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ABSTRACT

The European Medical Information Framework (EMIF)jpct has the main objective of building an infrasture for
the efficient re-use of existing health care datadpidemiological research. Within the projece ®&MIF-Platform
represents a federation of heterogeneous sourdesatth data (e.g. administrative, hospital or jpryncare databases,
disease registries, biobanks). One of the majollestges for the EMIF project is to deal with theffelient
characteristics of the participating data souroesrder to facilitate the execution of large mudléita base observational
studies and generate high quality. For this purpagemplate data derivation process was spedifidaiveloped and
the identification of Type 2 diabetes mellitus (T@MPwas used as a test case.

The objectives of this study are: a) to establisketiof standard algorithms useful to identify @at$ with type 2
diabetes (T2DM) across heterogeneous sources thhasta, b) to describe the data source-tailoxtlgnations of
standard algorithms recommended by the relevaat fista base experts, c) to assess the impactiefdnal standard

algorithms on the population of cases identifiecbas different data sources.
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BACKGROUND

In recent years, an increasing number of projeatse been focusing on re-using existing electromalth records
(EHR) for clinical research.In particular, huge efforts have been made to éoenbeterogeneous health data from
isolated environments and perform valid multi-daturce observational studie$.in fact, leveraging data from
different health care settings has a tremendousngiat for filling important gaps of knowledge iredith sciences
allowing for the identification and study of spécipopulations or events of interest using otheewisconceivable
sample sizes.

In this context, at the end of 2012, the Europeaudi®hl Information Framework (EMIF) project wastabed with the
main objective of building an infrastructure foretlefficient re-use of existing health care datadpidemiological
research (http://www.emif.eu/). Within the projettte EMIF-Platform represents a federation of twgfeneous sources
(e.g. administrative, hospital or primary care bates, disease registries, biobanks) that curreotlgcts real world
data on around 40 million European citizens. Suata dources may differ in terms of database streictontent,
reasons for recording, language, coding termine®gind healthcare system organization. Therefore 0bthe major
challenges for the EMIF project is to deal withithesterogeneity. For this purpose, a template datéavation process
was specifically developed and the identificatiéTgpe 2 diabetes mellitus (T2DM) was used as bdase.

T2DM is a chronic clinical condition characterizég hyperglycemia due to insulin resistance and @gm@ssive
deficiency in insulin production. It is diagnoseatigollowed-up using laboratory tests for bloodagise measurements
while treatment comprises interventions in the btgle (i.e. diet and exercise) and use of medioati T2DM
comprises about 90% of all diabetes cases worldivide

In order to identify subjects with this conditiom EHR, diagnosis records can be used, as well@sds from other
data domains that collect information on activitiestinely conducted as part of the patients’ cliicare and follow-
up (e.g drug prescriptions, laboratory tests arstlts)®> ‘Therefore, on the basis of the specific researastipn and
data source characteristics, different algorithans ke adopted for T2DM identification. Since diffet algorithms may
differ in terms of sensitivity and positive prediet value, the choice of a specific case identificastrategy can have
an important impact on the size and type of theufadion of patients retrievédnd should be taken into account when

interpretating study results.

STUDY OBJECTIVE

a) To establish a set of standard algorithms ustduidentify patients with type 2 diabetes (T2DMgr@ss

heterogeneous sources of health data,

b) to describe the data source-tailored combinat@frstandard algorithms recommended by local basg experts to
identify T2DM,

c) to assess the impact of individual standaradrétyns on the population of cases identified asrddferent data

sources.
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MATERIALS AND METHODS

Data sources

Nine data sources from six different European ademt(ltaly, Denmark, The United Kingdom, EstoniBhe
Netherlands and Spain) will participate to the gtudl brief description of the participating datausces provided by

the relevant data base expert is reported below.

Agenzia regionale di sanita della Toscana (ARS)

Database descriptiorithe Italian National Healthcare System is organiaeckgional level: each region is responsible
for providing to all their inhabitants a prespestfilevel of assistance through a national tax-b&seding. The ARS
data source comprises all the tables that areatetleby the Tuscany Region to account for the heait services
delivered to all the persons that are officiallgident in the region. Moreover, ARS collects tabi@sn regional
initiatives. A unique anonymized person identifiede allows the linkage of patient-level informatisom different
data tables. ARS data have been extensively uskdalitated for epidemiologic research purp8se3he collection

of data into the ARS database started in 1996.6dtlyrthe database contains information from ovenilions subjects
with an average follow-up time of 9 years: they allethe subjects who have lived in Tuscany foleast some time

from 2003 on, except those who have never requéstied listed in the National Healthcare Servicadgligible part).

Database updates and data time |ddie database is updated every 15 days and coataaliévery year.

Data subsets and variable§the database collects demographic informationthdbate, sex, citizenship, residence,
data), diagnoses from hospital discharge recorsthdegistry and registry of exemption from copagtr(ICD9-CM),
drug prescriptions dispensed for outpatient use@Ahealthcare procedures from inpatient (ICD9-Gil)l outpatient

setting (local coding system)

Limitations of the databas®iagnoses are only recorded in inpatient settimgn&y care diagnoses are not available.
Diagnoses of certain chronic and/or invalidatingdiions may be recorded in outpatient settinghasreason for the
exemption for copayment, although with low sengifivand granularity. The prescription database wagst
medications dispensed for outpatient use only, whicludes those prescribed by GP, during ambujatare and upon
hospital discharge. Medications used in inpatiettirsg are not available. The indications of use ot available as

well.

Integrated Primary Care Database (IPCI)

Database descriptionin 1992 the Integrated Primary Care Informationj@o(IPCI)"° was started by the Department
of Medical Informatics of the Erasmus University diteal School. IPCI is a longitudinal observatiodaltabase that
contains data from computer-based patient recofds selected group of general practitioners (GRs)ughout the
Netherlands, who voluntarily chose to supply datthe database. GPs receive a minimal reimbursefoettieir data
and completely control usage of their data, throtlgh Steering Committee and are permitted to wéthwddata for
specific studies. Collaborating practices are ledathroughout the Netherlands and the collabora@is are

comparable to other GPs in the country accordireg®and gender.

The database contains information on about 1.4amilpatients. This is the cumulative amount of gr&8 who have

ever been part of the dynamic cohort of patient® Wwhve been registered. Turnover occurs as pateate and
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transfer to new practices. The records of ‘tramsfitrout’ patients remain in the database and aedladle for

retrospective studies with the appropriate timequoks:

The system complies with European Union guidelioeshe use of medical data for medical researchhasdbeen
validated for pharmaco-epidemiological researchprapal for this study will be obtained from the #&h van

Toezicht’ an IPCI specific ethical review board.

Database updates and data time |8die database is updated continuously, every 3 manttata draw down is made

for research purposes.

Data subsets and variable§he database contains identification informatioge(asex, patient identification, GP
registration information), notes, prescriptions,yghian-linked indications for therapy, physicaindings, and
laboratory values (e.g. potassium, creatinine). Trternational Classification of Primary Care (IQR€ the coding
system for patient complaints and diagnoses, tagrdises and complaints can also be entered aefte®rescription
data such as product name, quantity dispensedge@egimens, strength and indication are enterectl® computer.
The National Database of Drugs, maintained by tlgaRDutch Association for the Advancement of Phacy
enables the coding of prescriptions, accordinght Anatomical Therapeutic Chemical (ATC) classiima scheme

recommended by the WHO.

Limitations of the databasd:imitations of the databases are that a lot of nmfation is available in narratives,
especially information from specialists and sympmomilso specialist medications are not completbéf GP does not

enter them. It is known, however, that this projporis minor.

The Health Search IMS HEALTHCSD LPD (HSD)
Database descriptionThe Health Search — IMS HEALTH/Longitudinal Patematabase (HSD) is a longitudinal

observational database that is representativeeoféimeral Italian population. It was established988 by the Italian
College of General Practitioners. The HSD contaiata from computer-based patient records from ecselroup of
GPs (covering a total of 1.5 million patients) Itezh throughout Italy who voluntarily agreed to eoll data for the
database and attend specified training coursesioVar occurs as patients move and transfer to rmewstipes. The
records of ‘transferred out’ patients remain in tietabase and are available for retrospective estudiith the
appropriate time periods. The HSD complies withdpgan Union, guidelines on the use of medical ftataesearch.
The HSD has been the data source for a numberesfrpeiewed publications on the prevalence of dise@nditions,
drug safety and prescription patterns in Italiaimary care. Approval for use of data is obtaineahfrthe Italian

College of Primary Care Physicians. Data are irskpno ethical approval needed.

Data subset and variable$he database includes information on the age, geadd identification of the patient, and
GP registration information, which is linked to peeption information, clinical events and diagnadeee text patients
diary, hospital admission, and death. All diagnam&scoded according to the International Clasgifin of Diseases,
9th Revision, Clinical Modification (ICD-9-CM). Dgunames are coded according to the ATC classifinatystem. To
be included in the study, GPs must have provided fia at least 1 year and meet standard qualitgri pertaining
to: levels of coding, prevalence of well-known @ises, and mortality rates. At the time in whicls gtudy will initiate,
800 GPs homogenously distributed across all Itadisgas, covering a patient population of aroundianilpatients,

reached the standard quality criteria.

11
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Database updates and data time [Blge database is updated continuously, every 6 raanitata draw down is made

for research purposes.

Limitations of the databas&he main limitation is the difficulty to provide diional information from GPs since in
such a case an ethical approval from all the lbealth authorities of the respective GP practiceeisded. Medication
not reimbursed from the NHS are incomplete, as aglthose prescribed by the specialists. Symptomsimgnostic

instrumental results are in free text form andrarenecessarily complete.

Pubblications: http://www.healthsearch.it/pubblica/articoli-pubblicati-su-riviste-indicizzate-guabmed/

The Health Improvement Network (THIN)

Database descriptionPseudo-anonymised patient data are collected byNTiRla non-interventional way from the
daily record keeping of general practices which the Vision practice management software and haveed to
contribute to the scheme. As of May 2015, the THidNabase contains primary care medical records &reen 12
million patients, of which over 3.5 million are a@ly registered. IMS Health has a licence to featié access to THIN
Data for the purposes of medical research. IMS tHeahd researchers do not have access to praatipatient
identifiers. However, the data are pseudo-anonyinigehat THIN Additional Information Services (TNIAIS) can
contact the general practitioners (GPs) so thaGiean provide additional information or contaatignts. THIN Data
have been used extensively in medical researcle €003 in the UK, Europe and the United Stated) aiter 500 peer
review publications utilising the THIN data sourdde age and gender profile of the active patiepuation in THIN
has been shown to be comparable to the UK populaBoaphs comparing THIN with the Office for Nat@rstatistics
UK population estimates for 2011 (latest availabl¥gta within THIN are regionally representativefasas is possible
within the distribution of the Vision practice sefire from which they are collected, representingariban 6% of the

UK population. The regional representation of patevithin THIN Data (September 2012 update)

THIN Data have also been shown to be generallyesspttative of the UK in terms of Quality and Outesm
Framework chronic disease parameters. In addiiatudy has been performed which compares THIN datia from

practices using a different general practice softveystem (EMIS) and it was shown to match clogétis these data,
with the main exception that THIN patients aredlig more highly representative of the more affiusocial class. As

this socioeconomic information is available in THidsearchers are able to adjust for it in analyses

All studies using THIN, where the intention is take public the study results, are subject to obtgirelevant prior

ethical approval of the protocol.
Database update§:he database is updated 3 times per year.

Data subsets and variableBemographics, Age, height, weight, BMI, smokinggiab deprivation (patient postcode
allocated IMD& Townsend), length of time with GParisfer out date, death date, drug prescriptiong(tiame, dose,
frequency, pack size). This includes vaccinatioms$ batch numbers. All Gps have electronic link$atworatories and
lab tests requested by GPs are automatically upthadppointments with GP and primary care basedthzae

professionals

Limitations: THIN data has good information on therapy presaiin general practice but this does not necegsaril
equate to therapy dispensed or take account ofrgatompliance with treatment. In addition it ist possible to
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include treatment bought by patients over the authe study will therefore be restricted to GPspriptions.
Laboratory tests requested in secondary care dravadlable in the THIN database. Currently the NHlatabase has
linked 60% of GP practices in England to the Nid8asidary care “Hospital Episodes Statistics” degaba

Aarhus University Hospital Database (AUH)

Database descriptiorithe Aarhus University Hospital database is a sysielimkage datasets in the area of the Central
Denmark Region and the North Denmark Region. Thasethe two of five Danish Regions with a combined
population of 1.8 million inhabitants and is regneitive of the population of Denmark. The popolatis entirely
covered by a system of linkable registries and roflugministrative data sources. Since the healthisafiee and tax-
supported in Denmark anyone will be recorded irs¢hedatabases regardless of for instance age anacbhe Civil
Registration System holds key demographic datdlantebitants in the population and maintains ¢hel registration
code which is assigned to everyone at birth. Théi/Aystem of databases includes data from in-patieripatient and
emergency room visits from all somatic hospitaltiie two Regions. Surgical procedures and selectdtbspital
treatments are available since 1999. In additioesgriptions dispensed at the pharmacies, labgrateasurement and

causes of death are available.

Database updates and data time |ddne database is updated on a yearly basis.

Data subsets and variable$he database contains patient demographic data-(CRier, birthdate, sex, residence,
data on migration and death), prescriptions (AT@)spital diagnoses (ICD-10), selected treatments surgical
procedures (NOMESCO), laboratory measurements (Nid)Causes of Death (ICD-10)

Limitations of the databas®nly diagnoses from hospital admissions and ambylatare is included in the Hospital
Discharge Registry and hence diagnoses from princarg is not available. The prescription databamgtuces
prescriptions dispensed in all pharmacies outsaipital and hence medication prescribed at the IGR ambulatory
care is recorded, but in-hospital medication ikilag. In addition, indication and instructions fase is lacking on all

prescriptions in the prescription database.

Publications:

- Nexg BA, Pedersenl, Sgrensen HT, Koch-Henriksen Thtatment of HIV and Risk of Multiple
sclerosis Epidemiology. 2013;24:331-2.

- Existing data sources for clinical epidemiology:eTBanish National Database of Reimbursed PresoisiClin
Epidemiol. 2012;4:303-13.

- Statin Prescriptions and Breast Cancer Recurrentsk:RA Danish Nationwide Prospective Cohort StutiNatl
Cancer Inst. 2011,;103:1461-8.

PHARMO Network Database (PHARMO)

Database descriptionThe PHARMO Database Network is a population-basevork of healthcare databases and
combines data from different healthcare settinghiénNetherlands. These different data sourcekjdimg in- and out-
patient pharmacy, clinical laboratory, and hospitate linked on a patient level through validatéggbié@thms. The
longitudinal nature of the PHARMO Database Netwsgistem enables to follow-up more than 4 million Y®@5

residents of a well-defined population in the Neltieds for an average of ten years.
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Database updates and data time |ddie data sources are linked on an annual basaningethat the average lag time

of the data is one year. The updated database lescavailable in the second half of the year.

The PHARMO database network currently covers théodel998-2013 (an update covering the period 12084 is

forthcoming).

Data subsets and variablesll electronic patient records in the PHARMO Datab Network include information on

age, sex, socioeconomic status and mortality.

The Out-patient Pharmacy Database comprises GPpemiadist prescribed healthcare products dispebgethe out-
patient pharmacy. The dispensing records includerimation on type of product, date, strength, deseggimen,

guantity, route of administration, prescriber splgiand costs.

The In-patient Pharmacy Database comprises drugen$sngs from the hospital pharmacy, given during a
hospitalisation. The dispensing records includerimiation on type of drug, start and end date of stsength, dosage

regimen and route of administration.

The Clinical Laboratory Database comprises resiltests performed on clinical specimens. Theserktbry tests are
requested by GPs and medical specialists in oadget information concerning diagnosis, treatmant] prevention of
disease. The electronic records include informatiomate and time of testing, test result, uninesurement and type

of clinical specimen.

The Hospitalisation Database comprises hospitalisgioms from the Dutch Hospital Data for more tRdnhours and
admissions for less than 24 hours for which a Be@duired. The records include information on lissge diagnoses,
procedures, and hospital admission and dischargs.da

Limitations of the databas®ata collection period, catchment area and ovey&tpreen data sources differ. Therefore,
the final cohort size for any study will dependtba data sources included and the study design.

IMASIS (IMASIS)

Database descriptianThe IMASIS information system is the Electronic HieaRecords (EHRS) system of the Parc
Salut Mar Barcelona Consortium that is a comple@thcare services organization. Currently, thisrimation system
includes the clinical information of two generalspdals, one mental health care centre, one she@kthcare centre
and five emergency room settings in the Barceldtyaacea in Spain. In the future the system witllide information
of the EHRs of thirteen primary care teams. Thepitakdel Mar is the principal public health fatjli while social-
public health services are concentrated at the rBapa Hospital and the Forum Centre. It also pewigervices for
mental health and addiction for adults, childred gouths at the Dr Emili Mira Centre. The first sien of IMASIS
information system was designed in 1984 and aftefsvd was completely implemented and extendedewversal
phases. Currently IMASIS includes administrativel atinical information of patients who have used #ervices of
this healthcare system since 1990 and from diffesettings such as admissions, outpatients, emeygerom and
major ambulatory surgery. The database contairsritdtion on approximately 1.4 million patients aralf of them
have at least one diagnosis coded using “The latienmal Classification of Diseases, 9th Revisiodini€al
Modification (ICD-9-CM)”.

Data subset and variableBMASIS-2 is the relational model database contgranonymized patient information from

IMASIS. It includes socio-demographic informatianch as date of birth, gender or dates of visitsadhissions, and
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clinical information such as main and secondarguiisis and procedures and, for a subset of hoggitalssions, drug
prescriptions and laboratory tests as well. Alstdata can be linked using a unique anonymous pedsntification
number. Diagnoses and procedures are coded in KCBFODrug names are coded with a local terminolagyg with

the drug national code of the Spanish Medicinesndge

Data updates and data time lagurrently IMASIS-2 database is updated every éntine The last update was
performed in March 2015. This update included aolditl information about admissions, outpatients antrgency
room as well as drugs and laboratory results ofitfierent hospitals of the system, which were prasent in previous

versions.

Limitations of the databaseOne of the limitations of the database is intietato the fact that there is additional
clinical information that could be useful but whiishin a free text format. This type of informatiamuld require the
use of specific text mining techniques to explbitti should also be borne in mind that the clihiodormation comes
from several settings that were included in différenoments and steps in the implementation procdsthe

information system, and for that reason it is gassio find records at varying stages of completdsne

The Estonian Genome Center of University of TartuEGCUT)

Database descriptionEGCUT is a biobank, which collects, stores and usiedogical samples and phenotype
information for about 52000 volunteer-based adohais (age >= 18 years). The cohort covers 5% @fBstonian
population and closely reflects the age, sex amdjgghical distribution in the population. EGCUTestablished and
maintained according to Human Genes Research Atpis(Hwww.riigiteataja.ee/en/eli/531102013003/adite). All
participants have signed a broad informed consdrith allows the continuous update of epidemiolagéata through

periodic linking to national electronic databased eegistries.

Database updates and data time:l&gll health profile is described for each papait when person becomes a gene
donor. This is conducted via Computer Assisted ddaisinterview (CAPI) within 1-2 hours appointmexita doctor’s
office. For some donors the full health profiledisscribed again after few years during follow-up.alddition, new
information about the donors is gathered 1-2 timggar from national electronic databases andtregis However,
harmonizing and connecting the retrieved data teegd database is not performed on regular basiangis expected

to start to do so in the upcoming years.
Data subsets and variableSGCUT has two types of data:

» Genetic data (derived from tissue samples):
o whole-genome sequences (2300)
0 exome sequences
0 genotypes (more than 21500 donors, HumanOmniExpkessanCoreExome, , Exome, PsychArray,
HumanCNV370, Cardio-Metabo, ImmunoChip — lllumidatforms)
0 imputed data
o biochemistry: sugar, lipids, cholesterol
o other measurements derived from tissue samples
* Phenotype data
o diseases (ICD-10)
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0 prescriptions (ATC)

o personal data (place of birth, place(s) of livingtionality, education etc.)

0 genealogical data (family history of medical coimis spanning four generations)

o lifestyle data (physical activity, dietary habitEFQ, smoking, alcohol consumption, women'’s health,

quality of life)

0 objective measurements (height, weight, BMI, heate etc.)

* Additional modules (e.g. disease specific dataectitbns) are and can be added flexibly to the syst&here
are 40,000 participants with MCTQ (chronotype) daad 15,000 with both MSTQ and genome-wide
microarray (GWAS) data, 3,000 participants haviedilthe NEO-PI-R questionnaire, including GWAS data

available on 2,700 participants.

Limitations of the databas&he anonymous data of the gene donors are avaflablesearch projects. Access to the

data is described in http://www.geenivaramu.eefm@ss-biopank/data-access

Pedianet

Database descriptionPedianet is a longitudinal observational databhae dollects epidemiological clinical data for
clinical research from family paediatricians invedivin the Pedianet network in Italy. This systenbased on the
transmission of specific data from computerisedictil files, which the paediatricians in the netwdi out during
their daily professional activities. Informed conses required from the parents. Such data is catanonymously by

a central server in Padua, where it is validatetedaborated.

Pedianet is an independent network. The coordinaifothe projects and data analysis is carriedbyua scientific
committee that include internationally renowned giagicians, epidemiologists and researchers. Axiprately 400

paediatricians throughout the country have takehip@edianet projects.

The paediatric population involves infants, tods|erhildren and adolescents up to 14 years. Thebda¢ contains
information on about 400000 patients. This is thenglative amount of patients who have ever beemn g@athe

dynamic cohort of patients who have been registered

Database updates and data time |3dre database is updated continuously; every modtadraw down is made for

research purposes.

Data subsets and variabte$he database includes identification informat{ery. age, sex, patient identification, GP
registration information), information about vistts the paediatrician (reason for the visit andyd@sis), information
about drug, instrumental exams and specialistsvigiescriptions, specialist visits and instrumestams results, free
text patient’s diary, hospitalizations and emergermom access, patient's measurements (e.g. weighght, head
circumference), and death. Diagnoses are codeddingdo the International Classification of Diseas9th Revision,
Clinical Modification (ICD-9-CM) or are indicatedsafree text. Drug names are coded according to AhE

classification system recommended by the WHO.

Limitations of the databasé limitation of the database is that some inforiovais available in narratives, as free text,

especially information about diagnosis and symptarwvever, in recent data and in the future alnadistiagnosis
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information is being coded. Moreover, we are depiglg text-mining algorithms to automatically extraformation
form free text fields. The recordings of diagnoskated to specialist visits or hospitalisation/egeeicy room might

not be completed by the paediatrician or might deaykd. It is known, however, that this proporti®minor.

Publications:

- Use of moxicillin, amoxicillin/clavulanate and faelor in the Italian pediatric populationJournal of Pediatric
Infectious Diseases 9 (2014) 1-9

- Assessment of pediatric asthma drug use in threefean countries; a TEDDY studyur J Pediatr. 2011
Jan;170(1):81-92. doi: 10.1007/s00431-010-1275pubE2010 Sep 2.

- Combining electronic healthcare databases in Eurtipallow for large-scale drug safety monitoringret EU-ADR
Project.Pharmacoepidemiol Drug Saf. 2011 Jan;20(1):1-1it.1601002/pds.2053. Epub 2010 Nov 8.

- In-label and off-label use of respiratory drugstire Italian paediatric populatiorActa Paediatr. 2010 Apr;99(4):544-
9. doi: 10.1111/j.1651-2227.2009.01668.x. Epub 204127,

17



Identification of T2DM from heterogeneous data sesr

Table 1. Database characteristics

Protocol version: 1.5

Date: 01-Oct-2015

Diagnostic Laboratory
Type of data| Catchment Source Diagnoses Medication procedures results
Name source area population | (setting, coding (coding system) (coding system) | (coding
size system) terminology for
measurments)
ARS Record linkage Tuscany (ltaly) 3.7 millions Inpatient, ATC Ilc():cDa?CM > -
system y (ftaly ' ICDICM :
terminology
The northern
Record linkage and central Inpatient,
AUH svstem 9 region of| 1.8 million | secondary care | ATC NOMESCO -
y Jutland. ICD10
(Denmark)
Netherlands
. (Certain regions .
PHARMO sRes(ftce):;j inkag mainly -~ South| 4 million :EFI)Daglgth ATC 'It_eor(r:r?ilnolo i-eorcl’:r‘laiLolo
y East and North 9y 9y
West)
HSD Primary care Ital 2.5 millions Primary care atc Local Local
y y ' ICD9CM terminology terminology
THIN Primary care United Kingdom 3.5 millions Primary care, ATC Local Local
y 9 ' T RCD terminology terminology
IPCI Primary care Netherlands 1 million Primary care, ATC Local Local
y ICPClfree text terminology terminology
Admissions,
outpatients, Local terminology
Barcelona major ambulatory & the Local
IMASIS Hospital (three city| 1.4 milions | T y <h Medicines 'CDICM ol
districts) surgery and Spanish Medicines terminology

emergency room

ICD9CM

Agency codes
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Protocol version: 1.5

Date: 01-Oct-2015

Primary care/Self
reported,
EGCUT Biobank Estonia 52000 ICD10 ATC Local Local
terminology terminology
Primary care, Local Local
Pedianet Primary care Italy 350000 ICD9CM, free| ATC . :
text terminology terminology
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Study design

Descriptive, cross-sectional, retrospective mudtiathase study.
Setting

Source population

All subjects recorded in the participating datalsase

Study population

The study population will include all active subiedn the participating databases at two distinctek dates: 51

January 2009 and"Danuary 2012, respectively.

Study period

The study period considered for the analysis vélffom the start of data availability to th& January 2012 (except for
EGCUT, see Annex 2 — Rationale for ad hoc patifletpreparation in EGCUT).

Event definition

T2DM is a chronic disease characterized by hypeagiynia due to insulin resistance and pancreaticdst failure™

According to the ESC/EASD guideline, DM is diagnbses follows:

Diabetes

HbA:. Can be used Recommended
If measured 26.5% (48 mmolimal) 26.5% (48 mmol/mal)
Recommended

FPG 21.0 mmol/L (2126 mg/dL) 210 mmollL (2126 mg/dL)
or or

PG 211, mmollL (2200 mg/dL) 2111 mmol/L (2200 mg/dL)

This table was adapted from: European heart jouRdI3;34(39):3035-8%

From the cases fulfilling the above mentioned datenon-T2DM types (i.e. gestational diabetes, M)Bhould be

excluded.

Event Operationalization

In order to identify patients with T2DM from thelseted data sources, a set of standard algoritfnms, now on
referred to as “component algorithms”, will be ¢esh A component algorithm will be the identifieati of those
subjects who have a specific pattern of recordsnfi unique data domain (eg diagnoses, drug préscripr

laboratory results), for instance:
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Protocol version: 1.5

Date: 01-Oct-2015

1- Select subjects with at least two records ofimsnlin antidiabetics prescription in one year;

2- Select patients with at least one record oflinqarescription in one year;

3- Select patients with at least one record of T2didfjnosis recorded in a defined healthcare setting

4- Select patients with at least one record of@gdecmeasurement result above a defined threshold.

To create the list of component algorithms, tworses of knowledge will be leveraged and integratedentral expert-

based clinical and operational definition of T2Dkd-down approach) and the existing local expentiseT2DM

derivation (bottom-up approach) provided by locatiadbase experts.

Example of component algorithms for T2DM identificaion

Algorithm
acronym

T2DM_ALG_A

T2DM_ALG_B

T2DM_ALG_C

T2DM_ALG_D

Algorithm
name

Diagnosis in
primary care

Diagnosis in
inpatient
care

Glycated
hemoglobin
values
higher than
threshold

Non-insulin
antidiabetic
utilization

Description

Patients who have

at least one
diagnosis
recorded in a
primary care
setting
Patients who have
at least one
diagnosis

recorded during a
hospital admission
Patients who have
at least one result
recorded from a

glycated
hemoglobin  test
which is higher
than 6.5% (48
mmol/mol)

Patients who have

at least two
prescriptions  of
non-insulin

antidiabetics in a
calendar year

Selection rules

(Diabetes type 2) occurs
in [diagnosis fields] of
[tables collected during
primary care]

(Diabetes type 2) occurs
in [diagnosis fields] of
[tables collected during
inpatient care]

(Glycated Haemaoglobin)
occurs in [code of test
field] of [tables collecting
laboratory test results]
AND [result field] of the
same record is higher
than 6.5% (or 48
mmol/mol, according to
unit of measurement
adopted in the table)
(Drugs used in diabetes,
excl insulin) occurs in
[ATC field] of [drugs
tables]

Rules to
identify
subjects

all subjects
such that
selection rule
holds once or
more

all subjects
such that
selection rule
holds once or
more

all subjects
such that
selection rule
holds once or
more

all subjects
such that
selection rule
holds twice or
more in a year

Rules to
identify
date

date of
first
record

date of
first
record

date of
first
record

date of
second
record
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T2DM_ALG_E

tests

indicated for

diabetes

Utilization of Patients who have

at least three
glycated
hemoglobin tests

in two calendar
years, or two per
year in five
consecutive years

Protocol version: 1.5

[1] (Glycated
Haemoglobin) occurs in
[code of test field] of
[tables collecting
laboratory test results or
dispensing] OR [2]
(Blood glucose
measurement) occurs in
[code of test field] of
[tables collecting
laboratory test results or
dispensing]

Date: 01-Oct-2015

all subjects
such that
selection rule
[1] holds three
times or more
in two years
OR all
subjects such
that selection
rule [2] holds
twice per year
or more in five
consecutive
years

earlier
between
date of
third
record

in
selection
rule [1]
and

date of
the
second
record

in 5th
year in
selection
rule

(2]

The Unified Medical Language System (UMLS) will bged to build a shared semantic foundation achessdlifferent

coding systems in use in each data Basedical concepts concerning diagnoses, pharmacalogeatments and

diagnostic procedures pertinent to T2DM will beritiiged and projected to local terminologies.

Table X. Example of terminology mapping output

DIABETES TYPE 1

CuUl

C0375131
C0375118
C0375148
C0375116
C0375127
C0011854

C0375123
C0375146
C0342302
C0375150
C0375135
C0375125
C0375133
C0375129
C0375152
C0375114
C0375136
C0375120

ICD9CM

250.41
250.11
250.83
250.03
250.31

250.21
250.81

250.91
250.51
250.23
250.43
250.33
250.93
250.01
250.53
250.13

ICD10

E10

ICPC

T89001

READ ATC

X4034

T89002
T89003
T90004
T90006
T90008

66AJ1
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C0375138 250.61
C0011855

C0375142 250.71
C0375144 250.73
C0375140 250.63

DIABETES TYPE 1

CuUl ICD9CM  ICD10 ICPC READ ATC
C0375151 250.92
C0011860 El1l T90005 X4035

T90007

T90009

C0375143 250.72
C0375117 250.10
C0375126 250.30
C0375149 250.90
C0375147 250.82
C0375141 250.70
C0375119 250.12
C0375122 250.20
C0375132 250.42
C0375130 250.40
C0375134 250.50
C0375145 250.80
C0375115 250.02
C0375113 250.00
C0376128 250.52
C0375137 250.60
C0375124 250.22
C0375128 250.32
C0375139 250.62

CUI: Concept Unique Identifier from the Unified Medl Language System

Each local data base expert will extract only thosmponents that apply to the data collected inréspective data
source.

Using a custom-built analysis tool (a Microsoft &es interface for Stata and LaTeX softwares, seexaB), local data
base experts will be able to test the extractedpom@nts in different logical combinations by usBaplean operators
AND, OR, AND NOT). From now on, logical combinatiomf components will be referred to as “composite
algorithms”.

This approach will allow the use of each extraatechponent as inclusion, exclusion or refinementedan for the
identification of T2DM (e.g. “Select patients wittt least a diagnosis of T2DM” AND NOT “Patients hvit least a
diagnosis of type 1 diabetes”).

23



Identification of T2DM from heterogeneous data sesr Protocol version: 1.5 Date: 01-Oct-2015

Data analysis

Statistical hypothesis

Not applicable. This is a hypothesis-free descrg#tudy.

Statistical methods

Results from individual component algorithms, adlwe from each data source-specific compositerdtgo, will be

computed and presented as age band distributidreqfercentage of the data base population idedtifi
The age categories will be:

e 0to15years

* 16 to 44 years
e 45t0 64 years
* 651t0 84 years

o 85+ years

Example:

Figure x. Age band distribution of the percentage bdata base population identified by component algithm A

in different data source

Percentage

T T T
16-44 45-64 65-84 85+

The contribution of each extracted individual comguat algorithm to the population of cases iderdifigith the

recommended composite algorithm will be assessedaia source and presented as reported in trewioly example:
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TableX. Impact of individual component algorithms onthe population of cases retrieved in each particgting data source

through the recommended composite algorithms.

Recommended composite algorithm (A)

Data Source X Data Source Y Data Source Z

Tot. data base population
Nin A
% of Ain N

Component
Algorithm (B)

NinB
Algorithm 1 % of B in A
PR if B is added to A

NinB
Algorithm 2 % Bin A
PR if B is added to A

NinB
Algorithm 3 % Bin A
PR if B is added to A

N- Number of subjects
A- Recommended composite algorithm
B- component algorithm

PR- Percentage Ratio of patients in A or in B wéibpect to the percentage of A in the data baselgin

Data management and processing

A distributed network approach has been adopt&MiF to allow partners for maintaining control ¢efr data and to
benefit from local data base expert consultationthenappropriate use of data and interpretatioresflts. Therefore,
anonymized row patient-level data will be extracted managed locally. A custom-built Java basetiveoé called

Jerboa Reloaded hitp://www.emif.eu/emif/scientific-publications/detrables/data-extraction-softwarejvl

representing an updated version of Jerboa, whichusad in previous multi-data source research gdjesee Annex
1). Jerboa Reloaded will be run by local data bageerts allowing the standardization of the datalyais process.
After providing formal written approval, DCs willplopad the output file with the analytical aggregaidataset
produced by the software to the private remoteareseenvironment (PRRE) for analysis.
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Data will be analyzed in the PRRE using the cushaiilt- analysis tool that will estimate the contrilom of each
component in the identification of subjects withD\ in each DB (See “Statistical methods” under s$ketion “Data

Analysis”).

The input files used to run the Jerboa Reloadededisas the queries used for extraction, data mament and input
file creation, will be maintained in each partidipg institution together with relevant Jerboa Reled output files

which will be also uploaded and archived in the ER&gether with analysis results.

Software and hardware

The following software will be used:
» Jerboa reloaded module algorithm comparison, versi®.5.0.3

» Analysis tool, version 2.0 based on a Microsoft dgxinterface for Stata 13.0 and LaTeX.

QUALITY ASSURANCE

Jerboa software module has been double coded in $IAS analytical datasets are homogeneously pradusing
Jerboa in all databases locally. All analyses Wil conducted using the same analytical tool (“Asialytool”)

developed for this study.

A study-specific PRRE for secure access will bedugkie to data protection and ethical consideratieach partner
will work with local data to create output filesathwill contain only aggregated anonymized data Wik be shared in
the PRRE where only the use case participants @stadians) will have a secure and restrictedsscaad where data

will be analyzed.

LIMITATIONS OF STUDY METHODS

A validation of the records extracted in the dasasawill not be performed, since this is out of shepe of this study.

Results will not be intended as disease frequestignates.

ETHICAL CONSIDERATIONS

All databases will submit this protocol in orderftfill their local ethical guidelines and proceds.

DISSEMINATIONS AND COMMUNICATION STRATEGY
Data generated through this research will be shansohg data partners before December 2015. Evéaysdarce will

be free to reuse data generated from treatmeheoafdwn data.
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A study report summarizing all main results will pm@duced and shared with data partners beforerbeee2015.

The findings from this study will be submitted tpeer-review international journal before June 2016
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ANNEXES

Annex 1. Jerboa instructions

Available upon request by contacting the principaestigator.

Annex 2. Rationale for ad-hoc Patient file preparabn in EGCUT

EGCUT is a data source that collects informati@mfinterviews of donors of biological samples.

Due to the cross-sectional nature of this datacggyrarticipants’ (i.e. donors) observation pefp8GCUT starts and
ends on the same day (i.e. on the date of theviat@), except for a sample of patients correspamttinabout 4% of

the total population (around 2000 patients) foifchlat least 2 interviews are available.

Therefore, the definition of “start date” and “estate” adopted for Patients file preparation inltreitudinal data
sources of the EMIF-Platform cannot be applied &) T, otherwise the ordinary designs implementedeifoa for

Primary Data Extraction would not detect any actubjects on a given date.

Moreover, in EGCUT information on participant’s niead history, such as disease diagnoses and deygus

collected on the day of the interview and recordéh “special” criteria:

i) Diseases diagnosed at any time before the interarewecorded. Onset date is also recorded eftties i
participant’'s GP has this information or if medidalcumentation is provided by the participant as it
just mentioned by the participant as he remembegsa{so ask if the participant is suffering from a
disease at present or not). Usually at least ajypedr year of the diagnosis is recorded. If itas known,
the field is left empty. As Jerboa does not allonpgy dates, the date of the interview is given as

diagnosis date on such cases in Event file.

ii) drugs used in the last two months preceding trevigw to treat one of the mentioned diseases dsgghare

also recorded. No additional date is collectedlimg exposure.

Based on the information reported above, studyiipeciteria must be applied for ad-hoc Patiete fireparation in

EGCUT, in order to allow jerboa to produce reastmatsults.

Studies of prevalence of a condition (UC6)
-Start date = Birth date

-End date = % January of the year following that of the intewiéf more than one interview is available for tsme
patient, the last recorded interview is considerbddjeath year also available - for those donibtheir death is before

the 1st January, "deathyear-12-31" is applied @&t date.
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This way at any given date the estimated prevalehtge condition in the population interviewedeafthat date is
available. This information can be interpretedresgrevalence of the condition in a healthy sarmptée population

of the catchment area.
When collecting conditions from diagnostic codesy ailgorithms may be recommended
a) <COND>_DIAG_PC for conditions where the date isreated by the GP or from medical documentation

b) <COND>_DIAG_OTH when the date is the date of therview

Studies of prevalence of drug utilization
- Start date = F1December of the year preceding the interview

- End date = January of the year following that of the intewiéf more than one interview is available for $ame

patient, the last recorded interview is considered)
In this case the date of the interview is alwaysiaged as the date of the exposure.

Notably, in EGCUT indication of use is always aghble.

Other studies

For other studies the case of EGCUT must be trespdrately.
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Annex 3. Analysis tool user's manual

Available upon request by contacting the principaestigator.
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