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ARTICLE INFO ABSTRACT
Keywords: Background: Good data quality is essential when rare disease registries are used as a data source for pharma-
Patient registries covigilance studies. This study investigated data quality of the Swiss cystic fibrosis (CF) registry in the frame of a

Data quality
Data quality audit

Cystic fibrosis data reliability for registry-based research.

European Cystic Fibrosis Society Patient Registry (ECFSPR) project aiming to implement measures to increase

Methods: All 20 pediatric and adult Swiss CF centers participated in a data quality audit between 2018 and 2020,

and in a re-audit in 2022. Accuracy, consistency and completeness of variables and definitions were evaluated,

and missing source data and informed consents (ICs) were assessed.

Results: The first audit included 601 out of 997 Swiss people with CF (60.3 %). Data quality, as defined by data
correctness >95 %, was high for most of the variables. Inconsistencies of specific variables were observed
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because of an incorrect application of the variable definition. The proportion of missing data was low with <5 %
for almost all variables. A considerable number of missing source data occurred for CFTR variants. Availability of
ICs varied largely between centers (10 centers had >5 % of missing documents). After providing feedback to the
centers, availability of genetic source data and ICs improved.

Conclusions: Data audits demonstrated an overall good data quality in the Swiss CF registry. Specific measures
such as support of the participating sites, training of data managers and centralized data collection should be
implemented in rare disease registries to optimize data quality and provide robust data for registry-based sci-

entific research.

1. Introduction

Cystic fibrosis (CF) is a rare inherited disease with an incidence of
1:3357 newborns in Switzerland [1]. In the era of CFTR modulator
treatment, pharmacovigilance studies have shifted to confirming results
of phase-III studies in real-life scenarios, and patient registries have been
recognized as data platforms for real-world evidence. Optimal data
quality is a requirement for delivering robust and trustworthy clinical
information in this context. This is especially important for rare diseases,
as registries can close the gap of lacking large clinical trials due to low
patient numbers. Moreover, rare disease registries can be used as plat-
forms to specifically identify and recruit patients for randomized
controlled clinical trials [2]. Consequently, there is a worldwide
increasing interest in research on data quality within patient registries
[2-6].

The main components of data quality are accuracy (registry data
matching the medical records), consistency (registry data matching the
variable definitions), and completeness (missing registry information
that is present in clinical source data). Only sufficient data quality in
these three domains qualifies a registry to be used as a robust data
platform for clinical and epidemiological research. Criteria for good
practice and evaluation for patient registries have been suggested in the
past. These were internationally acknowledged and consist of a frame-
work requirement of data quality, research quality, and evidence quality
[3]. Other groups have also published recommendations for improving
the quality of rare disease registries, including aspects of governance,
infrastructure, documentation, training, and quality audit, amongst
others [4]. Since the implementation and sustainability of quality
criteria is sometimes difficult to achieve, especially in large registries,
surveillance tools such as data quality audits have been established.
These audits are based on internal or external independent and sys-
tematic examinations of data conformity to predetermined standards or
criteria. The findings - usually resulting from onsite visits - are subse-
quently reported to all staff members, indicating the areas for
improvement and highlighting good practice of data collection.

The European Cystic Fibrosis Society Patient Registry (ECFSPR) has
undertaken large efforts to enhance data quality, as well as improve data
collection coverage within Europe [7-9]. As a result, the European
Medicines Agency accepted the ECFSPR as a data source for
post-authorization efficacy (PAES) and safety (PASS) studies, following
a qualification opinion [10]. In 2018, the ECFSPR started data quality
audits in its member countries including Switzerland, focusing on
several larger CF centers in each country [8]. This was to ensure
Europe-wide quality standards in response to increasing interest in
registry-based research, including pharmacovigilance studies. In the
ECFSPR annual report 2020, the first summarizing results of these onsite
visits have been published, demonstrating an overall good data
completeness and identifying specific areas of future improvement [9].
Switzerland contributes data to the ECFSPR since 2008. The Swiss CF
registry has launched a national data quality program between 2020 and
2022 following the ECFSPR data audits, with onsite-visits before and
after feedback and training of the CF centers. The aim of this project was
to analyze data quality in a data quality audit to assess accuracy, con-
sistency, and completeness of variables and definitions, to define
shortcomings and difficulties in accomplishing good data quality, and to
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provide recommendations on how to optimize data collection in larger
patient registries.

2. Methods
2.1. Patient registry

The ECFSPR collects demographic and clinical data from people with
CF (pwCF) in Europe. Subjects are included according to defined regu-
lations after signing an informed consent [11]. Annual data collection
includes information on demographics, diagnosis, cystic fibrosis trans-
membrane conductance regulator (CFTR) variants, growth parameters,
lung function, microbiology, treatment, complications, organ trans-
plantation, and mortality. In the ECFSPR, data from more than 52,000
pwCF are included from 39 participating countries [9]. The Swiss na-
tional CF patient registry participates in the continuous annual ECFSPR
data collection, using a joint web-based data collection platform called
ECFSTracker. All 20 Swiss CF centers participate in the registry,
resulting in a coverage of >98 % of all Swiss children and adults with CF.

2.2. Data quality audits

With regards to the ECFSPR data audit, the first onsite visits were
conducted in 2018 by a team from the ECFSPR and the Interdisciplinary
Centre for Clinical Trials, University Medical Centre Mainz, Germany.
Annual data from the 2016 data collection were verified at source level
in four countries (Austria, Portugal, Slovakia, Switzerland). During this
first period of onsite visits, four out of 20 pediatric and adult Swiss CF
centers were included (Table S1). To complete data validation on a
nationwide level in Switzerland, a national auditor conducted onsite
visits from February to August 2020 and verified annual data from the
2018 data collection at source level in the 16 remaining Swiss CF centers
(Table S1). Data structure was identical between 2016 and 2018. The
ECFSPR variable definitions also remained unchanged expect for liver
disease, as variceal bleeding was added to the definition in 2018
(Table S2). Therefore, comparison between the two years of data
collection seemed appropriate. Subjects in each center were randomly
selected for data validation. In each center, as many individuals as
possible were included for validation in the time frame of one working
day. Only pwCF with existing written informed consent (IC) could be
included in the data validation. After feedback of the audit results and
training of the CF centers, we conducted a scheduled re-audit in 2022
(2021 data collection) on the major shortcomings of the first audits,
specifically focusing on the availability of genetic source data and ICs.
One center could not be re-audit for organizational reasons (Table S1). A
summary of the different audit phases is displayed in Table 1.

2.3. Variables and definitions

The selection of variables focused on items of particular importance
for key registry reporting in the ECFSPR, including variables that have
been highlighted as challenging by users. Those included demographic
data, diagnostic and transplant data, anthropometric data, best lung
function measurement, results of selected bacterial infections, medica-
tions, and complications (Table 2 and S2). In 2020, additional variables
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Table 1
Characteristics of the three phases of data quality audits between 2018 and
2022.

Audit Data Audit by Centers included”  Aims
year year
2018 2016 ECFSPR 4 largest CF Data validation of key
centers (2 registry variables**
pediatric, 2 adult)
2020 2018 Swiss CF All remaining 16 Completion of data
registry CF centers validation on a nationwide
level
2022 2021 Swiss CF 19 CF centers Re-evaluation of
registry availability of genetic

source data and informed
consents

* for details, see Table S1.
" according to an ECFSPR audit protocol, focusing on variables of importance
for registry-based pharmacovigilance studies.

for bacterial colonization and medications including CFTR modulator
therapies that were not yet included in the 2018 audit were evaluated
for the 16 centers audited. Definitions of variables were used according
to ECFSPR (Table S2). In addition to data quality and completeness,
availability of written informed consents to participate in the ECFSPR
was evaluated.

Correct data reflects accuracy (values entered in ECFSTracker
matching the medical record), consistency (values entered in ECF-
STracker matching the definitions set by ECFPR), and completeness
(missing information in ECFSPR that are present in clinical source data
or missing source data or missing ICs, respectively). High data quality
was defined as >95 % correctness for all items.

2.4. Ethics approval and informed consent
This research project complies with the principles of the Declaration
of Helsinki. The study has been approved by the cantonal ethics com-

mittees of all participating centers. Written informed consent is required
from all pwCF included in the Swiss CF registry data collection.

Table 2
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2.5. Statistical analysis

Data quality for accuracy, consistency and completeness was defined
as good if correctness was >95 %, and poor if >5 % were incorrect,
according to ECFSPR definitions ([8,9]). Data quality was compared
across the study centers according to center size defined by the number
of individuals (small n<35, medium n=35-74, large n>=75) using the
Kruskall-Wallis test. Cut-offs of number of individuals per center reflect
the distribution of center size in Switzerland, with four large centers,
eight medium-sized centers and eight smaller centers. Data quality was
also compared between adult and pediatric CF centers as well as ac-
cording to the professional background of the local data managers using
the Mann-Whitney test. Descriptive statistics and non-parametric tests
were performed using SPSS 25 (IBM, Illinois/Chicago, USA). Statistical
significance was defined as p-value <0.05, and two-sided tests were
used.

3. Results

In the first onsite visits in 2018 and 2020, 601 out of 997 individuals
with existing registry records (60.3 %) were audited (25.3-100 % per
center, depending on patient number and organization of clinical re-
cords in the centers) (Table S3). Data quality, as defined by correctness
>95 %, was high for most of the variables (Table 2). Incorrect data of
>5 % were observed for body height and weight, FEV1, and liver dis-
ease. While in the ECFSPR FEV1 is defined as the best value during the
year of follow-up, the last measurement in the calendar year was used by
mistake in some cases. Likewise, body weight and height should be
collected at the date of best FEV1, not at the last clinical visit during the
year of follow-up. Due to lack of a precise ECFSPR definition for liver
disease and hemoptysis, data correctness was judged to be debatable in a
low number of individuals. The proportion of missing data was very low
and did not exceed 5 % in almost all variables. A considerable number of
missing source data occurred for CFTR variants only.

A high variability between the centers for the availability of written
informed consent to participate in the ECFSPR was found (Table 3). The
proportion of missing ICs ranged from 0 and 69.2 %, and in 10 centers
>5 % of ICs were missing. The overall number of missing ICs for
Switzerland was 15.5 % in the 2018/2020 data quality audits. There was

Data quality (n records, %) for all variables included in the data audit. Data inaccuracy in >5 % of records is depicted in bold. Microbiology data refer to oropharyngeal

swab, sputum, or bronchoalveolar lavage fluid.

Variable Correct Incorrect Missing entry No source data Debatable Total
Gender 469 (99.8) 1(0.2) 0 0 0 470
Date of birth 468 (99.6) 2 (0.4 0 0 0 470
CFTR variant 1 311 (66.5) 2(0.4) 0 155 (33.1) 0 468
CFTR variant 2 303 (65.0) 4(0.9) 3(0.6) 156 (33.5) 0 466
CFTR variants both 300 (64.5) 5(1.1) 3(0.6) 157 (33.8) 0 465
Lung/liver transplant 467 (100) 0 0 0 0 467
Height 402 (86.6) 42 (9.1) 9(1.9) 11 (2.4) 0 464
Weight 375 (81.0) 71 (15.3) 9(1.9) 8(1.7) 0 463
FEV1 352 (80.5) 72 (16.5) 5(1.1) 8(1.8) 0 437
Inhaled antibiotics 439 (94.8) 13 (2.8) 4(0.9) 7 (1.5) 0 463
Inhaled rhDNAse 440 (95.0) 12 (2.6) 2(0.4) 9(1.9 0 463
Hypertonic saline* 268 (95.7) 5(1.8) 2(0.7) 5(1.8) 0 280
Pancreatic enzymes 447 (96.5) 7 (1.5) 3(0.6) 6(1.3) 0 463
Insulin therapy 446 (96.3) 7 (1.5) 2(0.4) 8(1.7) 0 463
Azithromycin* 262 (93.2) 10 (3.6) 5(1.8) 4 (1.4) 0 281
CFTR modulators* 272 (96.8) 2(0.7) 3(1.1) 4(1.4) 0 281
Hemoptysis 438 (94.6) 13 (2.8) 2(0.4) 5(1.1) 5(1.1) 463
Liver disease 400 (86.4) 37 (8.0) 4(0.9) 5(1.1) 17 (3.7) 463
P. aeruginosa 434 (96.0) 11 (2.4) 3(0.7) 4(0.9) 0 452
H. influenzae* 258 (95.2) 8 (3.0) 4(1.5) 1(0.4) 0 271
Achromobacter spp.* 265 (98.1) 1(0.4) 3(1.1) 1(0.49) 0 270
S. maltophilia*™ 259 (95.6) 7 (2.6) 4 (1.5) 1(0.49) 0 271
Burholderia spp. 442 (97.8) 3(0.7) 3(0.7) 4(0.9) 0 452
MRSA* 265 (98.1) 0 2(1.1) 3(0.7) 0 270

" variables added in the 2020 data quality audit.
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Table 3

Proportion of missing informed consents per center for the first (years 2018 and
2020) and second (year 2022) data quality audit. Center numbers were defined
according to the number of pwCF in ascending order. One center was not audited
in 2022 (n/a). Note that the number of audited subjects was different for both
time points (60.3 % in 2018/2020 versus 100 % in 2022).

Center no. ICs missing 2018/2020 audit n (%)  ICs missing 2022 audit n (%)
1 4 (66.7) n/a

2 0(0) 1(11.1)
3 2(10.0) 0(0)

4 0 (0) 5(22.7)
5 4(17.49) 5 (15.6)
6 0 (0) 0 (0)

7 17 (58.6) 3(9.7)

8 5(14.7) 3(8.1)

9 27 (69.2) 16 (38.1)
10 2(5.1) 0 (0)

11 2(4.7) 3(7.0)
12 10 (21.7) 0 (0)

13 0 (0) 0 (0)

14 1(2.1) 16 (31.4)
15 1(2.0) 0 (0)

16 0(0) 2(3.5)
17 1(1.8) 0(0)

18 18 (25.7) 7 (8.3)
19 4(8.0) 7 (5.6)
20 1(1.4) 1(0.7)
Switzerland  15.5% 6.6%

no significant difference in the proportion of missing ICs between pe-
diatric and adult CF centers (data not shown).

Since the number of missing genetic source data and ICs were the two
most critical findings in the first ECFSPR and Swiss data quality audits in
2018/2020, we performed a re-audit in 2022 specifically for the
completeness of these two items in the CF registry. All 1045 records
available in the Swiss CF registry were included at that time, except for
one center with only 6 subjects registered. The validation visits occurred
after all centers had been given feedback on the outcome of the first
audit and training on data quality. In this second audit, a total of 28.0 %
of genetic source data were still missing (overall improvement of 5.8 %
compared to 33.8 % in 2018/2020; data not shown), whereas the overall
number of missing ICs was reduced to 6.6 % (improvement of 8.9 %;
Table 3). However, the number of centers with >5 % of missing ICs
remained unchanged (n=10).

4. Discussion

This study is the first to report outcomes and measures of a national
data quality project within the ECFSPR framework. Data audits
demonstrated an overall good data accuracy, consistency and
completeness in the Swiss CF registry as a result of a long-standing effort
to implement provisions to improve data quality in the ECFSPR. These
traditionally include written data coding documents on variables and
their definitions, standard operating procedures and training sessions on
both data collection and software, using built-in error recognition in the
software and a thorough statistical error correction and data cleaning
procedure during each year of follow-up. Major shortcomings regarding
the completeness of genetic source data and ICs could be improved after
providing feedback and training to participating centers.

The Swiss national results on data quality were comparable with the
summarized findings of all countries participating in the ECFSPR and
demonstrated an overall good data quality with most variables
achieving data correctness of >95 % [9]. Incorrect data in >5 % of the
audited records were equally found for height, weight and FEV1 in
Europe and Switzerland. The reason for this finding was an inconsistent
application of the variable definitions by local data managers. Liver
disease also yielded >5 % of incorrect data according to the ECFSPR
variable definition in both Europe and Switzerland, and in some cases,
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correct application of the definition was judged to be debatable. This
observation reflects a general haziness in the clinical definition of liver
disease and the challenge of translating it into a registry variable. The
ECFSPR reacted to this after the first data quality audit and specified the
variable definition by adding “variceal bleeding” to the options to
choose from for the 2018 data collection. Still, we found persisting
numbers of incorrect data in the 2020 audit, reflecting a general un-
certainty in clinical diagnosis and documentation of CF liver disease.
Similarly, a higher number of incorrect and debatable results were
observed for hemoptysis due to a shortcoming of variable definition.
Consequently, the ECFSPR adapted the definition for hemoptysis in
2021 to “major volume of blood expectorate >250ml in a day during the
year of follow-up”. These examples demonstrate the need for precise
variable definitions that reflect clinical classifications and, at the same
time, consider the commonly used terms of medical record
documentation.

Few studies have assessed data quality in CF registries, and diffi-
culties in correctly applying variable definitions have been in the focus
ever since. An early French study compared clinical source data to
registry data in 242 records collected from different CF centers and,
similar to our findings, observed a high discrepancy especially for FEV1
data and the associated anthropometric measures as a result of wrongly
selected lung function measurements [12]. This study also found
considerable deviation of lung function values by incorrect application
of spirometry reference standards — a problem the ECFSPR has overcome
by collection of lung volumes in liters only and computing predicted
values by a standardized reference internally within the ECFSTracker
software, applying the Global Lung Function Initiative equations [13].
Issues related to interpretation of variable definitions were also reported
by other disease registries, highlighting the need for extensive and re-
petitive training of local data managers in charge of registry data
collection [14].

When comparing European to Swiss audit outcomes, a considerable
difference was found for the completeness of genetic source data, with
overall 99 % complete data Europe-wide compared to 66.2 % in
Switzerland. Upon further investigation in the centers, this was found to
be because the genetic lab results were not transferred from the pediatric
to the adult center during the transition process. In the era of precision
medicine with CFTR modulators, this finding bears the potential risk
that, if genetic source data cannot be verified by the prescribing physi-
cian, a mutation-specific drug may be incorrectly prescribed. After the
CF centers received feedback on the audit results and training on data
quality, the proportion of missing genetic lab results improved, how-
ever, more than a quarter were still missing indicating that considerable
effort needs to be applied to further optimize the availability of clinical
source data.

In recent years, data quality programs including audits have been
implemented in several national disease registries, with different ap-
proaches. The U.S. National Cardiovascular Data Registry assesses data
accuracy and completeness, however, datasets failing the validity and
completeness checks are rejected and returned to the sites for
improvement [5]. Valid but incomplete data are included into the
database but are not used in reports. This approach guaranties highly
robust data for research but may considerably decrease the number of
subjects and skew analysis due to missing datasets. Other registries
persue a strategy similar to the ECFSPR, with inclusion of all submitted
subjects but a standardized framework of measured to constantly
enhance data quality, including audits, to strengthen clinical relevance
of registry data [15-17].

An important finding of the Swiss data quality audit was the high
variability between the centers concerning the availability of written
ICs. In the 2022 re-audit, the number of missing ICs had improved from
15.5 % to 6.6 % after training of the CF centers; however, there was a
persistently high variability across centers. In the ECFSPR, the avail-
ability of a valid IC must be confirmed in the data collection software
ECFSTracker (tick box) by the local data manager during data collection.
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In this data quality audit, we observed that some centers were not aware
they should obtain written IC from all pwCF or their caregivers before
registry data collection, despite this is a legal requirement. At the same
time, providing individual patient data to the ECFSPR is compulsory for
CFTR modulator therapy prescription in Switzerland, issued by the
federal office of public health. The idea behind this prerequisite is that
postmarketing data on outcome can be evaluated systematically. This
may, in part, explain, why some individuals were included into the data
base (legal requirement), but the ICs was not obtained beforehand for
logistic or other reasons.

Shortcomings in collecting written informed consents from in-
dividuals before inclusion in a registry is a global and widespread issue,
as demonstrated also by other groups (Boulton 2022). For clinical trials,
ICs are collected thoroughly before a subject can be included, and their
availability is strictly controlled during the study monitoring. Registries
often do not have an established monitoring process and therefore the
responsibility to collect and review ICs is in the hands of the local data
managers only. This is bothersome especially when it comes to registry-
based research and pharmacovigilance studies, where consent is
mandatory. It has been shown that repeated audit cycles can largely
improve compliance and consent rate to overcome these limitations
[18].

As a limitation, the wide range of audited records per center between
25.3 % and 100 % could have skewed the results since comparison be-
tween a random sample and a total population per center was per-
formed. However, the intention of this manuscript was not to compare
the performance between the individual centers, but to get a nation-
wide picture of the data quality and the availability of important doc-
uments such as source data and ICs in a large national patient registry.

The findings of this Swiss registry audit on data quality have several
implications for future registry data collection and might be of potential
interest for other rare disease registries. Following the evaluation of the
audits, several measures were implemented to improve data quality
where it was lacking. General feedback on audit results were regularly
released and discussed during the annual meetings of the Swiss CF
centers, including training on data collection, data quality and
completeness. CF centers were asked to obtain and provide missing
source data on genetic information and missing ICs. CF centers received
an individual written report on the results of the audit, together with
information on how to improve their data collection in the following
years. Repeated re-audits will be scheduled during the next years in all
CF centers. Most importantly, national data managers were recruited
and will perform all data collection in the Swiss CF centers in future,
overcoming the problem of heterogenous qualification and training
status as well as limited time resources of local data managers in the
centers. These actions will enhance standardization, accuracy, consis-
tency, and completeness of the annual registry data. A complete over-
view of all interventions to improve data quality in large, rare disease
registries is depicted in Table 4. The determination of interventions and
identification of their anticipated impact stated here were identified by
the experience from the ECFSPR and Swiss national data quality audits,
but also include suggestions from other reports on data quality in reg-
istries [3,4,7,8,12].

In conclusion, we demonstrate an overall good data quality in the
Swiss CF registry with the few shortcomings mainly regarding the cor-
rect application of specific variable definitions. A varying number of
missing informed consents were observed, which required direct feed-
back and re-audit. Specific feedback and teaching to centers, training of
local staff, implementation of national data managers and repeated
audits were implemented as a result of the onsite visits, to optimize data
quality and provide robust data for scientific research, including
registry-based pharmacovigilance studies.
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Table 4
Interventions to improve and secure data quality in disease registries and their
impact on data collection.

Intervention Impact

Providing written SOPs and data coding
documents / data dictionaries for data
collection, variables, and variable
definitions

Clear guidelines and references for
data collection

Securing of a sustainably high
quality of data collection

Repetitive training of data managers on
SOPs, variable definition and data
collection

Implementation of national data managers Standardization of data collection
for a centralized data collection

Regular data quality audits including
individual feedback to centers and data

Re-evaluation and revision of
performance, increase of consent

managers rate
Data quality reporting (public and non- Increase of awareness on data
public) quality and areas for improvement

Reaction to observed haziness and
uncertainties
Allocation of robust data

Precision and continual re-evaluation of
unambiguous variable definitions

Confirmation and transfer of source data, e.
g., during transition from pediatric to adult
center

Built-in error recognition in the registry
software

Statistical error correction and data cleaning
procedure after each data collection

Quality control and feedback

Quality control and optimization

Switzerland. The sponsor was not involved in study design, data
collection and interpretation, writing of the manuscript and publication.
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