolonging life instead of improving its quality).

-

Per capita drug costs per day for NHR were relatively low with CHF 8.55. Therefore, drug costs
seem to constitute a minor part of total health care costs of patients in nursing homes.

This descriptive cross-sectional study provided a snapshot in time, as we analysed drug utilisation in
2016 only. In accordance with the FINER criteria (Table 1.1-5), we were able to generate novel data
that are relevant to clinical and health policy, and that may lay the foundation for future (intervention)
studies.
Generalisability and comparability
In this study, methodological techniques such as extrapolation and standardisation were used to increase
generalisability to the underlying Swiss population and to increase comparability between comparison
groups, respectively.
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The key point of extrapolation is to provide estimated absolute results at the Swiss population level
(e.g., how many individuals in Switzerland, and not only how many individuals in the Helsana population, received a certain drug). Additionally, national-level results are easier to interpret for readers.
Distribution characteristics of the Helsana population deviate slightly from the Swiss population in terms
of age, sex, and canton of residence.63 In particular, the proportion of women and the proportion of
individuals aged 65 years and older is slightly higher in the Helsana population, and individuals from
the German-speaking cantons are somewhat overrepresented. Therefore, extrapolation acted as a means
to balance out these deviations.
The elderly was a purely descriptive study. Nevertheless, we wanted to put our results into perspective
and to allow the readers to compare the results found in NHR to the general elderly Swiss population
not living in nursing homes. We therefore chose the latter (as described in the methods section in chapter 3) as RG. We were aware from existing literature that NHR considerably differ from elderly individuals not living in nursing homes regarding both age and sex, which inevitably affects the comparability
of the two groups.76, 77, 79 For instance, if advanced age or female sex was associated with an increased
drug use, the higher prevalence of polypharmacy in NHR (86% vs. 50% in the RG) in this study would
possibly be a mere result of the fact that NHR were on average older and the proportion of women was
higher compared with the RG. Therefore, we decided to standardise key results by sex and age in order
to guarantee that they were not solely a consequence of a different age or sex distribution in the two
groups. As we have seen in our data, standardised values did in the end not differ markedly. Therefore,
the differences between NHR and the RG were mainly due to other factors which are not captured in
the database, including a higher prevalence of frailty or comorbidities among NHR. As we were not able
to measure these factors, conclusions regarding the differences between NHR and the RG have to be
drawn with caution.
6.1.2

The young

Coverage rates and timeliness of nationally recommended vaccinations in Swiss preschool children
-

Time trend analysis of vaccination patterns in birth cohorts of Swiss preschool children
(2010-2017) showed a continuously increasing proportion of children with up-to-date vaccinations for all vaccinations under study until the 2015 birth cohort.

-

Nevertheless, national vaccination goals have not been reached. On average, only seven out of
ten children had an up-to-date status for completed basic vaccinations; even less (six out of ten)
were up-to-date for recommended supplementary vaccinations at 37 months of age.
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-

Delay of vaccine administration was common, particularly for MMR combination vaccines,
where 23% of children vaccinated with the first dose experienced delays relative to ageappropriate standards.

-

Every twenty-fifth child did not receive any vaccination under study up to 37 months of age
(substantially varying according to canton of residence), leaving this vulnerable population
unprotected against vaccine-preventable diseases.

Up-to-date vaccination and timely (age-appropriate) vaccination are two important concepts to measure
vaccination patterns. Up-to-date vaccination describes the proportion of children who have received
adequate vaccination (including adequate number of doses) by a certain age (e.g., at 13, 25, and 37
months of age). Timely vaccination, on the other hand, is defined as the administration of the respective
vaccine dose within a defined period of the recommended age (e.g., at 2, 4, 6, and 15-24 months, ± 30
days). With this descriptive study, we extended existing, yet scarce data on timely vaccination in Swiss
preschool children.124, 127, 128 In regard to existing data on up-to-date vaccination, the SFOPH tracks upto-date vaccination status of children every three years based on the recommended vaccination schedule
using a survey.126 We contrasted these existing numbers by generating comprehensive data on vaccination coverage rates using administrative claims data.
Time trends and loss to follow-up
We used time series trends to provide a clear graphical representation of trends in vaccination coverage
across birth cohorts. An advantage of time trends is that their visual inspection, rather than statistical
analysis, is sufficient to identify time points associated with large changes in vaccination patterns. 178
Moreover, trends of vaccination coverage over time act as a valuable indicator to gauge whether
different public health measures (e.g., national campaigns or policy changes) have worked as intended
and to allow for an adequate future health care planning. Similarly, acknowledging regional differences
in the proportion of vaccinated, but especially unvaccinated children, is crucial to identify problematic
areas and to ensure optimal use of health care resources.178
A peculiarity of this study was the application of a follow-up approach to each birth cohort. On average,
80% of the children had a complete follow-up of 37 months. In other words, around 2 out of 10 children
were lost to follow-up during the study period. Based on our data, we cannot say whether or not these
children differed from those who had a complete follow-up. For instance, vaccination behaviour of
children staying within the same insurance throughout their early childhood may be different from
vaccination behaviour of children frequently changing insurances.144 Thus, such factors need to be
considered thoughtfully when interpreting our findings, as they may influence the external validity of
study results.15, 17, 35
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6.1.3

The ill

Risk of skin cancer in new users of thiazides and thiazide-like diuretics
-

Applying a cohort study design that adhered to key principles of pharmacoepidemiological
methods, we quantified absolute and relative risks of melanoma and non-melanoma skin cancer
in new users of TZs compared to two other first-line antihypertensive drug groups.

-

Long-term use (≥ 20 prescriptions) of HCTZ was associated with a 1.95-fold increased risk of
SCC compared with long-term use of CCBs. We identified one excess diagnosis of SCC per
1 144 patients who were on long-term treatment with HCTZ for one year.

-

Long-term use of indapamide was, again compared with long-term use of CCBs, associated
with a 1.43-fold increased risk of CMM.

-

Use of BFT appears to be safer than other TZs with regard to skin cancer risk.

To our knowledge, we were the first to use active comparators in the assessment of the association
between skin cancer risk and the use of different TZs. In this analytical cohort study, we were able to
shed light on a topic that has led to contradictory findings in the past. On the one hand, our results corroborated the previous findings of two large Danish case-control studies, in which the authors report an
increased risk of SCC in association with long-term use of HCTZ155, 158; on the other hand, however, our
results questioned the causality of postulated moderately increased risks of BCC and CMM in users of
HCTZ.155, 156 In addition, we extended existing, yet limited data on BFT and indapamide, with potentially
important clinical implications.
Methodological considerations
This study adds to existing literature through several methodological aspects: the application of a new
user design to emulate the design of an RCT, the use of active comparators to establish treatment
equipoise between groups, and the PS calculation to account for a large number of potential confounders.
The new user design and active comparator design minimised prevalence bias, surveillance bias, and
confounding by indication at the design stage of the study, whereas the use of a PS enabled the
adjustment for confounders at the analysis stage of the study.44, 50, 51 A PS can be integrated in the analysis in different ways, e.g., by matching, stratifying, or weighting patients according to their PS, or by
integrating the PS into a multivariate regression model.55 In our case, we decided that patients will be
weighted on their PS, and we applied a PS fine stratification approach to do so. First, we created 50 PS
strata based on the PS distribution in the TZ group. In a second step, we weighted users of the
comparators proportional to the distribution of TZ users in the PS stratum within which they fell.
Although matching (in contrast to weighting) on the PS is the more common approach, it has been
shown to reduce precision because, along with exposed patients for whom no reference patient with
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comparable PS is found, it also omits those comparison patients who would be matchable, but who are
not selected because a pre-specified number of matches were already selected for each exposed patient.
In a commonly used 1:4 matching scenario, for instance, matching on the PS would include four suitable
comparison patients, but ignore every additional, generally matchable comparison for the exposed
patient.54 When exposure prevalence is rare (e.g., for HCTZ or indapamide in our study), it is the loss
of exposed patients rather than the loss of comparisons that is primarily relevant. A PS fine stratification
approach with strata formed based on the exposed group distribution (i.e., the distribution of users of
HCTZ, indapamide, or BFT) minimises the undesired loss of exposed patients and their information.
When evaluating outcomes of an infrequent exposure, it is therefore considered the preferred strategy
for confounding control in routine pharmacoepidemiology practice.54
Association and causation
Although this study applied elaborate statistical and methodological approaches to address causality, it
cannot deliver a clear verdict of causation due to its empirical nature. Referring to Hill’s viewpoints on
causal inference (Table 1.1-4), however, there are some important considerations supporting the likelyhood of causality in regard to the association between SCC and long-term use of HCTZ (one of the main
findings of this study). First, this particular association was strong, and it was consistent with findings
from previous studies. Second, there was a clear dose-response relationship, and the consistently increased risk for long-term users of HCTZ was specifically observed for SCC, but not BCC or CMM.
Third, the results are biologically plausible because HCTZ holds photosensitising properties, and
because SCC (in contrast to BCC and CMM) is mainly associated with cumulative (rather than intermittent) UV exposure.151, 170 Fourth, although temporality is hard to establish when assessing slow
developing outcomes (such as cancer), we tried to ascertain this aspect by including only incident users
of TZs or comparators and by excluding patients with a diagnosis of melanoma or non-melanoma skin
cancer at any time prior to the cohort entry date. Finally, results were robust throughout several sensitivity analyses.
6.1.4

Strengths and limitations of the Helsana claims database and the CPRD

In general, pharmacoepidemiological database research is a powerful tool to support post-marketing
drug surveillance and decision making in the setting of public health policy. Database research is able
to portray a picture of the real world and to show the effectiveness (rather than the efficacy) of drugs at
affordable costs. While this type of research does not replace RCTs, it adds important information to the
safety profile of drugs and provides relevant information on drug use in the underlying population. In
contrast to epidemiological research that is based on other methods than electronic databases to
gather information (e.g., primary data collection such as surveys), database research is less affected by
selection and recall bias, as all information is captured at the time of its occurrence. In addition, database
research may provide greater generalisability due to a much greater scope than studies collecting
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primary data. If, however, database research cannot be used to answer the appropriate scientifically
rigorous and clinically relevant question, it may still play an important supplementary role to assess the
plausibility and likelihood of success of a large-scale RCT or other primary data collection efforts.71, 179
The two databases on which this thesis is based, namely the Helsana claims database and the CPRD, are
described in detail in chapter 1.1.6. In the following, key strengths and limitations of these databases
will be discussed in relation to the research questions they can optimally answer.
Helsana claims database
Drugs that are prescribed are not necessarily dispensed, and drugs that are dispensed are not necessarily
taken.27, 28 One of the key strengths of the Helsana claims database is that information on dispensed
rather than prescribed drugs is available. Therefore, claims data more closely reflect actual drug use
compared to prescription databases (such as the CPRD) and are considered the gold standard regarding
drug exposure information.180 As a result, the Helsana claims database is ideally suited for research
questions concerning health care expenditure and drug utilisation, including the assessment of prevalence, incidence, and duration of drug therapies.53 As an example, the annually published Helsana drug
report provides national-scale data on drug use and drug costs that are essential for administrators in the
health care setting, but also serves as a reference work and independent source of information for
interested (non-scientific) individuals and policymakers.58, 63, 64 Therefore, studies based on claims data
may support the translation of scientific discoveries into improved care.71
Another strength of the Helsana claims database is its size. With some 1.14 million enrolees in the
compulsory health insurance in 2018, the database covers approximately 13.3% of the Swiss population.58 Due to its size and vastly complete depiction of services provided for an individual patient
within the basic insurance, the Helsana claims database allows analyses at different levels of the health
system (e.g., national, regional, or individual).178 In addition, the broad representativeness in terms of
age, sex, and canton of residence allows the extrapolation of Helsana claims data to the general Swiss
population regarding these factors.63, 64
In terms of limitations, it is important to keep in mind that data within the Helsana claims database are
collected for administrative (billing) purposes and thus may not include all relevant information required
to answer some types of research questions.178 Missing data are a major weakness of studies using
Helsana claims data. Information not captured in the database includes data on non-prescription drugs
purchased over-the-counter (OTC), drugs paid for out-of-pocket by individuals whose health care
expenses principally eligible for reimbursement by the compulsory health insurance did not exceed the
annual deductible, drugs not listed for reimbursement, and inpatient drug prescriptions.
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In addition, a major concern is the lack of outpatient diagnoses and of additional patient characteristics.
Physicians (including GPs and specialists) do not have to transfer diagnoses to the health insurance
because diagnoses generally do not play a role in the reimbursement of provided services. If a study
question seeks to examine a potential association between an exposure and a disease outcome, Helsana
claims data can only be used to address the question when (a) the diagnosis requires a drug treatment or
recorded procedure that is specifically indicated for the disease of interest (i.e., the drug treatment or
procedure acts as proxy for the disease) or when (b) it is a disease diagnosed exclusively in an inpatient
setting and identifiable with ICD-10 codes or SwissDRGs (as this type of diagnoses is captured within
the database). Moreover, although the Helsana claims database includes a large number of patients, the
information per patient is limited in terms of potential confounders (e.g., lifestyle factors, BMI, or comorbidities) which impacts and reduces comparability between groups (exposed vs. unexposed or cases
vs. controls) in analytical studies.53, 178, 181
While the Helsana claims database is representative in terms of age, sex, and canton of residence, it does
not provide any information on other variables such as SeS. In many cantons, Helsana health insurance
premiums are in a rather high-priced segment, which has to be taken into account when this factor may
influence study results.64
The fact that people can switch health insurances on an annual basis leads further to an unstable data
enrolment and to a slightly different Helsana population each year. Due to the limited follow-up (which
is on average shorter than in the CPRD), data on drug use will be truncated, thereby hindering studies
that aim at examining long-latency outcomes.66, 181
Finally, each database has its own specific ‘grammar’ that determines the way data are generated. Often,
this is either undocumented or not updated.53 Although numerous studies based on Helsana claims data
have been published in peer-reviewed journals,62 there is a total omission of scientific papers that
describe the Helsana database in detail (including which variables are available and how they are coded),
or papers that validate diagnostic coding within the database owing to the data policy of Helsana health
insurance (A Signorell 2020, personal communication, 03 April).
CPRD
A key strength of the CPRD is its size and long-term follow-up. The CPRD encompasses data on more
than 13 million patients (2018) and includes over 79 million py of follow-up. This allows epidemiological associations to be investigated in more detail and with a higher level of statistical precision than
is possible with smaller data sources such as the Helsana claims database.66 This is particularly important
for studies on rare exposures and outcomes; the size of the CPRD allows researchers to study rare
outcomes with an incidence rate of less than 10 per 100 000 py with enough statistical power.182
The medium overall follow-up of 5.1 years per patient additionally enables researchers to address
questions regarding diseases with long latency and the study of long-term outcomes.66
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The CPRD contains population-based data and allows therefore to draw patients of a comparator group
(i.e., unexposed patients in a cohort study or controls in a case-control study) from the same source population from which the exposed patients (in a cohort study) or cases (in a case-control study) were
derived. Moreover, patients in the CPRD cover about 7% of the UK population and are broadly representative of the UK population in terms of age, sex, and ethnicity.66 Over half of CPRD patients are
eligible for linkage to additional datasets such as hospital data (i.e., HES data), national cancer
registration data, and national mortality records, which opens the field to study questions relying on this
type of information.66, 183
One of the main advantages of the CPRD compared with the Helsana claims database is that the CPRD
comprises information on medical diagnoses, symptoms, laboratory test results, some lifestyle factors
(e.g., smoking status, alcohol consumption), and other patient characteristics (e.g., BMI). The availability of diagnoses is vital to carry out accurate analytical studies; the additionally captured data can
further be used to achieve comparability between groups by minimising bias and confounding.58, 66
Moreover, validation of the CPRD has shown high positive predictive values of many diagnoses and,
where evaluated, broadly similar incidences compared with other UK data sources.66
The extensive bibliography of studies based on the CPRD shows its broad use, which covers a range of
health-related research questions regarding descriptive and analytical pharmacoepidemiology, comparative effectiveness research, health services research, health economics, assessments of temporal trends
in disease incidence, prognosis research, classical risk factor epidemiology, and even RCTs.66, 70
There are, however, some weaknesses that need to be considered when working with the CPRD. The
quality of primary care data is variable because data are entered by GPs during routine consultations
and not for the sole purpose of research. As a result, researchers must undertake comprehensive data
quality checks before carrying out a study.179
One of the main drawbacks of CPRD data is the issue of missing data. Although information recorded
by the GP is expected to be complete, information from specialists and inpatient events may not be fully
captured in the electronic patient records. Discharge letters from hospitals, feedback from specialists,
and laboratory test results are often received in hard copy and must be manually entered into the practice
computer. Due to this time-consuming task, some practices may only enter information potentially
affecting the future care of the patient. In addition, there is some variation between GPs in regard to
coding diagnoses, and although lifestyle factors are available for many, they are not recorded for all
patients.66, 182 Therefore, the variability in completeness of data across patients and across time needs to
be taken into account. For instance, blood pressure may be recorded more frequently in individuals with
existing cardiovascular disease or risk factors. Restriction to those with complete data may therefore
result in biased estimates (e.g., when missing data are not missing at random), and imputation
approaches may not be straightforward because the patterns of missing data and their interpretation are
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complex. An additional intricacy of primary care data is that the absence of a ‘Read code’, a hierarchical
clinical classification system that includes over 96 000 codes,184 must be interpreted as an absence of the
disease itself and carries the risk of misclassification. The extent of such misclassification, however,
may strongly vary between diseases.65
The lack of generally standardised definitions for exposures and diagnoses is another limitation of the
CPRD and usually requires the development of Read code lists and algorithms for each study to identify
exposures and outcomes of interest. However, this may lead to inconsistencies of definitions and
therefore to inconsistent results between studies using the same data.66
Finally, there are some aspects of health that may be recorded very infrequently or not at all, including
OTC drug use and dispensing of drugs. While purchased OTC drugs are not captured in the Helsana
claims database either, dispensed prescription drugs are. In addition, some patient groups are missing
from primary care records, such as prisoners, private patients, some residential homes, and the homeless.66, 182
CPRD data originate from routine clinical practice, and their use to address pharmacoepidemiological
study questions typically requires extensive data processing and an understanding of the way the data
are initially recorded and stored.66 In contrast to the Helsana claims database, however, there are
numerous publications on this matter that provide transparent guidance to researchers.
6.1.5

Studies in reverse

The research questions of the three studies presented in this thesis (i.e., the elderly, the young, and the ill)
were established in the knowledge of the strengths and limitations of the respective databases, which
allowed them to be fully addressed and answered. Now, one might wonder whether the other database
could have been used for the same study questions (except for the country of origin of the population,
of course). Reasons for and against such a transfer of one research question to another database will be
discussed in the following, particularly in terms of the presence or absence of variables that are vital to
adequately conduct the study.
The elderly
The PICOT criteria (Table 1.1-6) are a valuable tool to evaluate the most important variables needed to
answer the study question. In this study, the specific patient population (P) we were interested in were
individuals living in a nursing home in 2016 (T). As this was a descriptive study, we did not have a
specific exposure (E) or outcome (O). However, we were interested in general drug utilisation including
drug costs, PIM use, and the prevalence of polypharmacy. The control group (C) consisted of elderly
individuals living in the community.
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The research question cannot be answered using the CPRD for many reasons. One of them is that the
CPRD fails in identifying the patient population. There are some Read codes suggesting that the patient
is a NHR such as ‘lives in a nursing home’, ‘lives in a residential home’, ‘residential institution’, ‘other
residential care homes managed by local authority’, ‘nursing home attendant’, ‘discharge to nursing
home’, ‘admission to nursing home’, ‘provision of continuing care in nursing home’, etc. However, the
validity of these codes is unknown (i.e., the absence of a code does not necessarily mean the person is
not a NHR). In addition, the codes only show that the patient received nursing home care at the point of
recording. There is no information on the length of stay. For instance, when a GP recorded a discharge
of a patient to a nursing home in 2013, we cannot know whether this was meant for a limited duration
or whether the patient was still living in a nursing home in 2016 at initiation of the study. In the Helsana
database, the time of admittance to a nursing home as well as the duration of a nursing home stay is
precisely captured due to billing processes that are inherent in claims databases.
Another issue of the CPRD is the correct assessment of drug utilisation in nursing homes, as data on
some residential homes are not captured within the CPRD.66 For those where drug prescriptions are
recorded, drugs may not be dispensed. Moreover, prescription databases such as the CPRD may not
include a representative sample of prescribers and may therefore not be suitable for monitoring drug
utilisation at the national level.178
Finally, drug costs are not available within the CPRD, which prevents the calculation of overall and per
capita drug costs.66
All in all, the CPRD is not a suitable database to answer the research question underlying this study.
The young
In terms of the population, patients are included in the primary care dataset of the CPRD from their first
until their last contact with the participating practice. Vaccinations in preschool children are therefore
recorded in the CPRD together with the date of and the reason for vaccination, vaccination type, status,
and the compound used to vaccinate.66, 179 In fact, past studies on the use of vaccinations using the CPRD
were among the first to expose the misconception about an association between MMR vaccination and
an increased risk of autism (which was originally postulated based on falsified data by Wakefield
et al.).185-189
In principle, all variables required to conduct this study within the CPRD are available. However, a
limitation of studying vaccination patterns in preschool children using the CPRD is that some children
may move to another area and/or change their GP, or that they are not registered with a GP at all. If they
change GP, a second medical record profile will be established at the new practice that cannot be linked
with the original profile. For instance, Read codes such as ‘history of measles, mumps, and rubella
vaccination’ inform about a prior administration of MMR, but do not provide a date of administration
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or the number of administered doses. These children would thus not be eligible for the study as both of
their profiles would lack the necessary follow-up from birth to the end of the study period. In contrast
to the CPRD, the circumstance of several GPs involved in vaccination administration does not affect
data recording in the Helsana claims database.
In the UK, the cover of vaccination evaluated rapidly (COVER) programme was established in 1987
and evaluates UK up-to-date vaccination coverage data from Child Health Information Services (CHIS)
for children aged one, two, and five years of age.190 CHIS are an NHS commissioned service that is
responsible for collating data from various organisations (e.g., public health, health visitors, school
nursing, and immunisation teams) into a single child health record for all children aged 0 to 19 years
that are either UK residents and/or registered with a GP practice. CHIS contain information on each
child’s public health interventions including high-quality data on vaccinations.191
Therefore, although CPRD data could, in general, be used to assess up-to-date coverage rates of
recommended vaccinations, the data to calculate these estimates are already collected quarterly and
analysed on a national level in a reliable and standardised way. Referring to the FINER criteria
(Table 1.1-5), the study would be feasible, yet not necessarily relevant to clinical and health policy in
this regard. However, data on timely vaccination in the UK are scarce,192 and the CPRD may therefore
present a useful data source to address this specific topic.
The ill
In this study, the population of interest (new users of TZs) as well as the comparison groups (new users
of CCBs or RAASi) were defined by their drug use. Therefore, it would be possible to identify patients
according to their use of TZs or the active comparators within the Helsana claims database. When it
comes to the specific drug exposures (i.e., BFT, indapamide, and HCTZ), it has to be considered that
BFT is not licensed in Switzerland and could thus not be studied.
In 2012, a new billing system was implemented for the Helsana database, and data from previous years
were fragmentarily imported. Due to additional complex internal changes in the data structure, patients
can only be specifically followed from 2010 onwards (A Signorell 2020, personal communication,
03 April). The study period (which went from 1998 to 2017 in the original study) would therefore be
much shorter, as would be the median follow-up of patients. Since the aim was to distinguish between
short-term users and long-term users in the study, the statistical power would likely be insufficient to
conduct analyses in long-term users based on Helsana data (due to considerably smaller sample sizes).
While these factors may complicate the study, they would not necessarily render it impossible. What
acts as deathblow in addressing this study question with the help of Helsana claims data is the outcome
measure. Skin cancer is generally diagnosed by a GP or dermatologist and not in a hospital. Therefore,
inpatient ICD-10 codes or SwissDRGs, which are generally available within the database, are of little
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to no use in this scenario. SwissDRGs do not contain specific information on skin cancer and related
procedures.193 Similarly, there is an ICD-10 code for CMM (C43), but there are no specific codes for
BCC and SCC. The only approximation that broadly describes NMSC is the ICD-10 code C44, which
stands for ‘other malignant neoplasms of skin’.194 In addition to being rather unspecific, ICD-10 codes
are not always of high accuracy. As a result of missing outpatient diagnoses and unspecific inpatient
diagnoses, the likelihood of misclassifying patients using Helsana claims data is insurmountably
high.26, 56, 57 Furthermore, melanoma and non-melanoma skin cancer are not treated with a specifically
indicated drug,153 which rules out the use of a drug treatment as proxy for skin cancer. The value of
CPRD data is further emphasised when considering that the Helsana claims database is not the only data
source lacking information on skin cancer. Even most cancer registries do not capture adequate data on
NMSC, since this type of skin cancer is not subject to mandatory reporting.162, 195
Finally, data on potential confounders are (except for age, sex, region, and other drug use) completely
missing in the Helsana database, making it impossible to calculate a PS or to adjust for these factors in
another way.58 A comparison between TZ users and users of a comparator would therefore be prone to
bias and confounding.
To sum up, the Helsana claims database is ill equipped to answer the research question of this analytical
study.
6.1.6

Conclusions

This thesis contributed to the general understanding of when and how different databases can be used
to answer particular types of pharmacoepidemiological research questions. Administrative databases
such as the Helsana claims database are considered the gold standard regarding drug exposure
information and are thus ideally suited for descriptive research questions concerning drug utilisation,
including the assessment of prevalence, incidence, duration, and costs of drug therapies. Medical record
databases such as the CPRD, on the other hand, contain detailed information on factors such as
diagnoses and potential confounders, and, compared to administrative databases, more easily address
analytical research questions seeking causal associations. This study further provided evidence that a
research question tailored for a specific database can rarely be transferred from one database to another
without adaptation. It is therefore essential to familiarise with the databases at hand, in particular with
their inherent strengths and weaknesses, before rushing into a study.
Finally, and perhaps most crucially, the database only provides the raw materials to address a research
question, but does nothing to ensure a study is appropriately designed and conducted. It is the interplay
of the accessible database, an appropriate study question, and a high-quality study design and analysis
plan that determines whether a study can successfully reproduce the truth. Used correctly, observational
studies are an invaluable tool to contribute to medical progress and to improve clinical practice.
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6.2 Outlook
The three exemplary studies of this thesis each revealed novel and unreported findings, and extended
previous knowledge based on limited existing evidence. As each of these studies represents a different
field of research, the following summarises individual needs for future research, as well as a more
general perspective on the content of this thesis.
The elderly underlined the issue of frequent PIM use and high prevalence of polypharmacy among Swiss
NHR, and highlighted the resulting need for the development of quality standards for professionals
involved in the medication process. In fact, this is being addressed in an ongoing pilot project called
progress! Sichere Medikation in Pflegeheimen (translated to ‘progress! Safe medication in nursing
homes') of the organisation Patientensicherheit Schweiz. The project runs in two parts (basic research
project 2016-2018 and consolidation project 2019-2021), with an overall goal to reduce ADEs in Swiss
NHR, thereby focussing on polypharmacy and the use of PIM.196
In regard to the young, future research ought to focus on addressing reasons for incomplete or delayed
vaccinations. In particular, the rather low vaccination coverage rates, which lag far behind national targets, remain to be further explored. The feasibility of public health measures such as vaccination reminders by mail or the establishment of a national vaccination registry to more closely track vaccination
patterns, which has been successfully implemented in other countries,197 should be discussed.
Concerning the ill, additional large pharmacoepidemiological studies conducted by different investigators, using different data and study designs are warranted to corroborate our findings of an association between long-term use of indapamide and an increased risk of CMM, especially given the severe
clinical implications and high mortality of this outcome when diagnosed at advanced stages.176, 177 Since
use of chlorthalidone, another thiazide-like diuretic agent, was too infrequent in the CPRD to be studied
with enough statistical power, it would be interesting to examine its association with skin cancer using
another database.
On a broader scale, the rather new scientific and clinical importance of database research has regrettably
been accompanied by numerous examples of poorly designed studies utilising datasets ill equipped to
answer the research questions posed of them.71 This thesis is an important reminder that rigorous
observational research is not only possible, it is essential to further improve clinical practice and health
policy. Despite the increasing use of databases for pharmacoepidemiological research, there have been
few references to turn to that discuss the appropriateness of existing databases regarding different types
of research questions.71 Moreover, databases are often given little emphasis in basic textbooks on epidemiology.27, 45, 180 Future endeavors should focus on strengthening the understanding of databases in
teaching and practical application, both among researchers and clinicians, so that they can critically
evaluate whether a study question is adequate for the respective database.
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APPENDIX

HELSANA DRUG REPORT

7 Appendix
7.1

Helsana drug report

The Helsana drug report originated in 2014 and is an annually published report on health resource use
in Switzerland, which was outsourced by the Helsana health insurance and subsequently conducted by
the University Hospital Basel in collaboration with the European Center of Pharmaceutical Medicine
(ECPM). In the following, the summaries of the three latest reports are presented (2017-2019).58, 63, 64
7.1.1

Summary 2017

Drugs can shorten the duration of diseases, ease symptoms, avoid expensive episodes of hospitalisation,
and enable patients to live normal lives – socially, psychologically, and physically. On the other hand,
they generate costs to the health care system. Furthering a rational use of drugs is only possible on the
basis of reliable data on the development of quantities and costs in the pharmaceutical sector. The aim
of the present fourth report on drug use in Switzerland remains to make such data available to a broad
public. Analyses were based on the administrative claims data of the Helsana Group, one of the largest
providers of health insurance in Switzerland (with 1.9 million customers in the year 2015).
The electronic claims database comprises all claims, by patients or health care providers, made to
Helsana within the realm of the Swiss compulsory health insurance (obligatorische Krankenpflegeversicherung). In addition to drug supplies, the database covers surgeries and diagnostic assessments,
amongst others. The evaluations of drug utilisation and costs reported in this document cover the period
from 2013 to 2016. The focus is mostly on outpatient drugs. Hospital drugs are covered as part of
Switzerland’s flat-fee-per-case reimbursement system for inpatient episodes. Thus, they could not be
assessed in detail.
In order to enable statements at the Swiss population level, results were extrapolated using multiplication
factors provided each year by the Swiss Federal Statistical Office. We intended to provide a detailed
description of the drug market. Data were assessed by groups of drugs defined by the ATC classification
system and by patient characteristics such as age, gender, and canton of residence.
Drug costs in the statutory health insurance rose by CHF 964 million (+15.7%) since 2013 and reached
more than CHF 7.0 billion in the year 2016. The one-year increase between 2015 and 2016 was +6.1%,
slightly less than between 2014 and 2015 (+6.3%). Besides the number of persons obtaining drugs, the
per capita number of claims rose steadily since 2013 (2013: 16.6; 2016: 17.5), as did the costs per person (2013: CHF 1 024; 2016: CHF 1 115). In 2016, drug costs (excluding the costs of drugs administered
to inpatients in hospitals) contributed 8.8% to the total Swiss health expenditures and 24.6% to the
services financed by the statutory health insurance. The vast majority of drugs is financed by the
statutory health insurance. Drugs generate substantial benefits for society, in the form of increased life
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expectancy and quality of life of the population, but contribute costs of 24.6% of the services financed
by the statutory health insurance; in relation to the total expenditure in our health system, they generate
costs of 8.8%. Ongoing pharmaceutical research and development are needed, but high costs of newly
developed drugs challenge our health care system which is based on solidarity, particularly in the area
of novel, expensive therapies for cancers and immunological diseases.
In the year 2016, women obtained around 16.3% more drugs than men; on the other hand, per capita
drug costs were higher in men (costs per woman: CHF 1 076; costs per man: CHF 1 161). Persons aged
18 to 64 years accounted for 54.9% of total drug costs, followed by persons above age 65 years, who
accounted for 43.2%. As in previous years, the cantons of Basel-Stadt, Basel-Landschaft, Geneva, Neuchâtel, Waadt and Ticino showed per capita numbers of claims and costs that were above average, while
per capita numbers of claims and costs were relatively low in the central and eastern part of Switzerland.
At the therapeutic group level (level 2 of the ATC classification), immunosuppressants accounted for
the highest costs in 2016 (CHF 865 million, equivalent to 12.2% of total drug costs). Taken together,
immunosuppressants, cancer drugs and antivirals accounted for more than a quarter of total drug costs,
but for less than 2% of total claims. Other than those for cancer drugs (+16.9%) and immunosuppressants (+15.7), expenditures for antivirals decreased by -10.3%. The highest increase in expenditures
since 2013, by 45.2%, was observed in drugs inhibiting the coagulation of the blood, mainly due to
increased use of novel oral anticoagulants.
Broken down to individual substances, the highest costs were mainly incurred by immunosuppressants.
The antibodies infliximab and adalimumab, used for the treatment of inflammatory autoimmune diseases, ranked first and second. The third rank was occupied by fingolimod, a drug that is highly valued
in the treatment of multiple sclerosis. Additional major contributors to high drug costs included eye
drugs such as aflibercept and ranibizumab (for treatment of macular oedema or macular degeneration)
and rivaroxaban (for therapy and prophylaxis of thromboembolism). Expenditures for the hepatitis C
drug sofosbuvir (Sovaldi®) and for the combination of sofosbuvir and ledipasvir (Harvoni ®) dropped
since 2015 by 31% and 48%, respectively. The combination of sofosbuvir and ledipasvir ranked first in
the list of the most expensive drugs in 2015, but only twelfth in 2016. Reasons include a price reduction
and a drop in the number of patients treated but also recently approved and available therapeutic alternatives.
In terms of numbers of claims, the leading therapeutic groups were painkillers, psycholeptics, antiinflammatory and antirheumatic products. Taken together, these groups were responsible for about a
fifth of all claims in the year 2016. Their totals cost amounted to about CHF 623 million, which is less
than the costs incurred by the group of immunosuppressants alone. The most frequently used substance
in 2016 was again paracetamol, followed by electrolyte solutions and the antiinflammatory drug ibuprofen.
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Analysis by supply channel indicated that the costs (close to CHF 4 billion) and numbers of claims
(close to 60 million) channelled through pharmacies were far higher than those channelled through
physician’s offices (CHF 2.1 billion; 40.1 million claims). Hospital outpatient departments incurred the
lowest costs (CHF 1 billion) and were responsible for the lowest numbers of claims (11.5 million).
However, they showed increases more than twice as high as those of all three supply channels considered
on average.
A first additional analysis addressed prescription patterns and the development of drug costs in nursing
homes over the last three years (2013-2016). Drug costs and numbers of claims in nursing homes were
rising steadily since 2013. On average, persons living in nursing homes obtained 9.4 drugs in parallel in
2016 (Swiss population ≥ 65 years: 5.5 drugs). The number of drug claims decreased with age. This
leads to the conclusion that at an advanced age, a prioritisation of truly necessary drugs occurs. An
analysis of PIM showed that 79.1% of all persons living in nursing homes had at least one claim
indicative of a PIM. In every second person (56.2%), there was even an indication of long-term use
(i.e., at least three claims indicative of the same PIM). There is evidence that PIM use is associated with
more adverse drug effects, a higher risk of hospitalisation and higher mortality. Frequent prescription
of PIM in nursing homes, of which many are neuroleptics or benzodiazepines, indicates a quality
problem in the care for the elderly, which should be addressed in the future.
A second additional analysis focused on developments in the realm of biologicals and biosimilars,
between 2010 and 2016. The volume of sales of biologicals and biosimilars amounted to nearly
CHF 1 300 million in 2016, equivalent to 18.1% of the total volume of the drug market. This was
achieved with only 0.9% of all claims. As in other areas, total costs and total numbers of claims increased
substantially, by a factor of three to four since 2010. Differences between indication areas were
observed. While indicators for immunostimulants increased by only about 30%, those for eye drugs
tripled. The strongest increase of costs and numbers of claims occurred in the group of ‘other’
biologicals and biosimilars, by more than +500%. The eye drug Eylea® (for treatment of age-induced
macular degeneration), on the market since 2012, registered the highest absolute cost increase of all
products, of CHF 86 million. Marked cost reductions were observed for the immunostimulant Neupogen
Amgen® (for reducing the duration of neutropenic episodes) and the antianaemic drug Eprex® (for
symptomatic renal anaemia). This coincided with a reduction in price and an increased use of the
cheaper, competing biosimilars Zarzio® und Binocrit®. Savings of CHF 35 million would have been
possible in 2016 if reference biologicals had been fully replaced by those biosimilars that were effectively available at the time. However, this potential mostly arose from a possible switch from Remicade®
to biosimilars Inflectra® or Remsima® (TNF-alpha inhibitors). These became available only recently
and were not yet used much. Generally, it can be stated that the use of biosimilars remained behind
expectations: original products currently remain the market leaders and the utilisation of biosimilars
develops slowly.
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The third additional analysis, a case-control study, assessed the relationship between the use of systemic
glucocorticosteroids and a possible increase in peptic ulcer bleedings. In the Helsana collective, exposition to glucocorticosteroids alone (in the absence of co-medication with non-steroidal antiinflammatory drugs) did not increase the risk of ulcer bleedings. Consequently, therapy with glucocorticosteroids does not appear to justify pharmacological prevention of ulcer bleedings with antacids, in the
absence of additional risk factors.
7.1.2

Summary 2018

Drugs are an indispensable part of health care. They do not only have the potential to reduce the duration
of disease and reduce symptoms, but also to avoid hospitalisations or shorten length of stay, improve
quality of life and reduce mortality. They enable patients to return to a normal life and to the workplace
faster. Even if this triggers relevant cost savings elsewhere in the healthcare system, drugs are responsible for a substantial share of total health care costs. A meaningful discussion on the commensurability
of costs and benefits requires knowledge of the utilisation of different drugs and their generated costs.
The report on drug use in Switzerland, presented here in its fifth year, aims to capture and provide
reliable data on the development of quantities and costs in the Swiss pharmaceutical market. We strive
to display underlying relationships and generate a valid basis for health policy discussions. Analyses
were again based on the administrative claims data of the Helsana Group. With more than 1.9 million
enrolees in 2017, the Helsana Group is one of the largest providers of health insurance in Switzerland.
The electronically captured data comprise all outpatient services that were recorded for reimbursement
in the realm of the Swiss compulsory health insurance (obligatorische Krankenpflegeversicherung). In
addition to drug claims, this includes surgeries and diagnostic tests. Inpatient services are reimbursed
on a flat-fee-per-case basis and cannot be used to assess drug use. The assessments presented in this
report focus on outpatient drug claims and costs during the period 2014 to 2017. Results were
extrapolated to the Swiss population level using multiplication factors. Analyses were performed by
age, gender, and canton of residence, and also by groups of drugs defined by the ATC classification
system. Thus, the results provide a comprehensive depiction of the Swiss pharmaceutical market.
Since our first report on drug use in Switzerland, drug costs rose steadily. Drug costs in the compulsory
health insurance were CHF 5 232 million in the year 2010 and reached CHF 7 507 million in the year
2017, equivalent to an increase of CHF 2 275 or 43%. Yearly increases ranged between 2.8% and 8.9%;
they were about 6.3% in the last available period, i.e., between 2016 and 2017. The number of claims
rose substantially as well, from 85.2 million (2010) to 113.4 million (2017). However, their yearly
increase was lower than the increase in costs. This led to an increase of the yearly costs per claim from
CHF 61 in 2010 to CHF 66 in 2017. A trend towards novel, high-price therapies (e.g., in the areas of
oncology and immunology) pose an increasing challenge to the solidarity-based funding mechanism of
the Swiss health care system.
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At the therapeutic group level (level 2 of the ATC classification), immunosuppressants and anticancer
drugs accounted for the highest costs in 2017, of CHF 1 016 million and CHF 683 million, respectively.
This implies increases of more than 14% in comparison with the preceding year, in both cases. The
combined contribution of these two groups to total drug expenditures was more than a fifth, while their
joint contribution to number of claims remained below 1.5%. This illustrates impressively how expensive cancer therapies and immunotherapies are in comparison with other therapeutic drug groups. Additional high increases in costs of more than 5% were noted for diabetes drugs, eye drugs, anticoagulants,
bronchodilators and antiepileptic drugs. A decrease in the costs of antivirals observed in the preceding
report did not continue. However, the cost increase between 2016 and 2017 was not very pronounced
(+1.1%). In relative terms, the per capita costs of anticoagulants increased the most since 2014 (+38%;
2017: CHF 255), followed by anticancer drugs (+31%; 2017: CHF 8 588). In 2017, immunosuppressants
recorded the highest absolute per capita costs of all therapeutic groups, with CHF 10 254.
At the level of individual substances, the highest costs were primarily caused by immunosuppressants,
namely infliximab, adalimumab and fingolimod. The antibodies infliximab and adalimumab are both
used to treat inflammatory autoimmune diseases, while fingolimod is used in the treatment of multiple
sclerosis. The joint costs of these three immunosuppressants alone were CHF 378.8 million, equivalent
to 5% of all drug expenditures. Besides the immunosuppressants, rivaroxaban, a member of the novel
oral anticoagulant (NOAC) class, stood out in terms of high costs (CHF 115.2 million). Other important
cost drivers included the eye drugs aflibercept und ranibizumab, the gastric acid blocker pantoprazole
and the lipid-lowering drug atorvastatin. However, pantoprazole and atorvastatin were not only among
the most expensive but also among the most frequently purchased substances. The anticancer drug
nivolumab only received Swiss marketing approval in 2015, but costs doubled from 2016 to 2017.
In 2017, nivolumab entered the group of the most costly substances. This was also the case for the
antiviral dolutegravir, used in the treatment of HIV infection.
The costs of sofosbuvir, used in the treatment of hepatitis C, decreased substantially in comparison with
the previous report. This was true for sofosbuvir alone (Sovaldi®) and for the combination of sofosbuvir
and ledipasvir (Harvoni®). Reasons included the emergence of alternative, cheaper treatment options
and price reductions going along with the end of the restriction of reimbursement to patients in advanced
disease stages. The costs of the lipid-lowering drug rosuvastatin also dropped with the market entry of
different generic products.
In terms of numbers of claims, painkillers, psycholeptics, anti-inflammatory drugs and antirheumatic
drugs remained the leading therapeutic groups. Taken together, these groups were responsible for about
a fifth of all claims, at comparably low costs. The most frequently used substance in 2017 was again
paracetamol, followed by electrolyte solutions and the anti-inflammatory drug ibuprofen.
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As in the preceding years, women obtained more drugs than men (67.4 versus 46.0 million claims). In
women and in men, total drug costs continued to increase between 2016 and 2017, now reaching
CHF 3.5 billion and 4.0 billion, respectively. The highest proportion of costs was accrued in the age
group 18 to 64 years (55.1%), followed by persons above age 65 years (41.8%) and the population aged
0 to 18 years (3.0%). Of the five cantons studied in greater detail, the highest costs continued to be generated in Zürich, followed by Bern, Aargau, Geneva and Ticino. In comparison with the previous year,
drug costs increased in four of these cantons, while they decreased by 4% in the canton of Geneva.
Analysis by supply channel indicated that total costs and numbers of claims increased for all channels
we analysed more closely (pharmacies, physician’s offices, hospital outpatient departments). The relative increase was highest in the hospital outpatient departments, in terms of costs and number of
claims. This may be related to a shift of surgical procedures from the inpatient to the outpatient sector.
However, the absolute increase in costs in the hospital outpatient departments did not reach the absolute
increases seen in the pharmacies and physician’s offices. In the pharmacy channel, the costs of drugs
forming part of the anatomical main group (level 1 of the ATC classification) ‘blood’ increased steeply,
quite detached from the increase in number of claims. Specifically, the costs of anticoagulants and
coagulants showed a strong increase. In contrast, the costs of anti-infectives and hormonal drugs decreased. To a large extent, this was due to a shift of costs away from pharmacies and towards physician’s
offices and hospital outpatient departments. In the physician’s offices, strong cost increases were
observed for eye drugs as well as immunosuppressants and anticancer drugs. In the hospital outpatient
sector, the recently approved cancer drug nivolumab (Opdivo®, used in the treatment of lung cancer,
melanoma, and renal cell cancer) stood out. In 2017, it was one of the ten most costly substances in this
supply channel. In addition, the painkiller morphine showed a strong increase in the number of claims.
As in previous years, we added a series of in-depth analyses of special topics. A first additional analysis
investigated the vaccination coverage of Swiss children at the ages of 13, 25 and 37 months. The results
allow to draw cautiously positive conclusions on the national vaccination strategy supported by the
Swiss Federal Council. Vaccination coverage increased substantially for the birth cohorts 2010 to 2016.
For children with a 13-month follow up, coverage for the vaccinations against diphtheria (D), tetanus
(T), pertussis (P), haemophilus influenzae type B (Hib), and poliomyelitis (IPV) was constantly above
93%. Coverage was above 68% for measles (M), mumps (M), rubella (R) and hepatitis B (HBV).
However, overall, vaccination coverage rates were substantially lower than expected. For children with
a 25-month follow up, no canton achieved the intended coverage of 95% for the third DTP, Hib, and
IPV vaccination, and for the second MMR vaccination. Coverage rates were below average in the
cantons of Appenzell Innerrhoden, Appenzell Ausserrhoden, and Thurgau. They were highest in the
cantons of Zug, Solothurn, and Glarus. Vaccinations were mainly performed within the recommended
time windows. In order to further improve the implementation of the national recommendations on
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vaccinations, i.e., improve coverage rates further or maintain them at a high level, efforts of the cantons
to achieve public health objectives will be of particular importance.
A second additional analysis scrutinised new pharmaceutical products that entered the Swiss market
between 2014 and 2017. We assessed the frequency of appearance of new substances and new classes
of substances on the list of pharmaceutical products that are reimbursed by the Swiss compulsory health
insurance (Spezialitätenliste). Less than one in eight new entries on the list represented a new substance.
In total, there were 64 new substances attributable to already known classes of substances, and 50 new
substances attributable to entirely novel classes of substances. The latter included, amongst others, 20
new anticancer drugs, eight antivirals (all used for the treatment of hepatitis C), and six antidiabetics.
Only a dozen new products representing new substances attributable to new classes of substances
showed relevant market penetration in 2017, which may be an indicator of true innovation. The new
antivirals targeting hepatitis C form a prime example of successful market entry. Albeit under massive
mutual competition, they could establish themselves well and displaced the therapies used earlier near
completely.
In a third additional analysis, we examined the landscape of services relating to outpatient drugs in 2017.
In the outpatient sector of the health care system and during this time period, 73.8% of the Swiss
population had at least one drug purchase claimed to the compulsory health insurance. In persons
obtaining drugs, 4.3 different outpatient service providers (pharmacies, primary care physicians, specialists, or hospital outpatient departments) were involved, on average. Outpatient drugs were prescribed
by primary care physicians, specialists and hospital outpatient departments in 56.0%, 23.1%, and 20.0%
of cases, respectively. Drugs were most frequently supplied by pharmacies (50.6%), followed by
primary care physicians (26.3%), hospital outpatient departments (10.9%), specialists (9.7%) and mail
order pharmacies (1.9%). Large differences between cantons were noted, partially due to differential
cantonal regulations. High-price drugs (> CHF 900) were increasingly provided by mail order pharmacies, specialists, and hospital outpatient departments. We observed a complex, multi-layer landscape
relating to outpatient drugs, with a high proportion of the population being users and a variety of health
care services and drug providers. On the one hand, this allows for interprofessional patient care. On the
other hand, immense challenges arise, such as the need to ensure an exchange of information between
the involved actors that is sufficient to avoid medication errors.
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Summary 2019

Drugs ˗ while they generate high health care costs, they simultaneously have the potential to alleviate
symptoms, positively influence disease progression, avoid or shorten hospital stays, prolong life, and
improve the quality of life during this time. These positive and partly resource-saving effects, which
have both a direct and indirect impact on healthcare costs, contrast with the non-negligible direct costs
caused by drugs. To promote the rational use of drugs and to create a valid basis for health policy discussions, comprehensive data on drug utilisation and the costs they generate is essential. The aim of the
report on drug use in Switzerland, presented here in its sixth year, is to generate and provide reliable
data on the development of quantities and costs in the Swiss pharmaceutical market in recent years.
Analyses were again based on all services in the realm of the Swiss compulsory health insurance (obligatorische Krankenpflegeversicherung) submitted by health care providers and reimbursed by Helsana. The data stored in an electronic database include not only drug claims, but also surgical procedures and diagnostic tests. Inpatient services are reimbursed on a flat-fee-per-case basis and cannot be
used to assess drug use. Unless otherwise stated, the evaluations of drug claims and costs presented in
this report therefore relate to the period between 2015 and 2018, and predominantly represent outpatient
services. All results were extrapolated to the Swiss population level using multiplication factors updated
on a yearly basis. For the first time in this year’s report, we take a closer look at potential innovations
and developments in the field of biosimilars, in order to provide a comprehensive picture of the
constantly changing Swiss pharmaceutical market.
Since our first report on drug use in Switzerland, drug costs have risen steadily. While drug costs in the
compulsory health insurance were CHF 5 232 million in the year 2010, they already amounted to
CHF 7 634 million in the year 2018. This corresponds to an increase of 46% or CHF 2 402 million since
2010. Total healthcare costs rose likewise during this period, yet in a less pronounced way (according
to the latest data from the Swiss Federal Office of Statistics, by 26.7% between 2010 and 2017). The
increase in drug costs between 2017 and 2018 (+0.8%) was significantly lower than in previous years
(2015/2016: +6.2%; 2016/2017: +6.5%), partly due to the SFOPH’s reintroduction of regular reviews
and adjustments of drug prices. The latest growth by 0.8% constitutes the lowest relative annual increase
since 2010. The number of drug claims rose from 85.2 million (2010) to 119.9 million (2018).
Immunosuppressants remained the most expensive drugs at the therapeutic group level (level 2 of the
ATC classification), with costs of CHF 1 120 million in 2018, followed by anticancer drugs (CHF 729.8
million). Together, these groups accounted for almost a quarter of total drug expenditures, while their
joint contribution to the number of claims remained below 1.5%. Almost half of the increase in total
drug costs by CHF 2 402 million since 2010 was attributable to immunosuppressants and anticancer
drugs (CHF 1 142 million). This impressively demonstrates how expensive therapies in the areas of
oncology and immunology are in comparison with other therapeutic groups. Although immuno116
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suppressants and anticancer drugs were the most expensive, their relative cost increase between 2017
and 2018 only amounted to about one third of that seen in 2016/2017: +5.9% (CHF +62.8 million) for
immunosuppressants and +5.7% (CHF +39.1 million) for anticancer drugs. For the first time, comparisons over three years showed a long-term decreasing cost trend for antiviral drugs (-15.8%) between
2015 and 2018. With absolute costs of CHF 445.5 million, this group still ranked third among the most
expensive drug groups. In 2018, the largest relative increase in costs and the third highest absolute
increase in sales compared with the previous year was recorded for anticoagulants (+11.2%, CHF +29.6
million). Compared with 2015, anticoagulant costs even increased by 44.3%; only the costs of anticancer
drugs rose at a higher rate since then. In relative terms, the per capita costs of anticancer drugs increased
the most since 2015 (+78.0%; 2018: CHF 8 799), followed by anticoagulants (+38.1%; 2018: CHF 205).
In 2018, immunosuppressants recorded the highest absolute per capita costs of all therapeutic groups,
with CHF 10 356.
At the level of individual substances, there were only minor changes compared with 2017, regarding
both the most cost-intensive and the most frequently purchased active substances. In 2018, the highest
costs were newly caused by the immunosuppressant adalimumab (1.8% of total costs), closely followed
by infliximab and the anticoagulant rivaroxaban (1.7% of total costs each). The highest absolute growth
in sales between 2017 and 2018 was recorded for the multiple sclerosis drug ocrelizumab (CHF +35.4
million). As in previous years, the antipyretic painkiller paracetamol (3.8% of all purchases) was by far
the most frequently used substance. Electrolyte solutions and the proton pump inhibitor pantoprazole
(2.7% and 2.4% of all purchases) were ranked second and third.
The most cost-intensive pharmaceutical product in 2018 was Humira® (adalimumab), followed by the
anticoagulant Xarelto® (rivaroxaban) and Eylea® (aflibercept); the latter is used in the treatment of wet
age-related macular degeneration and similar eye diseases.
There were hardly any changes in the generics market compared with previous years. Pantoprazole was
once again by far the most frequently purchased generic drug and subsequently caused the highest costs.
In 2018, 22 new active substances entered the Swiss market, mainly anticancer drugs and immunosuppressants. Of the new active substances, ocrelizumab was the best-selling one, with a 13% share of
costs in its therapeutic group. By the end of 2018, a total of 12 biosimilars were approved for use in
Switzerland. However, the market penetration of biosimilars instead of their reference products remained below expectations. The unused theoretical potential for savings (assuming full market penetration by biosimilars) amounted to over CHF 45 million in 2018.
The specific part of this year’s report on drug use in Switzerland includes additional in-depth analyses
on three special topics.
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A first additional analysis investigated the frequency with which ten selected drug combinations with a
potential for clinically relevant interactions were prescribed and supplied in Switzerland in 2018. The
interaction between the antiplatelet drug clopidogrel and the proton pump inhibitors omeprazole or
esomeprazole potentially affected 12 045 patients and was therefore relatively frequent. The other
investigated drug combinations were prescribed much less frequently (in 82 to 1 917 patients). However, the interactions that may occur by using these drug combinations can lead to severe consequences
for the affected patients, ranging from the increased occurrence of undesired side effects to therapy
failure. The potentially interacting drugs were largely prescribed and/or supplied by the same service
provider. Consequently, the occurrence of interactions is not only an issue of information loss at
interfaces, but also seems to indicate quality problems at the level of the individual service providers.
In a second additional analysis, we examined the treatment of osteoporosis in Switzerland over the last
seven years (2012-2018). The most frequently used drug classes were bisphosphonates (BP) and monoclonal antibodies (MAB). At the level of individual substances, there was a clear trend towards increased
treatment with the MAB Prolia® (active substance denosumab), which was approved in 2010 and
dominated the market already in 2016: almost half of all patients undergoing osteoporosis therapy were
treated with Prolia®. The ratio of oral to parenteral therapy tipped from an originally balanced ratio in
2012 to predominantly parenteral therapy in 2018. The prevalence of adult patients with an osteoporosis
drug therapy dropped from 1.8% to 1.7% between 2012 and 2018, with above average values in southeastern Switzerland (including Ticino) and below average values in western Switzerland in 2018. The
observed overall prevalence of drug treatment in Switzerland was markedly lower than the prevalence
of osteoporosis determined in the Swiss Health Survey. The question arises whether a significant proportion of osteoporosis patients are in fact undertreated or whether this circumstance illustrates a deliberately restrictive treatment concept.
A third additional analysis scrutinised the Swiss market of antibiotics in the outpatient setting between
2012 and 2018, and examined whether there were any indications suggesting a more sensible and cautious use of antibiotics over time, in certain patient groups and regions. While the use of antibiotics in
general fell back to 2012 levels since the peak in 2013, the use of reserve antibiotics has increased
slightly. There was probably a shift from the inpatient to the outpatient setting due to the decreasing
length of stay in hospitals. In addition, in the vast majority of cases, broad-spectrum antibiotics were
used instead of narrow-spectrum substances. This was accompanied by a laboratory test rate for
pathogen and resistance testing of only 18% before the prescription of an antibiotic. Additional laboratory tests could be a useful tool for a more appropriate handling of antibiotics. The use of antibiotics
in children, on the other hand, stood out in a positive way, as we observed a frequent use of narrowspectrum preparations and a distinctly lower proportion of reserve antibiotics than in the rest of the
population. During the study period, tedizolid was the only new substance with a novel mode of action
added to the list of pharmaceutical products that are reimbursed by the Swiss compulsory health
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insurance (Spezialitätenliste). However, tedizolid was never invoiced on an outpatient basis until the
end of 2018. The situation with regard to the development of new antibiotics continues to be alarming,
as many pharmaceutical companies have dropped out of antibiotics research for economic reasons, and
as there are hardly any new preparations in the pipeline.
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