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Abstract
High data quality is a precondition for valid scientific conclusions. Indic-
ators should therefore routinely be used to evaluate data quality within
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Adrian Richter1the life cycle of health studies. In this project, 15 representatives of
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seven German population-based cohort studies assessed 51 quality
Herman Pohlabeln3indicators that were proposed in a guideline for networked medical re-

search. The applicability of the indicators to primary data collections Christa Meisinger4
was assessed. In addition, their importance was evaluated using a scale

Jürgen Wellmann5
ranging from 1 (essential) to 4 (not important). Moreover, their imple-

Sonja Selder6mentation in data quality assessments in the participating studies was
evaluated. Comments on potential improvements could bemade. Forty- Robin Houben7

three indicators were rated as applicable. Of these, 29 received amean
Michael Nonnemacher8importance score of 2 (important) or better, nine received a mean im-
Jürgen Stausberg8portance score of 1.5 or better. The latter represent a potential core

set of data quality indicators for cohort studies. Most indicators that
were rated as highly important were used in data quality assessments
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werden, um die Datenqualität innerhalb des Lebenszyklus von Gesund- of Epidemiology at UNIKA-T
Augsburg, Munich, Germanyheitsstudien zu beurteilen. In dem hier beschriebenen Projekt haben

15 Vertreter von sieben bevölkerungsbezogenen Kohortenstudien in
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1 (essentiell) bis 4 (nicht wichtig) sowie deren Implementation in den
teilnehmenden Kohorten. Verbesserungsvorschläge konnten gemacht
werden. 43 Indikatoren wurden als anwendbar angesehen. Davon er-
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hielten 29 eine durchschnittlicheWichtigkeit vonmindestens 2 (wichtig),
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Kohortenstudien relevanten Kernsatz von Indikatoren zur Erfassung
der Datenqualität. DieMehrzahl der hoch bewerteten Indikatoren wurde
in den teilnehmendenKohorten imRahmender Datenqualitätssicherung
betrachtet. Als Schwächen der Leitlinie wurden die Verständlichkeit
einzelner Indikatoren sowie die Struktur der Leitlinie identifiziert. Das
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Konzept von Indikatoren zur Datenqualität sollte weiter verbessert
werden, um den Nutzwert und die Anwendbarkeit im Rahmen primärer
Datenerhebungen zu erhöhen. In der praktischen Anwendung reicht
eine Teilmenge der Indikatoren aus, umwesentliche Aspekte der Daten-
qualität in Kohortenstudien zu beschreiben.

Schlüsselwörter: Datenqualität, Kohortenstudien, Indikatoren,
Datenmonitoring

Introduction
High quality data is a necessary precondition for valid
scientific conclusions. While numerous approaches to
define data quality have been made, these works are
heterogeneous with regards to the scope and type of data
quality dimensions, as well as the definition and compu-
tation of indicators to describe data quality [1], [2], [3],
[4], [5], [6]. There is a considerable difference between
demands on data quality assessments in primary data
collections compared to assessments in data obtained
from electronic health records because only the former
allow for a direct control of the data generation process.
Data quality frameworks for secondary data sources, such
as electronic health records, seem to have receivedmore
attention compared to primary data collections in the
health sciences [1], [3], [4], [7]. This may be related to
the fact that data provenance within secondary data col-
lections is less clear compared to primary data collections.
Yet, there is also a high demand to further harmonize
data quality assessments in primary data collections, for
example in epidemiologic cohort studies. There is neither
a standard terminology nor a consensus on the conduct
and reporting of data quality assessments. A better un-
derstanding of what is perceived as being important re-
lated to data quality indicators would therefore be helpful
to further elaborate guideline recommendations.
One point of reference for data quality assessments in
health studies was provided in Germany more than a
decade ago based on work within the TMF (Technology,
Methods, and Infrastructure for Networked Medical Re-
search), an umbrella organization for networked medical
research. The first edition of a data quality guideline was
developed based on a systematic literature review [8]. It
defined 24 data quality indicators and was structured
into three levels: plausibility/integrity, organization, and
trueness. These levels mirrored the approach of
Donabedian. He distinguished quality in health care on
the levels of structures, processes and outcomes [9].
Medical registries werethe initial focus of the guideline.
In 2011, the guideline was revised, leading to a version
2.0 with 51 indicators [10], [11], [12]. It was expanded
to cover demands for data quality indicators from different
study types such as registries, cohort studies, and
centralized research data repositories.
In this work, the applicability, importance and implemen-
tation of the TMF data quality indicators was assessed
by representatives from established German population-
based epidemiologic cohort studies. Based on this assess-
ment, we aimed to provide guidance on indicators con-

sidered to be of high relevance and on how to further
improve the guideline. Secondary data collections with
their specific demands, including the integration of data
from secondary sources within the participating cohort
studies, were not in focus.

Methods
Representatives of BiDirect (1 principal investigator,
1 senior scientist/statistician (senior refers to at least
10 years of experience with cohort studies), the Heinz
Nixdorf Recall Study (1 senior scientist, author of the TMF
guideline data quality), KORA (1 senior scientist/head of
examination centre), LIFE-ADULT (1 research associate),
the MRI group of the NAKO Health Study (3 quality
officers), the RKI health monitoring (1 senior scientist,
2 quality officers) as well as SHIP (1 co-principal investi-
gator/senior scientist and project partner in the revision
team of the TMF guideline, 2 quality officers) and the
senior author of the TMF guideline data quality partici-
pated in the project.
The assessment of the guideline was conducted as part
of a TMF-funded project on quality standards in cohort
studies. To assess the guideline, an Excel spreadsheet
to collect information on each indicator of the revised
TMF guideline was created by the Greifswald coordination
team. This spreadsheet contained all indicator names
and descriptions as depicted in the original publication
[12]. In a telephone conference in April 2015, a con-
sensus was obtained on two key evaluation aspects. First,
the perceived importance of the data quality indicators
for primary data collections was assessed using the scale:
essential (1), important (2), less important (3), and not
important (4). Indicator importance was assessed with
regard to the expected demands for primary data collec-
tions in general, rather than study-specific demands.
Second, the implementation of these indicators for data
quality assessments within the participating studies was
assessed, differentiating between two degrees of imple-
mentation: “mostly implemented”, “partially implement-
ed”. Subsequently, each cohort study received one
spreadsheet for completion and returned it to the coordi-
nation team by June. Preliminary results were discussed
in a one-day workshop in Berlin in June. The workshop
targeted a catalogue of requirements for cohort studies
[13] in the first part and subsequently the evaluation of
the TMF data quality guideline. One result of the workshop
was the addition of another item to the spreadsheet re-
garding the perceived applicability of each indicator in
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Table 1: Data quality indicators at the level integrity

primary data collections of cohort studies, because some
indicators were generically considered to be unsuitable
for primary data collections. Updates to the evaluation
sheet were subsequently made until October. Each parti-
cipating cohort study submitted one completed spread-
sheet. These were subsequently integrated by the Greifs-
wald coordination team into one result document.
Results were summarized based on counts and percent-
ages. The results in Table 1, Table 2 and Table 3 have
been organized by the levels plausibility/integrity, organi-
zation, and trueness of the TMF guideline. Displayed is
the mean importance across all studies and the count of
studies having implemented an indicator in their data
quality reporting. A mean of “1” was the highest possible
importance (essential), and a mean of “4” equals no im-
portance. All seven cohort studies provided complete
answers to the importance question. A data quality indi-

cator was described as being implemented if it was ap-
plied at least in selected study variables. Six cohort
studies participated in this assessment. In addition, the
number of studies who considered the indicator to be
inapplicable to their own context is displayed.

Results
The 51 indicators under evaluation in this study are briefly
described in Table 1, Table 2, Table 3 and Table 4 by
their internal TMF number (“TMF-ID.”). A more detailed
characterization of each indicator can be found in the
published TMF-guideline [12].
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Table 2: Data quality indicators at the level organization

Table 3: Data quality indicators at the level trueness

Table 4: Data quality indicators regarded as not being of importance for primary data collections

Applicability in cohort studies

In total, 43 out of the 51 indicators were perceived as
being potentially applicable. Eight indicators (Table 4)
were excluded as they were regarded as not being impor-
tant for primary but for other types of data collections,
such as registries. Examples are the proportion of obser-
vational units with unknown primary tumour (TMF-1026),

data sources per observational unit (TMF-1038), or the
Death Certificate Only-rate (TMF-1051), which reflects
subjects with death certificate only but no clinical data.
Themajority of inapplicable indicators belong to the level
“organization”.
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Importance of the indicators

In total, 29 out of the 43 remaining indicators received
an average importance score of two or better, nine indi-
cators received average evaluations of 1.5 or better.
These nine indicators target different aspects of data
quality. First, aspects of missing data are covered, e.g.
missing values in data elements (TMF-1013), missing
values in mandatory data elements (TMF-1014), and
observational units with follow-ups (TMF-1042). The
second group of indicators referred to value distributions
(TMF-1006), study centre effects (TMF-1052), and exam-
iner effects (TMF-1009). Furthermore, consistency (TMF-
1003) was regarded as essential, particularly in terms of
certain contradictions/errors in the data (TMF-1004). Fi-
nally, compliance with procedural rules (TMF-1047) re-
ceived a very high importance rating.
Indicators with the lowest importance were those with a
very narrow scope, vague implementation conditions, or
uncommon application scenarios in cohort studies. An
example of an indicator with a narrow scope is TMF-1008:
‘Medical tests on weekends’ because the realization of
examinations in cohort studies depends on the design
and may include examinations on weekends. Vague im-
plementation conditions concern the indicator ‘possible’
contradictions (TMF-1015), or the coverage of metadata
(TMF-1050), because metadata may comprise a highly
heterogeneous scope of data. Examples of indicators with
less common applications in cohort studies are missing
values in optional data elements (TMF-1015), and data
elements with unspecific values (TMF-1025).

Implementation in the cohort studies

Eight out of the nine indicators with an average evaluation
of 1.5 or better were implemented, where applicable, by
the participating cohort studies as part of their data
quality assessments. For example “drop-out rate” was
covered in all studies who have started follow-up assess-
ments. However, in studies with a baseline collection only
at the time of the survey there was no application for this
indicator.
The rate of implementation was systematically lower for
indicators which were considered less important. The
main reason for non-implementation of highly important
indicators was inapplicability to the respective study set-
ting. This was for example the case for TMF-1052 “Distri-
bution of parameters between study sites” in case of
monocentric studies, or for TMF-1034 “Drop-out-rate” in
case of lacking follow-up examination waves. In some
cases, the wording of the indicator name rendered it un-
suitable in some study settings. This was the case for
TMF-1008: “Medical tests on weekends” if examinations
were regularly conducted at weekends in a study.

Potentials for improvement of the TMF
guideline

Several potentials for the improvement of the guideline
were discussed. First, the organization of data quality in-
dicators into the three levels plausibility/integrity, organi-
zation, and trueness was considered by respondents to
be unclear in the context of primary data collections.
Second, some indicators should receive better explana-
tions. This concerns for example “coverage of metadata”
(TMF-1050). The current guideline presumes an existing
metadata concept to compute the related indicator, yet
guidance is lacking on the scope or type of metadata.
Third, the indicators have a very heterogeneous level of
abstraction. The indicator TMF-1008: “Medical tests on
weekends” is highly specific and only applicable if no ex-
aminations are made on weekends by design. A more
general formulation such as “inadmissible examination
date” would allow for more flexibility to assess the con-
sistency of recorded examination dates. In contrast, “ac-
curacy” (TMF-1043) is very broad andmight requiremore
guidance for an appropriate implementation. Another is-
sue concerned varying demands on data quality indicators
depending on the time point at which they are computed.
Data monitoring during an ongoing data collection is
primarily concerned with corrective actions to improve
data collection processes and data curation. In contrast,
the final evaluation of the data quality after completion
of a study forms the basis for decisions on the feasibility
of subsequent scientific analyses [14]. In the former case,
evidence of a single technical failure to import a data
field commonly triggers corrective data management ac-
tions while a singlemissing data fieldmight be considered
of irrelevant impact for statistical analyses in a large data
set.
Finally, none of the participating studies directly used the
TMF guideline as a basis for their data quality assess-
ments. Rather, their targets for data quality assessment
resembled indicators mentioned in the TMF guideline.

Discussion
The assessment of the TMF 2.0 data quality guideline by
representatives ofmajor German population-based health
cohort studies revealed that 43 out of 51 indicators are
regarded as being potentially applicable. In total 29 re-
ceived amean importance score of at least 2 (important),
nine received a mean importance score of 1.5 or better
with a score of 1 indicating essential importance. These
highest rated indicators cover missing values, value dis-
tributions, and the absence of contradictions. They may
form the basis of a useful core set of indicators to assess
data quality in cohort studies. In practice, a small subset
of data quality indicators may suffice to capture themost
important aspects of data quality. Most of them have
already been targeted by data quality assessments in the
participating studies. There was a consensus on the ne-
cessity to further improve the guideline. Issues regarding
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understandability may also explain why the guideline has
not been directly used as a basis for data quality assess-
ments in the participating studies.
The TMF guideline was selected for this assessment be-
cause it was and is the only available German framework
to assess data quality with relevance for primary data
collections and because it is promoted by one of themost
important German network organizations for medical re-
search, the TMF. Its relation to other data quality concepts
have been described elsewhere [11], [12]. Another Ger-
man work on quality standards in epidemiologic cohort
studies [13] defined a catalogue of requirements for the
preparation and conduct of cohort studies. It contained
requirements about the general necessity of a data
quality reporting without elaborating on relevant aspects
of data quality. This was a key aspect of the current work.
Insofar it complements the catalogue of requirements.
Our results can best be conceived as one step towards
a better understanding of demands for a harmonized
assessment of data quality in epidemiologic cohort
studies. Most indicators were considered potentially im-
portant for related primary data collections. Yet, this does
not necessarily extend to the individual study setting. This
emphasizes the need for tailored approaches to assess
data quality in line with specific design aspects of cohort
studies. Despite of substantial differences in the wording
there is considerable overlap to aspects targeted in data
quality frameworks which have been designed for elec-
tronic health records [4], [5]. Indicators related to data
completeness and data correctness form the indispens-
able core of data quality assessments. Yet, the ap-
proaches differ considerably because of the substantially
different data structures.
While the guideline targets important data quality aspects,
further developments seem indispensable. Beyond a
better description of some indicators, a process-oriented
approach to data quality assessments seems necessary.
For example, it is necessary to distinguish demands re-
lated to data monitoring and data curation from require-
ments regarding the final evaluation of data quality after
all data have been collected [14]. Furthermore, exten-
sions are recommended regarding the use of metadata,
which should be defined as precisely as possible. This
would provide important additional guidance for the cal-
culation of indicators. The classification of some indica-
tors as inapplicable for cohort studies reflected the
original design of the guideline, which was oriented to-
ward registries without primary data collections [8] and
cannot be considered a weakness. However, for some of
these indicators wording could be adapted to improve
applicability outside registries. This has been illustrated
above in the case of medical assessments on weekends.
The definition of indicators should also safeguard a har-
monized level of abstraction to improve their usability.
One strength of our assessment was the involvement of
representatives from established German population-
based health cohort studies. However, the number of in-
volved studies/persons in the evaluation was small. The
evaluation of the importance of data quality indicators

might have been biased by the degree to which these
aspects were already implemented in data quality assess-
ments. The interpretation of the presented results must
take into account that the focus was on primary data
collections in epidemiologic cohort studies, and relates
to the specific background under which these studies
have been implemented.

Conclusion
The TMF guideline 2.0 addresses many areas of impor-
tance for data quality assessments within epidemiologic
cohort studies. The nine highest rated indicators cover
missing values, value distributions, as well as the absence
of contradictions and may be conceived as a useful core
set of indicators to be targeted in data quality assess-
ments. However, improvements should to be made by
improving the structure of the guideline, the wording of
the indicators, and by adding a stronger focus on the
implementation of analyses. Hands-on guidance regarding
the setup of metadata would be helpful to increase the
usefulness and understandability of the guideline in the
context of cohort studies.
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