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The problem:
making an active use of health information

• Performance reports have become common practice to benchmark and 
leverage quality, equity and efficiency in health systems

• The aim is measuring to improve health systems and population health

• Data management for large scale system analysis can be extremely 
complex: massive and ever increasing databases, usually dispersed across 
jurisdictions, domains, health systems levels, users, etc. 

• Privacy legislation may not allow data linkage, even when using pseudonym

• Statistical methods can be complex and results difficult to interpret for policy 
makers.

• International projects show all the intrinsic limitations of a centralized 
approach: data transfer, legislative barriers, lack of standardized data.... 

• Protocols and agreed procedures must be put in place to automatically 
check data quality, manage information exchange, and deliver results on 
health care quality indicators at all levels



 
 

OECD Health Care Quality Indicators

Health Care Quality Indicators Report, 2006

Conceptual Paper, 2006

2002

Ministerial Conference, 2004

Toronto Bureau Meeting 2013



 
 

2004-2008: >1,500 publications on quality of care
• Multicentric data in a single country
• Analysis on a single centre
• Only N=3 studies comparing quality across countries 

1999-2003: sample of 50% papers: 
• N=5 internazional studies

OECD “Health Care Quality Indicators Project”
N=9 diabetes indicators originally identified
• N=2 computed: 

– Annual eye examination, Amputation rates

[IDF Diabetes Atlas, Fourth Edition, 2009]

Quality of Care in Diabetes: easier?



 
 

Why is so difficult even for a specific disease?

“So, why is it that there is a large number of studies of diabetes care 
within countries, many based on multiple sites, yet so few international 
comparisons? The simple answer is lack of consistently applied 
standards that would enable international comparisons. Standard 
systems and definitions, applied to comparable populations result 
in data that can be collected and compared relatively easily. The 
more unified systems are, the easier these comparisons become.”

[IDF Diabetes Atlas, Fourth Edition, 2009]



 
 

EU Policy Goals

EU Parliament Resolution on Diabetes (14 March 2012): 

“4. Calls on the Commission to draw up common, 
standardised criteria and methods for data collection on 

diabetes, and, in collaboration with the Member States, to 
coordinate, collect, register, monitor and manage 

comprehensive epidemiological data on diabetes, and 
economic data on the direct and indirect costs of diabetes 

prevention and management”



 
 

Data sources on quality of care

Linked 
Administrative Data

Clinical Databases

Epidemiological 
Studies



 
 

Diabetes Registers

Population-based

Disease Management

Research oriented



 
 

Unified model: cathedral or bazaar?

vs



 
 

Mixed models can be more flexible 
...and also more interesting for humans!

L’Aquila (Abruzzo, Italy) – Piazza Duomo before the earthquake



 
 

EU BIRO and EUBIROD Projects

BIRO project  (2005-2009): DG-SANCO co-funded project in 
diabetes

• Aim: to provide European health systems with an ad 
hoc, evidence and population-based diabetes 
information system

EUBIROD project (2008-2011) builds upon BIRO

• Aim: “to implement a sustainable European Diabetes 
Register through the coordination of existing 
national/regional frameworks and the systematic use 
of the BIRO system in 20 European countries
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Objectives
http://www.eubirod.eu

“EUBIROD aims at establishing a European Diabetes 
Register through the extension of the BIRO network and the 

use of related technology”

EC Grant Agreement 2007115 EUBIROD, Brussels, 19/8/2008

DG-SANCO Health Information
Duration: 42 months

Total N.Participants: 26
N.Countries: 21

Coordinating Centre: University of Perugia, Italy



 
 

The vision

“Complex systems of health indicators require access to 
different sources, continuous update and regular 

maintenance. Our vision is to create sustainable solutions for 
public information in ways never done before, in Europe and 

beyond” (www.eubirod.eu, February 2009)

Shared = Owned by a Community: Anyone can Join
Open Source = Free to Modify and Use, Widely distributable 

Industry Independent = Public  
Privacy by Design = Legally Viable

Distributed = Efficient and Sustainable
Standardized = Evidence-based

Risk Adjusted = Statistically Robust
Multidimensional = Policy Relevant

http://www.eubirod.eu/


 
 

Coordination rather than unification: 
a pragmatic approach

Ingredients = EU Standardized 
Data definitions

Product = Indicators

Recipe = Dictionary

Discard
Heterogeneity



 
 

BIRO Data Standards
http://www.eubirod.eu/biroDataStandards.htm



 
 

BIRO Data Standards
http://www.eubirod.eu/biroDataStandards.htm

User supplied Datasets

Source Profile (Structure, Items, Privacy)
Merge Table (Multiple Episodes)
Activity Table (Master Index)
Population Table (Region)
Diabetic Population Table (Region)

BIRO Indicators (N=79)

Clinical Characteristics: Risk Factors (N=19)
Health System: Structures, Processes (N=20)
Population: Vital Statistics (N=3)
Risk Adjusted: Outcomes (N=31)
Pediatric Section (N=6)



 
 

The problem of selection bias in data sources

Numerator
--------------------
Denominator

Total 
Population

(Region)

Catchment 
Area

People
with

Diabetes

DATA

INDICATORS

OUTCOMES
   “Active”
 Patients
  (Centre)



 
 

BIRO Core Dataset

1. ID Patient
2. ID Centre
3. Type of Diabetes
4. Sex
5. Date of Birth
6. Date of Diagnosis
7. Episode Date
8. Smoking Status
9. N.Cigarettes (x day)
10. Alcohol Intake (g/x day)
11. Weight
12. Height
13. BMI
14. Systolic Blood Pressure
15. Dyastolic Blood Pressure
16. HbA1c
17. Creatinine
18. Microalbumin
19. Total Cholesterol
20. HDL
21. Tryglicerides
22. Eye Examination
23. Retinopathy Status
24. Maculopathy Status

N=48

25. Foot Examination
26. Foot Pulses
27. Foot vibration
28. End Stage Renal Failure
29. Renal Dyalisis
30. Renal Transplant
31. Stroke
32. Foot Ulceration
33. Acute Myocardial Infarction
34. Laser
35. Hypertension
36. Blindness
37. Amputation
38. Antihypertensive Medication
39. Hypoglicemic Drug Therapy
40. Oral Drug Therapy
41. Pump Therapy
42. Nasal Therapy
43. Average Injections (x day)
44. Self monitoring
45. Diabetes Specific Education
46. Lipid Lowering Therapy
47. Anti-platelet Therapy
48. Patient enrollment in DMP for diabetes



 
 

BIRO “Local Mapping”



 
 

Building the BIRO architecture:
Privacy by Design (EU Data Directive)
Di Iorio CT et al, J Med Ethics. 2009 Dec;35(12):753-61

Result of the BIRO 
Delphi panel: 
best alternative 
identified to balance 
privacy protection and 
information content



 
 

BIRO Privacy impact assessment 
Delphi Procedure
Di Iorio CT et al, J Med Ethics. 2009 Dec;35(12):753-61



 
 

BIRO Fundamental Statistical Principles

Region

a network sharing a common homogeneous framework for 
the collection of health information (e.g. group of 
professionals/centres, local health authority, single 
provinces, regions, states, or group of states)

Statistical Object

An element of a distributed information system carrying 
essential data in the form of embedded, partial 

aggregate components, required to compute a summary 
measure or relevant parameter for the whole population 

from multiple sites



 
 

The BIRO System
http://www.eubirod.eu/images/eubirod_homepage_mainfigure_explained.png
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The BIRO System is an open 
source suite of integrated 

software tools distributed as a 
complete Linux operating 
system running on Virtual 

Machine: BIROX. 

Runs on any platform 
(Windows, Linux, MacOS) = no 

need to change the setup of 
the local environment!

BIROBox is the Graphical User Interface. Database Engine transforms local 
definitions into the European BIRO format and loads data in the local BIRO 
Database; Statistical Engine processes the local BIRO Database and computes 
European BIRO Indicators; Communication Software sends data to the 
European server; Central Engine compiles results from multiple sources

BIRO System Software Integration



 
 

How the BIRO System works in EUBIROD: 
country example

ITALY: BIRO installed in N=8 centres 
DATABASES OF INDIVIDUAL RECORDS STAY WITH THE ORIGINAL DATA CUSTODIAN

Italian
Report

EU
Report

Central 
Engine

Repository of 
Italian Aggregates 
(Statistical Objects)

Statistical Objects from other countries

Central 
Engine

Italian Society of 
Diabetology

Regional
Aggregates

Centre
Report

S.E.



 
 

Further specifications required:
Structure of the Report

Type of Diabetes
(Class Variable)

Total
Sample

Exposure Variable 1 Exposure Variable 2

Root (Class) Table

Response Variable

Type of Diabetes
(Class Variable)

Valid
Values

Exposure Variable 1 Exposure Variable 2

Body (Class) Table

Response Variable

Not Valid/
Not Available

Body (Class) Graphs

BARPLOTS
Exposure Variable 1 (Exposure Variable 2)

Data Source
Response Variable=Categorical

TRELLIS / BOXPLOTS
Exposure Variable 1 (Exposure Variable 2)

(Data Source)
Response Variable=Continuous

Standardized (Class) Estimates
(Risk Adjusted Estimators)

Data Source
Response Variable

Standardized (Class) Graphs
BARPLOTS

FOREST PLOTS
Data Source

Response Variable



 
 

Standardization
(AHRQ Quality Indicators)

Risk adjustment model (in each region)

Y(%) = β0+β1(females)+β2(age_class1)+...βk(age_class4)

Source unit

Yi expected=  β0+β1(females)+β2(age_class1)+...βk(age_class4)

ΣPredi x 100 = Expected Rate

 

Standardized Rate= (observed rate/expected rate)*population rate



 
 

Logistic regression for risk adjustment:
why using individual data?

Complete 
Sample

Combinations of
Levels of Covariates

Same results !



 
 

Statistical Objects Data



 
 

EUBIROD Privacy Performance Assessment



 
 

EUBIROD Privacy Performance Assessment

Includes N=11 sections - one for each factor identified. 

Each section (factor) includes various questions (sub-factors)

FACTORS:

A1. Accountability of personal information

A2. Collection of Personal Information

A3. Consent

A4. Use of Personal Information

A5. Disclosure and Disposition of Personal Information

A6. Accuracy of Personal Information

A7. Safeguarding Personal Information

A8. Openness

A9. Individual Access to Personal Information

A10. Challenging Compliance

A11. Anonymization Process for Secondary Uses of Health Data



 
 

EUBIROD Privacy Performance Assessment

Low average (median):

A5: Disclosure and Disposition (40%)
A9: Individual Access (50%)
A3: Consent (75%)
A4: Use of Personal Information (75%)
A6: Accuracy (75%)

High Variability (standard deviation, range):

A10: Challenging Compliance (39%, 0-100%)
A11: Anonymisation (35%, 45-100%)
A8: Openness (30%, 0-100%)
A3: Consent (28%, 17-100%)
A6: Accuracy (26%, 17-100%)
A9: Individual Access (25%, 0-100%)



 
 

EUBIROD Privacy Performance Assessment

• Starplots summarize the 
“Privacy Profile” of each 
EUBIROD register 
included in the database

Factors 
Legend



 
 

EUBIROD Privacy Performance Assessment
DI IORIO CT, CARINCI F et al, European Journal Public Health, 4 May 2012

• Each register can compare 
own practice against the 
average of the overall sample 
and the maximum attainable 
score

• Example:
– Maximum score in terms of 

accountability and 
anonymisation

– Acceptable levels for collection, 
consent, use and disclosure

– All other factors show poor 
privacy performance



 
 

EUBIROD Meta-Registry



 
 

EUBIROD Report 2010

8/2/2012: New BIRO 
Release 2.1.12

15/2/2012: Collection of 
statistical objects closed

21/2/2012: EU Report available 
(N=79 indicators)

13 Days from Software Release 
to Online Publication of the results !

[Previously: 52 days (8/2011), 60 days (1/11)]



 
 

Total Cohort
EUBIROD Diabetes Report 2010



 
 

Total Cohort by Diabetes Type
EUBIROD Diabetes Report 2010



 
 

Total Cohort by Diabetes Type
EUBIROD Diabetes Report 2010



 
 

Demographics and Clinical characteristics
EUBIROD Diabetes Report 2010

Process Indicators



 
 

Clinical measurements
EUBIROD Diabetes Report 2010

Clinical measurements

Diabetes Complications



 
 

Risk-adjusted indicators
EUBIROD Diabetes Report 2010

Process Indicators



 
 

Risk-adjusted indicators
EUBIROD Diabetes Report 2010

Outcome Indicators

Intermediate

Terminal



 
 

Gender – Age
EUBIROD Diabetes Report 2010



 
 

Duration of Diabetes
EUBIROD Diabetes Report 2010

Type 1

Type 2

Duration of Diabetes Type 1 (%) Type 2 (%) Other Type (%)

<10 7300 (  35.3) 109365 (  62.4) 3076 (  79.5) 119741 (  59.9) 

[10 - 20) 5768 (  27.9) 44948 (  25.6) 546 (  14.1) 51262 (  25.6)

>=20 7615 (  36.8) 21036 (  12.0) 248 (    6.4) 28899 (  14.5)

20683 (  10.3) 175349 (  87.7) 3870 (    1.9) 199902 (100.0)

by Data Source



 
 

Body Mass Index
EUBIROD Diabetes Report 2010

BMI Type 1 (%) Type 2 (%) Other Type (%)

<18.5 622 (    4.4) 372 (    0.3) 36 (    1.6) 1030 (    0.7)

[18.5 - 25) 6671 (  46.7) 14680 (  11.8) 597 (  26.4) 21948 (  15.6)

[25 - 30) 4825 (  33.8) 42893 (  34.5) 862 (  38.1) 48580 (  34.5)

>=30 2164 (  15.2) 66286 (  53.4) 770 (  34.0) 69220 (  49.2)

14282 (  10.1) 124231 (  88.2) 2265 (    1.6) 140778 (100.0)



 
 

Systolic Blood Pressure
EUBIROD Diabetes Report 2010

SBP Type 1 (%) Type 2 (%) Other Type (%)

<130 8944 (  52.8) 35408 (  23.5) 1407 (  51.1) 45759 (  26.9) 

>=130 7980 (  47.2) 114960 (  76.5) 1347 (  48.9) 124287 (  73.1) 

16924 (  10.0) 150368 (  88.4) 2754 (    1.6) 170046 (100.0)



 
 

Diastolic Blood Pressure
N=169,910
EUBIROD Diabetes Report 2010

Type 1

Type 2

Other Type



 
 

Glycated Haemoglobin (HbA1c)
N=168,948
EUBIROD Diabetes Report 2010

Type 1

Type 2

Other Type



 
 

Percentage of Adults with 1+ HbA1c tests in 12 mts
Type 2 (N=172,605)
EUBIROD Diabetes Report 2010



 
 

Percentage of adults with most recent HbA1c>9.0%
Type 2 (N=146,397)
EUBIROD Diabetes Report 2010



 
 

EUBIROD 2013

 Associated Project of the European Joint Action “Cross-
border Patient Registries Initiative” (PARENT)

 Involvement in the program of the European Joint Action on 
Chronic Diseases (JA-CHRODIS)

 Preparation of the proposal for a “European Research 
Infrastructure Centre on Health Information” (in 
collaboration with the European Commission and Member 
States)

 New Foundation established as Coordinating Body of the 
EUBIROD Network: the “Hub for International Health 
reSearch” (HIRS Perugia, Italy)



 
 

Conclusions

 EUBIROD has practically realized a European Diabetes Register 
through a coalition of multiple registers and different data sources

 The BIRO technology is open, sustainable, generally valid and, most 
importantly, it has proved to work. The results can be now 
automatically linked to official EU platfoms in diabetes and across 
other chronic diseases

 Our experience paves the way for a new generation of 
transnational/translational evidence-based information systems that 
can use distributed models with a higher efficiency and minimal 
impact on data privacy, ownership, and overall cost of information 
management

 The implementation of distributed statistical systems e.g. BIRO may 
be initially complex, but once automated it can show all its 
advantages, particularly relevant for federal/decentralized health 
systems and large international partnerships  



 
 

Thanks for your attention!

Pescara, Abruzzo, Italy
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