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Summary
Background: A set of core diabetes indi-
cators were identified in a clinical review of 
current evidence for the EUBIROD project. In 
order to allow accurate comparisons of dia-
betes indicators, a standardised currency for 
data storage and aggregation was required. 
We aimed to define a robust European data 
dictionary with appropriate clinical defini-
tions that can be used to analyse diabetes 
outcomes and provide the foundation for 
data collection from existing electronic 
health records for diabetes.
Methods: Existing clinical datasets used by 
15 partner institutions across Europe were 
collated and common data items analysed 
for consistency in terms of recording, data 
definition and units of measurement. Where 
necessary, data mappings and algorithms 
were specified in order to allow partners to 

meet the standard definitions. A series of de-
scriptive elements were created to document 
metadata for each data item, including 
 recording, consistency, completeness and 
quality. 
Results: While datasets varied in terms of 
consistency, it was possible to create a com-
mon standard that could be used by all. The 
minimum dataset defined 53 data items that 
were classified according to their feasibility 
and validity. Mappings and standardised 
definitions were used to create an electronic 
directory for diabetes care, providing the 
foundation for the EUBIROD data analysis 
 repository, also used to implement the dia-
betes registry and model of care for Cyprus.
Conclusions: The development of data dic-
tionaries and standards can be used to im-
prove the quality and comparability of health 
information. A data dictionary has been de-
veloped to be compatible with other existing 
data sources for diabetes, within and beyond 
Europe.
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1. Introduction 
Non-communicable diseases (NCDs) are 
currently addressed as a global priority for 
public health monitoring [1]. Among these, 
diabetes represents a condition that is 
taken very seriously by policy makers, but 
seems still difficult to report consistently 
over time, both nationally and interna-
tionally [2].

A global diabetes prevalence of 8.3% 
was reported in 2013 [3]. Accurate report-
ing is hampered by the size of the target 
population, the difficult comparability of 
classification systems [4] and changing 
case definitions [5]. In 2014, key diabetes 
indicators (e.g. complications) were still 
not available for international compari-
sons. Since the St. Vincent Declaration [6], 
a series of initiatives aimed at resolving the 
problem were conducted in Europe. 

DIABCARE [7], promoted by the Inter-
national Diabetes Federation (IDF) and 
World Health Organization (WHO) offices 
of Europe was the first attempt to aggregate 
diabetes data from local databases for in-
ternational benchmarking. Its “Basic Infor-
mation Sheet” represented for many years 
an influential reference for the evolution of 
indicator monitoring.

In the early 2000s, the European Com-
mission (EC) financed the projects “EUro-
pean Diabetes Indicator Project” (EUDIP) 
[8] and “EUropean Core Indicators in Dia-
betes” (EUCID) [9], with the aim of estab-
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lishing a system of diabetes indicators 
across the European Union (EU). The “EU 
Report on Major and Chronic Diseases” 
[10] provided initial terms of reference, 
highlighting the limited comparability of 
methods and data elements collected at 
national level. Between 2005–2008, the EU 
funded “Best Information through Re-
gional Outcomes” (BIRO) [11] carried out 
an in-depth assessment of needs, oppor-
tunities and barriers of diabetes informa-
tion in seven countries, specifying a com-
mon infrastructure through better inte-
gration of regional data collection. The 
project standardised many different as-
pects, including measures collected in dia-
betes registries, analytical techniques and 
presentation of indicators. 

All operations were automatically sup-
ported by privacy-enhanced open source 
software, the “BIRO system” [12], using a 
split procedure that processed sensitive 
data at the level of each data source, while 
exchanging micro-aggregates beyond their 
boundaries [13].

In 2008, the EC provided further sup-
port for the project “EUropean Best Infor-
mation through Regional Outcomes in 
Diabetes” (EUBIROD, 2008–2012) [14], 
with the aim of completing and using the 
BIRO system for the production of diabetes 
indicators. In EUBIROD, standardised 
definitions were regarded as a fundamental 
prerequisite to improve the quality, rel-
evance, consistency, availability and com-
parability of regional and national infor-
mation across different jurisdictions. 

A data dictionary, or metadata reposi-
tory, was considered of interest for its value 
as a “centralized repository of information 
about data e.g. meaning, relationships to 
other data, origin, usage, and format” [15]. 
Specific examples in the health sector 
adopting the standard ISO/IEC 11179 in-
cluded the Australian Metadata Online 
Registry (MeteOR) [16], the US Health 
 Information Knowledgebase [17] and the 
National Cancer Data Standards Reposi-
tory [18]. 

In the context of diabetes, a European 
Data Dictionary might support a range of 
connectivity applications of use for re-
search and disease management. This 
paper aims to present how EUBIROD de-

veloped a specific diabetes data dictionary 
responding to the following questions:
• which data elements are necessary to 

compute a core set of diabetes indicators 
in Europe?

• what data sources are available to de-
liver results on a routine basis?

• to what extent are data elements com-
plete, consistent and standardised in the 
available data sources?

• how can one define standardised data 
elements from the existing definitions 
adopted in diabetes registries?

2. Methods

The data dictionary was the result of a 
series of procedures carried out in two 
 separate steps.

2.1 Step 1. The BIRO Common 
 Dataset

The work plan of the BIRO project in-
cluded precise indications on the prepara-
tion of the data dictionary. A mix of evi-
dence-based and feasibility criteria were 
agreed for the selection of diabetes-related 
parameters to be routinely collected from 
multiple datasets available in participating 
centres.

The BIRO Clinical Review [19] deliv -
ered an initial list, based on a systematic as-
sessment of the scientific literature of dia-
betes indicators, classified according to 
scientific soundness, reliability and feasibil-
ity. A core set of indicators were included 
in a reference framework, taking into ac-
count different domains considered rel-
evant for diabetes monitoring. The list was 
initially assessed and periodically revised 
by partners of the BIRO and EUBIROD 
projects, including endocrinologists, epi-
demiologists, statisticians and IT experts.

The BIRO Common Dataset [20, 21] 
translated the results of the Clinical Re-
view, complemented by further investi-
gation and cross-reference against the 
existing classifications, producing technical 
specifications for subsequent data collec-
tion and analysis.
▶Box 1 shows the characteristics con-

sidered for each parameter. The Inter-
national System of Units (SI) [22] was se-
lected as an agreed standard for numerical 
values. The consistency of evidence-based 
definitions was compared against current 
standards adopted by selected partners of 
the BIRO project:
• DiabCare [7]
• Forum for Quality Systems in Diabetes 

Care (FQSD) [23]
• The Scottish Diabetes Core Dataset [24]
• Umbria Diabetes Register (PROMODR) 

[25]

The definitions for each data item were 
compared at face-value to agree a common 
and clinically relevant standard in dis-
cussion with all partners. Further compari-
sons were made with definitions endorsed 
by the Australian Diabetes, Obesity and 
Lifestyle (AusDiab) [26] study, adding a 
view beyond European borders.

The BIRO Common Dataset [27] was 
finally released with full XML specifica-
tions [28] in July 2009. The specifications 
were implemented into the first prototype 
of the BIRO software, used to test different 
choices of local definitions against the 
commonly agreed structure.

All specifications, including the choice 
of clinical parameters and quality and out-
comes indicators, were further refined 
based on the results of an independent 
multidisciplinary evaluation, carried out as 

Box 1 Characteristics considered for each pa-
rameter

•  Parameter code
• Clinical or agreed definition
• Published source of the definition
• Database storage type (text, integer, 

decimal, date time, etc)
• Value to define the length a text value
• Unit of measurement for the data item 

(e.g. m, mmol/l, kg/m2, %)
• Enumerated Types: for items with a 

 finite number of categories (e.g. dia-
betes type)

• Upper boundary threshold (if relevant)
• Lower boundary threshold (if relevant)
• Whether or not the local recording is 

mandatory
• Recommended clinical guideline value
• Published source of the guideline value
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an integral part of the workplan of both 
BIRO and EUBIROD.

2.2 Step 2. The EUBIROD Survey

The EUBIROD project aimed to apply the 
initial scheme in diverse settings, consider-

ing methodological issues e.g. the need for 
proper references for denominators (both 
in the diabetic and general population); the 
state transition from healthy to diagnosed, 
and migrations over time; structural char-
acteristics, including the geographical lo-

cation of data sources and the fine parti-
tioning of catchment areas; etc.

The Data Dictionary was extended to 
take stock of different characteristics (data 
source, population, subjects) available from 
multiple sources. The consistency of stand -
ard definitions with local practices was as-
sessed to ensure proper functioning of ana-
lytical software through a pilot survey con-
ducted across EUBIROD diabetes registers 
(▶ Table 1).

The assessment included a brief descrip-
tion of the local data source (source type 
e.g. disease management programme or 
 regional/national diabetes register; health 
workforce and catchment area), and a 
series of criteria to compare parameters 
against EUBIROD definitions (▶ Table 2). 
The direct collaboration of data custodians 
allowed refining the structure of meta-data 
under real life conditions.

An electronic interface (the “Meta-
 registry of Diabetes Data Sources”) was de-
veloped to assist data custodians in clas-
sifying each item in a “core list” extracted 
from the data dictionary, according to 
specified criteria (▶ Figure 1). The meta-
registry included the following sections: 
structure (site header and profile datasets), 
local data items (implementation of com-
mon and activity datasets), privacy per-
formance assessment [29].

The meta-registry allowed for a single 
custodian to manage multiple data sources, 
each identified by a “BIRO unique data 
source identifier” (BUDSI) that was as-
signed by the user as a combination of 
codes from the official Nomenclature of 
Territorial Units for Statistics (NUTS) [30]. 
This way, each data source could be 
uniquely linked to a specific catchment 
area, from which the reference population 
was assumed to be exclusively attributable 
to a specific location. The meta-registry is 
available for further use by current and 
 future partners, and is open to the public 
for a quick evaluation [31].

2.3 Metadata Collection 

Metadata were collected through the sur-
vey application using two main sections. 
The initial section on structural character-
istics was used to describe general charac-
teristics of each data source. An additional 

Country

Austria*

Croatia

Cyprus*

Germany

Hungary

Ireland

Italy*

Luxembourg

Malta*

Norway*

Poland

Romania*

Slovenia

Sweden

United Kingdom*

*Original partners of the BIRO Project

Diabetes Register

Forum for Quality Systems in Diabetes Care, Styria

National Diabetes Register

Larnaca Region

Forum for Quality Systems in Diabetes Care, 
 Rheinland-Pfalz

GPMSSP Database

AMNCH, Tallaght

Regione Umbria and the SID National Network

Pediatric Clinic Database

Mater Dei Hospital

National Diabetes Register

Silesia University Hospital

Bucharest Diabetes Database

Type 1 Childhood Diabetes Register

Skaraborg Primary Care Diabetes Database

DARTS, Tayside, Scotland

Table 1  
EUBIROD Diabetes 
Registers contributing 
to the dataset analysis

Recorded

Mandatory

Consistency

Completeness

Overall 
Quality Score

Comments

Yes/no

Mandatory/routine

Consistency with EUBIROD definition
• High: Exact match
• Medium: Minor discrepancy – e.g. Source units 

require mapping
• Low: Major discrepancy – e.g. mapping unavailable
• Data Item Unavailable

Expressed as a percentage
• 0 –100%

A value judgement on the ability for the data source to 
provide complete and consistent data in line with the 
definition
• High: Can provide complete and consistent data
• Medium: Minor completeness and consistency issues
• Low: Major completeness and consistency issues
• Data Item Unavailable

Describes any further information known about the 
data item at source that may affect longitudinal analy-
sis or data presentation.

Table 2  
Criteria used to assess 
each EUBIROD data 
item
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section on “local data items” included a se-
quential questionnaire looping through all 
EUBIROD data items for comment and 
stratification for a specific data source. Ad-
herence to several criteria was requested of 
the designated data manager (▶Box 2).

Responses requested as boolean items 
(recorded, mandatory), quantitative crite-
ria (consistency, completeness and overall 
quality score) and qualitative information 
(comments) were analysed to identify com-
monalities and inconsistencies between the 
agreed common standards and the local 
data items captured at source by each 
partner.

Qualitative information were used to re-
fine the dictionary in ways that increased 
comparability across centres e.g. consistent 
formats or coding. Boolean and quanti-
tative criteria were used to carry out a de-

scriptive statistical analysis taking each 
data item as the unit of interest. 

Parameters calculated for each item, ex-
cept for “percentage recorded”, were com-
puted by taking into account only records 
with data item recorded (e.g. mean com-
pleteness of a data item computed over 
data sources with item recorded).

The computed quality score was used to 
extract an overall user-derived cut-off of 
high validity, calculated as the upper quar-
tile in the distribution of percentage of data 
sources with a “high overall quality score”. 
The percentage recorded and computed 
quality score were used as axes in a graphi-
cal plot of feasibility vs validity for each 
data item. The cut-off of high validity and 
feasibility was used to partition the plane 
into four quadrants, defined by the combi-
nation of high/low coordinates.

The survey was conducted in August 
2010 [32] and completed at each partner 
site by domain experts including data man-
agers, clinicians and technology experts. 
All results were extracted from the meta-
registry database to a csv file that was 
loaded into a R [33] program, used to de-
liver the descriptive analyses for the pro-
duction of the present paper.

The EUBIROD data dictionary was pro-
gressively implemented to include addi-
tional information on population data, 
data source structures, and indicators con-
sidered for the first EUBIROD diabetes 
 report in March 2012. Further refinements 
and consistency checks were conducted up 
to the present date.

Figure 1 BIRO data validation questionnaire in the EUBIROD meta-registry of diabetes data sources
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3. Results
A total of 53 EUBIROD data items were in-
cluded in the survey of diabetes-related 
local data items. For most data items, the 
overall quality score was approximately 
close, albeit slightly lower, to the average of 
completeness and consistency. For this rea-
son, we regarded the computed quality 
score as a more objective representation of 
overall validity. The subjective value ex-
pressed by data custodians was used to 
identify a reasonable cut-off for the bivari-
ate partition into quadrants. The upper 
quartile of the overall quality score as-
signed by data custodians was equal to 
73%. A rounded empiric value of 75% was 
considered as a reasonable cut-off for both 
validity and feasibility. 

Results of feasibility vs validity are 
shown in ▶ Figure 2. The display can be 
used to classify diabetes-related data items 
according to quadrants indicated in the fig-
ure. Results for individual items, ordered 
by quadrant, percentage recorded and 
computed quality score, are shown in 
▶Appendix 1.

On average, over two thirds (69.4%) of 
the items identified in the initial clinical re-
view were found to be already recorded in 
EUBIROD data sources. The average per-
centage at high feasibility (quadrants IV, II) 
was equal to 88.1% vs 49.9% in the others. 
Items were considered mandatory in over 
three quarters (76.7%) of all data sources. 
However, the best quadrant included items 

that were considered as mandatory less fre-
quently (62.4% for quadrant IV vs 79.1%, 
83.9% and 84.5% for quadrants III-II-I re-
spectively).

Different results were observed for the 
individual components of validity: higher 
levels of completeness were more frequent 
than consistency (79.2% vs 72.2%), while 
the variability across quadrants ranged be-
tween 62.6% –72.2% for consistency, as op-
posed to 72.4% –79.2% for completeness. 
These results seem to indicate that consist-
ency as a criterion might better discrimi-
nate validity, and can be preferred over 
completeness to guide choices in the dic-
tionary.

The results were used to revise the 
structure of the EUBIROD framework for 
diabetes indicators and to deliver the data 
standards adopted for the EUBIROD Data 
Dictionary. 

The final version of the EUBIROD 
framework is presented in ▶ Table 3. It in-
volves five “main” sections (demographic 
and clinical characteristics, health system, 
population and risk adjusted indicators), 
further subdivided into subsections, where 
each indicator is assigned a specific code 

Box 2 Parameters computed from question-
naire results for each data item

• Percentage of data sources with data 
item recorded (“percentage recorded”)

• Percentage of data sources with data 
item mandatory (“percentage manda-
tory”)

• Percentage of data sources with consist-
ency of data item equal to “High”

• Mean completeness
• Percentage of data sources with overall 

quality score equal to “High” (“high 
overall quality score”)

• Average of mean completeness and 
consistency observed in the sample 
(“computed quality score”)

Figure 2 Bivariate distribution of BIRO data items by quality score and percentage of data sources with parameter recorded
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and stratification factors (Type of Diabetes, 
Region, Age Class, Gender, Diabetes Du-
ration).

A substantive extract of the final version 
of the EUBIROD Data Dictionary is pre -
sented in ▶Appendix 2. Several datasets 
were considered in the dictionary: a) the 
common dataset (parameters usually re -
corded at each encounter between a subject 
diagnosed with diabetes and the health 
care system); b) the activity dataset (indi-
cation on the status of the subject at entry/
exit in the denominator within a precise 
time interval); c) the (general) population 
table (total number of residents/deaths  
by sex/age bands in the catchment area);  
d) the diabetic population table (total 
number of subjects with diabetes by sex/
age bands in the catchment area); e) site 
header dataset (data custodian details);  
f) site profile dataset (structural character-
istics of the data source and catchment 
area); g) the analysis dataset (derived pa-
rameters for statistical analysis e.g. age 
classes).

4. Discussion

The introduction of new standards can in-
volve a number of potential consequences 
on existing datasets for diabetes that a re-
cent review showed to be variously imple-
mented within and outside Europe [34]. 
An expanding range of approaches is in-
creasingly documented beyond Europe: 
only in the last year, major experiences 
were reported from the US [35], Canada 
[36], New Zealand [37], Malaysia [38], 
 Singapore [39], Saudi Arabia [40]. While 
approaches for the development of data 
standards may vary, our methodology is 
similar to that used in the evolution of 
SNOMED CT [41] and HL7 [45] where ex-
perts capture all available information and 
evidence to harmonise and agree consistent 
content.

In terms of the adoption of international 
standards, one data binding mechanism 
would be certainly ideal, but not be suffi-
cient to cover all cases of real life data col-
lected from the many sources currently 
existing in Europe to monitor diabetes. We 
found that terminologies e.g. SNOMED 
CT [41] did not play a relevant role in the 

currently available EUBIROD databases, 
where heterogeneity is still a barrier to har-
monization. As the adoption of electronic 
health record infrastructures evolves and 
terminologies are increasingly adopted, we 
may be able to extend the data dictionary 
by adding data item definitions using dif-
ferent document and data standards such 
as ISO 13606/openEHR [42 – 44], HL7 
templates [45] or Detailed Clinical Models 
[46, 47]. These definitions could be used 
locally to set up unified data sets for data 
collection within national eHealth infra-
structures using the provided binding 
mechanisms.

As far as the ISO/IEC 11179 is con-
cerned, its constructs are “semantic” and 
do not describe a ‘physical’ or ‘technical’ 
representation of data in tables and col-
umns. The EUBIROD data dictionary 
 defined a technical XML representation 
which was directly used to implement data 
processing. The future adoption of ISO/
IEC 11179 in the BIRO system could be 
beneficial to improve semantic consistency 
and completeness of the human readable 
data dictionary. The next step would be the 
standardisation of the technical specifica-
tions by using a standard such as SDMX 
[48], which could also help fostering the 
 direct uptake of computer readable indi-
cator definitions into existing regional or 
nationwide registers.

The exploitation of existing databases 
can provide a sustainable solution for dia-
betes monitoring, but requires that com-
mon rules are simultaneously applied 
across different data sources. This is im-
perative for the EUBIROD model as data 
are collected across several European 
partner sites, all using varying data stand -
ards and data collection techniques.

Building upon seminal ideas on the 
analysis of distributed databases in a meta-
analytical fashion [49], and inspired by the 
practical realisation of the population-
based diabetes registry of Tayside [50], the 
BIRO project envisaged a structured ap-
proach to ensure continuous update, con-
sistent adaptation, and proper maintenance 
of standard definitions for the creation of a 
reliable system of health indicators. Such 
an approach not only improves the quality 
of available information, but can help clini-
cal staff in improving daily care and en-

hancing the provision of complete data for 
secondary use, including evidence-based 
research and clinical audit. The EUBIROD 
data dictionary represents a key element  
of this strategy, which allowed us to re-
spond to the main questions posed in this 
paper. 

An essential result was that measures in-
dicated by the scientific literature are taken 
into account and are routinely recorded in 
EUBIROD registers. The survey identified 
four quadrants classifying the reliability 
and consistency of each data item in the 
EUBIROD taxonomy, identifying suitable 
strategies for the computation of key indi-
cators. Items falling in Quadrant IV help 
highlighting “gold standards” that are 
widely available and are consistent with the 
data dictionary definitions. Consequently, 
these items were given the highest priority 
for the initial development of the BIRO 
system.

In particular, personal data and record-
ing dates were considered mandatory for 
each record entered into the system, while 
indicators using clinical measurements 
 expressed as numerical data items (e.g. 
height, weight, cholesterol, HbA1c), which 
were found to be more frequent and re-
liable, have been extensively used to deliver 
statistical outputs.

Quadrants II and III included parame-
ters at an intermediate level, identified only 
in a small number of datasets or with an in-
sufficient level of detail to achieve the tar-
get definition. Smoking status is a good 
example of the latter, where many sources 
do not record a status of “ex-smoker”. 
Blindness is defined as “Registered Blind” 
in several datasets, or “Receiving Money 
for Blindness” in DiabCare, thus reducing 
the consistency of data collected. In gen-
eral, the two quadrants serve different pur-
poses.

Data items at high feasibility, but low 
validity (Quadrant II) indicated areas 
where targeted strategies may improve data 
collection e.g. identifying a proper match 
between local coding and internationally 
agreed definitions. In the case of EUBI-
ROD, this was particularly true for medi-
cations, examinations and risk factors/
complications, as well as clinical measure-
ments e.g. systolic blood pressure and 
microalbumin.
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Section/subsection

1 
Demographic 
characteristics

2
Clinical
characteristics

3
Health
system

1.1 Basic demographics

2.1 
Diabetes status

2.2 
Risk factors 
for diabetes 
 complications

2.3 Diabetes complications

3.1 Structure (provider level)

3.2 Structural quality

3.3 
Processes

2.2.1 Obesity and Growth
(most recent value 
in the last 12 months)

2.2.2 Lifestyle

2.2.3 
Clinical measurements
(most recent value 
in the last 12 months)

3.3.1 Foot examination

3.3.2 Eye examination

3.3.3 
Measurement done
(in the last 12 months)

3.3.4 
Treatment
(at least one prescription 
in the last 12 months)

3.3.5 Management

Ref.

1.1.1

2.1.1

2.1.2

2.2.1.1

2.2.1.2

2.2.1.3

2.2.2.1

2.2.3.1

2.2.3.2

2.2.3.3

2.2.3.4

2.2.3.5

2.2.3.6

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

2.3.6

2.3.7

3.1.1

3.1.2

3.2.1

3.2.2

3.3.1.1

3.3.2.1

3.3.3.1

3.3.3.2

3.3.3.3

3.3.3.4

3.3.4.1

3.3.4.2

3.3.4.3

3.3.4.4.1

3.3.4.4.2

3.3.4.4.3

3.3.4.4.4

3.3.4.4.5

3.3.5.1

3.3.5.2

Indicator

Age (classes) * Gender [adult, pediatric]

Type of diabetes [adult, pediatric]

Duration of diabetes (classes) [adult, pediatric]

Weight (classes and continuous)

BMI (classes and continuous) [adult, pediatric]

Height (classes) [pediatric]

Smoking status

Systolic blood pressure (classes and continuous)

Diastolic blood pressure (classes and continuous)

Total cholesterol (classes and continuous)

HDL-cholesterol (classes and continuous)

Creatinine (classes and continuous)

HbA1c (classes and continuous) [adult, pediatric]

Retinopathy

End stage renal failure

Foot ulcer

Lower extremity amputation

Stroke

Myocardial infarction

Hypertension

Type of provider

Average diabetes population per region

Hospital beds per 100,000 population

Physicians employed per 100,000 population

Examination done

Examination done

Blood pressure

Lipids

Microalbumin

HbA1c

Antihypertensive medication

Lipid lowering treatment

Antiplatelet treatment

Glucose lowering: diet only

Glucose lowering: tablets only (oral drug therapy)

Glucose lowering: insulin only

Glucose lowering: insulin and tablets

Glucose lowering: insulin pump

Self-monitoring

Percentage with more than one visit on record

Strata

DS

CAge,DS

ToD, gender, DS

 ToD, gender, CAge, DS

ToD, gender, CAge, R

ToD, R

ToD, gender, CAge, R

ToD, gender, CAge, R

ToD, gender, CAge, R

ToD, gender, CAge, R

ToD, gender, CAge, R

ToD, gender, CAge, R

ToD, gender, CAge, R

Cl. D duration, R

Cl. D duration, R

Cl. D duration, R

Cl. D duration, R

Cl. D duration, R

Cl. D duration, R

Cl. D duration, R

ToD, gender, CAge

R

R

ToD, cage, R

ToD, cage, R

ToD, cage, R

ToD, cage, R

ToD, cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

ToD, Cage, R

Table 3 The EUBIROD framework of diabetes indicators (ToD = type of diabetes, CAge = age classes, R = region, DS = data source, Cl. D duration = diabetes 
duration classes)
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Section/subsection

4
Population

5
Risk adjusted 
indicators*

· * Multivariate risk adjustment by Age, Gender, Age*Gender, Duration of Diabetes; **not adjusted; ***adjusted for standard EU population 

4.1 Area level

5.1 Epidemiology

5.2 
Process quality
(in adults with diabetes in the last  
12 months)

5.3
Outcome quality:
intermediate outcomes
(in adults with diabetes in the last  
12 months)

5.4
Outcome quality:
terminal outcomes
(in the last 12 months)

Ref.

4.1.1

4.1.2

4.1.3

 5.1.1

5.1.2

5.2.1

5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

5.2.10

5.2.11

5.2.12

5.2.13

5.2.14

5.2.15

5.2.16

5.3.1

5.3.2

5.3.3

5.3.4

5.3.5

5.3.6

5.3.7

5.4.1

5.4.2

5.4.3

Indicator

Total population

Life expectancy

Mortality

Prevalence of diabetes mellitus per 1,000

Age at diagnosis by 10-year age bands**

Percentage with one or more HbA1c tests

Percentage with at least one test for microalbuminuria

Percentage with dilated eye examination or evaluation 
of retinal photography by trained caregiver

Percentage receiving at least one examination  
of the feet

Percentage with smoking status ascertained and 
 documented

Percentage with one or more serum creatinine 
measurements

Percentage with one or more valid blood pressure 
measurements

Percentage with hypertension who receive anti -
hypertensive medication

Percentage with oral therapy (by type) 

Percentage treated with insulin

Percentage treated with insulin and OADs

Percentage treated with insulin pump therapy

Percentage with anti hypertensive treatment

Percentage with lipid lowering treatment

Percentage with anti platelet treatment

Percentage performing self-monitoring of blood 
 glucose

Percentage with most recent HbA1c level >9.0%

Percentage with most recent HbA1c level >7,5%

Percentage with most recent blood pressure less than 
140/90 mmHg

Percentage with most recent BMI > 30

Percentage with abnormal microalbuminuria  
(among those tested)

Rates of current smokers 

Rates of foot ulceration

Annual incidence of dialysis and/or transplant in adults 
with diabetes

End stage renal failure in adults with diabetes

Annual death rate per 100,000 in the general 
 population, for all causes and for those having 
 diabetes as primary/secondary cause of death***

Strata

Cage, R

Cage, R

Cage, R

Region

ToD, gender, cage, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

ToD, R

Region

Table 3 Continued
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Data items at high validity but low feasi-
bility may imply deficiencies in the struc-
ture of local data systems, indicating areas 
that can only be improved long term, 
through targeted policies in the informa-
tion infrastructure. In our study, several 
data items falling under this category were 
recognised to be inadequate for the pro-
duction diabetes indicators. Notably, foot 
pulses, blindness and pump therapy are 
close borderline with Quadrant IV.

Data items included in Quadrant I were 
those that could not be identified in several 
data sources, or were formatted in ways 
difficult to map against EUBIROD defini-
tions. Particular efforts are needed to re-
solve these issues, both in term of local pol-
icies (e.g. fostering data collection through 
consultation with relevant stakeholders) 
and in the design of more consistent stand -
ardised definitions. 

Unexpectedly, key long-term compli-
cations e.g. maculopathy, myocardial in-
farction, retinopathy and renal compli-
cations were not well recorded by all 
partners. This is extremely surprising given 
that the original focus of the St Vincent 
Declaration was to “Reduce numbers of 
people entering end-stage diabetic renal 
failure by at least one third” [6], and to im-
prove other long-term clinical outcomes.

Similarly, items related to individual 
practices, e.g. diabetes education, enrol-
ment in a disease management program, 
self monitoring and average injections, 
seem to be inconsistent or inadequately in-
tegrated in diabetes registers. Hypertension 
as a co-morbidity diagnosis is often not 
recorded, despite indication of the condi-
tion from blood pressure data. Clearly 
there is significant room for improvement.

Targeted information policies are 
required to revert this situation and allow 
indicators to become more accessible and 
reliable not only for policy makers, but 
even for clinical teams involved in every-
day practice. A system of incentives has 
been implemented in the UK via the 
Quality and Outcomes Framework [5], pri-
marily to support GP payment, with the 
benefit of more complete and consistent 
data collection within several disease areas. 
Items included in Quadrant I clearly iden -
tified indicators that, albeit relevant for 

 diabetes management, should not be con-
sidered reliable in a European report.

Overall, data items related to the activity 
status of the patient were either good 
quality but poorly recorded (start) or both 
low quality and poorly recorded (end). 
This indicates that the epidemiological 
concept of person at risk, which shall be 
applicable in population-based registers, 
would be very difficult to apply within the 
current state of the art in Europe.

The EUBIROD data dictionary and 
subsequent partner review provided addi-
tional insight on anomalies that can poten-
tially affect analysis and reporting. Al-
though EUBIROD aspires to report con-
sistently on all of its ‘core indicators’, it is 
clear that those characterized by high con-
sistency, quality and completeness, carry 
more weight and comparability than 
others. Such ‘gold-standard’ data items de-
serve to be emphasised when reporting on 
diabetes internationally.

The methodology used for the creation 
of the EUBIROD data dictionary can be 
useful in any case or context where the oc-
currence of the disease and the measure-
ment of quality of care and outcomes is 
high priority. Compared to other ap-
proaches proposed for data dictionaries 
[51], ours appears to be simpler and suc-
cessfully applicable to a range of settings at 
the international level.

The European data dictionary may rep-
resent a key resource for the EU, potentially 
available for further development in future 
initiatives. Standardised electronic data 
collection ensures consistency and means 
that the data may be converted to XML for 
electronic use as part of extended technol-
ogies [52].

Limitations of the approach used in our 
survey are that the parameter assessment 
criteria involved subjective judgement 
from the clinical reviewer and that the 
qualifications of those involved may not 
have been consistent across all sites. How-
ever, this approach was intrinsically neces -
sary as an initial step towards the develop-
ment of a common system for data analysis 
in order to capture local domain knowl -
edge. The data dictionary allowed for the 
BIRO system to be realised and applied on 
real data for an objective evaluation of the 

quality and consistency of elements stored 
in diabetes registries.

It is important to clarify that the BIRO 
system itself does not aim to introduce a 
new mechanism for data collection, but is 
instead a way to map the existing data to-
wards common specifications, and share 
through a common system only items that 
reach a predefined level of harmonization. 
The Consortia were very aware of the im-
portance of limiting the proliferation of ad-
ditional data gathering applications, which 
may impede data consistency and hamper 
clinicians through an administrative over-
load, even when using a user friendly tool. 
A separate methodological paper will ex-
plain in detail how this approach can be in-
tegrated into normal development of elec-
tronic health records.

Although clear guidelines were pro-
vided to each of the 15 registries participat-
ing to the survey, it also remains a possibil-
ity that one reviewer’s assessment of quality 
score or consistency, for example, may not 
be the same as another reviewer. To mini-
mise this effect in future, a peer review pro-
cess between EUBIROD partners would 
allow a further level of validation. The 
overall rating for each parameter was con-
sistently determined, reviewed and verified 
by the work package leaders at the Univer-
sity of Dundee.

For practical reasons, we requested only 
one questionnaire from each partner. How-
ever, in many countries, relevant informa-
tion is stored in different silos. For in-
stance, social insurance accounting systems 
may be the best source for prescribing data, 
while clinical datasets are preferred for all 
remaining aspects of diabetes care. This 
means that it would be more appropriate to 
document each individually, rather than 
one general questionnaire response. This 
revised method of data capture may be in-
cluded for future revisions. Data from 
Slovenia and Luxembourg are sourced 
from paediatric data sources. This means 
that their clinical systems are not designed 
to record some of the long-term compli-
cations required by EUBIROD. In future, 
further general metadata must be captured 
on each contributing data source to capture 
general comments not restricted to an indi-
vidual item.
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A by-product of this work was the use of 
the standards as the basis for the first dia-
betes data registry for Cyprus, upon which 
a new model of care and uniform data 
 collection process were defined. Hungary 
plans a similar approach, demonstrating 
wider applicability and potential for use in 
countries developing their information in-
frastructure.

5. Conclusion

The development of data dictionaries and 
data standards can be used to improve the 
quality, relevance, consistency and com-
parability of national information about 
health. In EUBIROD, a European mini-
mum common dataset for diabetes has 
been created, based on an in-depth analysis 
of all contributing data sources. Within this 
dataset, European diabetes data definitions 
applicable with the existing clinical datasets 
have been documented and agreed.

To complement the dataset, a data dic-
tionary and related technical infrastructure 
have been developed to capture metadata 
from all contributing data sources. This ap-
proach allowed embedding local knowl -
edge from a large and expanding network 
into well documented, standardised XML 
format. The electronic storage of this data 
allowed adequate reference and consistent 
production of statistical outputs.

In EUBIROD, for the first time a dia-
betes data dictionary with corresponding 
data definitions has been created for a 
European population. This data dictionary 
forms the cornerstone for future data 
 manipulation and presentation. When data 
are shared we need to ensure that all of 
those who need to use data can clearly 
understand the meaning, regardless of how 
the data are collected or stored at source.

In 2012, data were collected for the cal-
endar year of 2010 from each partner site 
based upon the defined dataset. The results 
of this analysis will be published in a com-
panion paper. Further objectives, based on 
suitable funding, are to expand the consor-
tium within and beyond Europe, to analyse 
multiple chronic conditions using the tech-
nical infrastructure that has been already 
developed.
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