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Abstract

Objectives: Complex longitudinal sampling and the observational structure of patient registers in health services research are associ-
ated with methodological challenges regarding data management and statistical evaluation. We exemplify common pitfalls and want to
stimulate discussions on the design, development, and deployment of future longitudinal patient registers and register-based studies.

Study Design and Setting: For illustrative purposes, we use data from the prospective, observational, German DIabetes Versorgungs-
Evaluation register. One aim was to explore predictors for the initiation of a basal insulin supported therapy in patients with type 2 diabetes
initially prescribed to glucose-lowering drugs alone.

Results: Major challenges are missing mortality information, time-dependent outcomes, delayed study entries, different follow-up
times, and competing events. We show that time-to-event methodology is a valuable tool for improved statistical evaluation of register data
and should be preferred to simple caseecontrol approaches.

Conclusion: Patient registers provide rich data sources for health services research. Analyses are accompanied with the trade-off be-
tween data availability, clinical plausibility, and statistical feasibility. Cox’ proportional hazards model allows for the evaluation of the
outcome-specific hazards, but prediction of outcome probabilities is compromised by missing mortality information. � 2016 Elsevier
Inc. All rights reserved.
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1. Introduction

During the last decades, diabetes has developed into a
major public health concern [1]. An improved understand-
ing of the disease and treatment strategies are traditionally
established by large, randomized, multicenter, controlled
clinical trials [2e5]. However, noninterventional

real-world settings, long follow-up times, and partly rare
outcomes cannot be addressed in such trials due to
cost-effectiveness and practicability.

Thus, population-based and administrative registers con-
taining ‘‘routine data’’ have become more and more popu-
lar in epidemiological diabetes research [6e13]. Such
structural health registers are rich databases with a great po-
tential for modern epidemiology [7,14]. They provide stan-
dardized and systematically collected information about a
large population over long periods of time including
patient’s antidiabetic as well as concomitant drug use,
changes in treatment strategies, comorbidities, and selected
lifestyle conditions. Rapid hard- and software-based devel-
opments extremely simplified data collection, exchange,
and management.
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What is new?

Key findings
� Methodological challenges in health services

research include complex timing of events.

� We exemplify missing mortality information, time-
dependent outcomes, delayed study entries,
different follow-up times, and competing events
on the basis of a diabetes register-based study.

What this adds to what was known?
� We show that time-to-event methodology improves

statistical evaluation and should be preferred to
simple caseecontrol approaches.

What is the implication what should change now?
� Our presentation should contribute to the evalua-

tion of existing register-based data and may influ-
ence the planning and design of future registers
and studies.

However, the complexity and observational nature of
such data make the definition of the population underlying
the statistical analysis challenging. This is an omnipresent
problem in register-based epidemiological research and re-
quires advanced scientific expertise [15]. Registers do often
not completely meet corresponding study objectives in
terms of availability, accuracy, reliability, and completeness
of data [7,16e18]. In addition, individual information can
hardly be controlled by researchers. This data structure dis-
plays aspects that are possibly more challenging than
encountered in diabetes randomized clinical trials. In the
latter, time-to-event techniques are well established,
although, for example, proper handling of competing events
is still an open issue in the field [19]. The more involved
observational structure of registers may have led to an over-
emphasis on simpler statistical techniques. Our aim is to
both show that advanced time-to-event techniques are well
suited to reflect the data structure and to also point out open
issues.

In spite of growing interest in the evaluation of diabetes
registers, specific methodological literature is hardly avail-
able [6,15,19e23]. The present article intends to contribute
to this current field of research by discussing in detail major
administrative as well as statistical challenges illustrated on
a recently published register-based cohort study in patients
with type 2 diabetes [24]. We exemplify the determination
of the population, the timescale, and outcomes to be
analyzed as well as the connection of these choices to
determining the baseline covariates of interest. We further
draw a comparison between time-to-event methodology

and standard caseecontrol approaches. Database was the
German DIabetes Versorgungs-Evaluation (DIVE) register
[24e27].

2. Materials and methods

2.1. Study example

The DIVE data collection system is a prospective, obser-
vational, multicenter diabetes register. Enrollment of pa-
tients diagnosed either with type 1 or 2 diabetes mellitus
independent of the progression of the disease started during
the year 2011 with a trace-back of data to January 1, 2011.
From there on, the register prospectively tracks participants
in up to 200 countrywide doctor’s surgeries. DIVE is
ongoing and currently includes more than 135,000 patients.
Written informed consent is required for participation. The
study protocol received ethical approval from the Hannover
Medical School Ethics Committee and was carried out in
accordance with the Declaration of Helsinki [26]. Data
collection is accomplished by the professional diabetes
documentation software ‘‘DPV2 Diamax’’ (axaris software
& systems GmbH, Dornstadt, Germany). Data are either
transferred from the practice administration systems or
directly entered into the software by physicians. To ensure
accuracy, data input is linked with software-based plausibil-
ity checks. The aim of the DIVE register is to establish a
national diabetes register of standardized high-quality data
and to provide access to health services research.

For illustrative purposes, the present article takes up data
from a recent publication retrospectively analyzing the
DIVE register [24]. One aim was to explore prognostic fac-
tors associated with the initiation of a basal-supported oral
therapy (BOT) in patients with type 2 diabetes, which
added long-acting basal insulin to a first-line oral antidia-
betic drug (OAD), for instance, metformin. The observa-
tional period was defined as the time between January 1,
2011, and October 31, 2014.

2.2. Structure of the DIVE registry

The DIVE register consists of three main components:
First, ‘‘master data’’ contain demographic characteristics
such as diabetes type, gender, age, and date of diabetes
diagnosis. Second, ‘‘medication data’’ prospectively pro-
vide information on start and end dates as well as dosages
of prescribed antidiabetic treatment strategies and concom-
itant therapies. Third, ‘‘course data’’ include time-varying
parameters such as weight, blood parameters (glycated he-
moglobin, fasting/plasma blood glucose level), smoking
status, and comorbidities (for instance, hypoglycemic and
macrovascular/microvascular incidences). Drug informa-
tion as well as course data are only collected when physi-
cians actually see the patients.
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