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Background

The European Medical Information Framework (EMIF) project is establishing an EU
wide informatfion communication technology infrastructure (EMIF-Platform) to
facilitate the execution of high quality multi-data base observational studies
leveraging the combination of data sources with heterogeneous characteristics,
such as different database structure, contents, reasons for recording, language,
coding terminologies and healthcare system organization. For this purpose, a
template data derivation process was specifically developed and the
identification of Type 2 diabetes mellitus (T2DM) was used as a test case.

Objectives

1) To establish a set of standard algorithms useful to identify patients with type 2
diabetes (T2DM) across heterogeneous data sources, 2) to describe the data
source-tailored combinations of standard algorithms recommended by local
experts, and 3) to assess the impact of each standard algorithm on the
characteristics of identified cases, across different data sources.

Materials and methods

Data sources

Eight data sources from six different EU countries were included: three primary
care data sources (PCDs) from lItaly (PCD-l) Netherlands (PCD-N) and United
Kingdom (PCD-UK) respectively, three record linkage data networks (RLDs) from
Italy (RLD-l), Netherlands (RLD-N) and Denmark (RLD-DK), one hospital data
source (HD) from Spain and one biobank from Estonia (BD). PCDs, RLDs and BD
are population-based data sources, while HD contains non-representative
samples of the respective geographic catchment area. Average look-back fime
available in each data source at the beginning of the EMIF Project varied from 3
to 15 years.

Identification of Type 2 diabetes

A list of standard algorithms (component algorithms) for the identification of T2DM
from the selected data sources was created. Each component algorithm was
based on records from one specific data domain among: diagnoses (DIAG), drug
prescription (DRUG), utilization of a diagnostic test (TEST) or laboratory results
(LABVAL). For this purpose, two sources of knowledge were leveraged and
integrated: a central expert-based clinical and operational definition of T2DM
(top-down approach) and existing local expertise (bottom-up approach)
provided by database experts. The Unified Medical Language System (UMLS) was
used for semantic harmonization of coding systems: pertinent medical concepts
were idenftified and projected to local terminologies (e.g. ICD9CM, ICD10, READ,
ICPC for DIAG; ATC for DRUG; national coding systems for TEST and unit of
measurement LABVAL). The resulting list of local codes and string was refined
through an iterative process involving local experts’ feedback.

Different logical combinations of components were tested by local experts which
chose the preferred strategy for their data source (recommended composite
algorithm) and provided a comment as reusable knowledge. Considering
subjects 16+, all the person-time available at the index date (15" Jan 2012 for
PCDs, RLDs and HD, 15" Jan 2009 for BD) was used in the case-identification

algorithms.

Resulis

The EMIF-Platform provided aggregated health data on around 12 million
European citizens. The component algorithms used for T2DM identification from
the selected data sources are reported in Table 1. An example of the terminology
mapping outcome is shown in Table 2. All recommended composite algorithms
used at least one DIAG-based component as inclusion criteria, except for RLD-N
that adopted a strategy based on DRUG only (Figure 1). DIAG-based inclusion
criteria contributed for 93-100% of the total case population in PCD (Table 2), 100%
in both BD and HD and 15-73% in RLD (Table 3). In RLDs, DRUG-based components
identified from 81% to 100% of the respective total case population, and from 58%
to 83% in PCDs. The population of cases identified through hypoglycaemic drug
use (T2DM_ORAL) was the most homogeneous population across the 6
population-based data sources (PCDs and RLDs) (Figure 2).

Conclusions

Ovur standardization approach allowed to benchmark the results
obtained form each exiracted component algorithms across
heterogeneous and otherwise non-comparable data sources. It also
provided insight into the total population of patients identified as
cases in each specific data source using the relevant composite
strategy recommended by local experts. For instance, our results
showed that in PCDs, BD and HD cases of T2DM were mainly
identified through diagnoses: however, while in PCDs and BD cases
are probably representative of patients with T2DM in  the
corresponding source population, cases identified in HD are
expected to be more severe (i.e hospitalized). In RLDs DRUG-based
components contributed most to the total case population. Indeed,
such components do miss T2DM cases who are not treated with
drugs and they may possibly misclassity T2DM with other diseases for
which the same drugs can be used. Based on these considerations,
investigators and local experts could consider to change their
preferred identification sirategy according to the type of study
question or sensitivity analysis: if specificity is important, they may
switch to DIAG-based identification strategies, at the expenses of
sensitivity; if sensitivity is important, they may add other inclusion
criteria, like LABVAL or TEST; if homogeneity across different data
sources Is important, they may agree to adopt a DRUG-based
sfrategy. Notably, this data derivation process records a priori
knowledge from each participating data source thus, whenever @
study involving T2DM is designed, sensitivity analysis can be planned
to discuss possible heterogeneity of study results. Ultimately, this data
derivation process can be applied to any other event of inferest.

Table 1. List of standard component algorithms for the identification of type 2 diabetes cases from the selected data sources.

hospital admission

during inpatient care]

Algorithm acronym MName Description Selection rules Rules to identify subjects Rules to identify date
TZDM_DIAG_PC Diagnosis in primary care Patients who have at least one diagnosis recorded in a primary  {Diabetes type 2) occurs in [diagnosis fields] of [tables collected  all subjects such that selection rule holds once or mare date of first record
care setting during primary care]
T2DM_DIAG_SC Diagnosis in secondary care Patients who have at least one diagnosis recorded in a secondary  (Diabetes type 2) occurs in [diagnosis fields] of [tables collected  all subjects such that selection rule holds once or mare date of first record
care setting during secondary care]
T2DM_DIAG_INF Liagnosis in inpatient care Patients who have at least one diagnosis recorded during a (Liabetes type 2) occurs in [diagnosis fields] of [tables collected  all subjects such that selection rule holds once or more date of first record
]

T2DM_DIAG_OTH

Diagnosis from other sources

Patients who have at least one diagnosis recorded in a setting
other than primary, secondary or inpatient care

(Diabetes type 2) occurs in [diagnosis fields] of [tables collected
in other settings]

all subjects such that selection rule holds once or more

date of first record

T2DM_DMUNSPEC

Uiagnosis of unspecified DM in any healthcare sefting

Patients who have at least one diagnosis of unspecified diabetes
recorded in any care setting

(Diabetes unspecified) occurs in [diagnosis fields| of [any table
collecting diagnoses]

all subjects such that selection rule holds once or more

date of first record

T2DM_Dh1 Diagnosis of T1DM in any healthcare setting Patients who have at least one diagnosis of type 1 diabetes (Diabetes mellitus type I) occurs in [diagnosis fields] of [any table  all subjects such that selection rule holds once or more date of first record
recorded in any care setting collecting diagnoses]
T2DM_EXCL Diagnosis of other conditions causing hyperglycemia, in any Patients who have at least one diagnosis of conditions causing ((Metabolic problems around pregnancy) OR (Metabo- all subjects such that selection rule holds once or more date of first record
healthcare setting hyperglycemia other than T2DM and T1DM recorded in any care  lic/pancreatic problems, non fype 2 diabetes) OR (Palycystic
setting Ovary Syndrome)) occurs in [diagnosis fields] of [any table
collecting diagnoses]
T2DM_ORAL Oral antidiabetic utillization Patients who have at least two prescriptions of oral antidiabetic  {Drugs used in diabetes, excl insulin) occurs in [ATC field] of all subjects such that selection rule holds twice or more ina year  date of second record

in a calendar year

[drugs tables]

T2DM_ORAL_ONE

Oral antidiabetic utilization

Patients who have at least one prescription of oral antidiabetic in
a calendar year

(Drugs used in diabetes, excl insulin) occurs in [ATC field] of
[drugs tables]

all subjects such that selection rule holds once or more

date of first record

T2DM_INSULIN

Insulin utilization

Patients who have at least two prescriptions of insulin in a
calendar year

{Insulins and analogues) occurs in [ATC field] of [drugs tables]

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

date of second record

T2DM_INSULIN_ONE

Insulin utilization

Patients who have at least one prescription of insulin in a
calendar year

(Insulins and analogues) occurs in [ATC field] of [drugs tables]

all subjects such that selection rule holds once or more

date of first record

T2DM_LABVAL _TWO

Iwo glycated hemoglobin values higher than threshold

Patients who have at least two results recorded from a glycated
hemoglobin test which is higher than 6.5%: (48 mmal/mol)

{Glycated Haemoglobin) 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 mmel/maol, according fo unit of
measurement adopted in the table)

all subjects such that selection rule holds twice or more

date of second record

T2DM_FAST_GLUC_TWO

Two fasting plasma glucose measurements higher than threshold

Patients who have at least two results recorded from a fasting
plasma glucose measurement which is higher than 126 mg/dl)

(Fast Glue) occurs in [code of test field] of [tables collecting labo-
ratory fest results] AND [result field] of the same record is higher
than 126 mg/d|

all subjects such that selection rule holds twice or more

date of second record

T2DM_LCURVE_GLUC_TWO

Two glucose tolerance tests higher than threshold

Patients who have at least two resulis recorded from a glucose
tolerance test higher than 200 mg/dl)

(Leurve(Gluc) occurs in [code of test field] of [tables collecting
laboratory test results] AND [result field] of the same record is
higher than 200 mg/dl

all subjects such that selection rule holds twice or more

date of second record

T2DM_TEST_GLUGOS_1YH

Hepeated measurement of glucose in one year

Fatients who have a fifth blood glucose measurement within 1
year

(Blood glucose measurement) occurs in [code of test field] of
[tables collecting laboratory test results or dispensings]

atleast 5 in a year

date of the fith record within a
year

T2DM_GLUCO2_PYEAR_SYR

Hepeated measurement of glucose in one year

Patients who have two blood glucose measurements per year for
5 consecutive years

(Blood glucose measurement) occurs in [code of test field] of
[tables collecting laboratory test results or dispensings]

at least 2 per year in 5 consecutive years

date of the second record in the
5th year

Table 2. Example of terminology mapping output: diagnosis codes and free text corresponding to the concept “type 2 diabetes”

Unified Medical Language System - Concept Unique identifiers

Local terminologies

ICD9CM  ICD10 ICPC2P RCD Free text in PCD-N
C0011860 Diabetes Mellitus, Non-Insulin-Dependent E11 T90005, T90007, T90009 X40J5 ('T90") AND (type 2
C0375113  type |l diabetes mellitus [non-insulin dependent type] [NIDDM type] [adult-cnset type] or unspecified type, not stated as uncontrolled, without mention of complication 250.00
CO375115  type |l diabetes mellitus [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrolled, without mention of complication 250.02
CO375117  type |l diabetes mellitus [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, not stated as uncontrolled, with ketoacidosis 25010
CO37511%  type |l diabetes mellitus [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrofled, with ketoacidosis 25012
C0375122 Diabetes mellitus, type |l [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type with hyperosmaolarity, not stated as uncontrolied 250.20
C0375124 Diabetes mellitus type Il [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type with hyperosmolarity, uncontrolied 250.22
C03751268 Diabetes meliitus, type |l [non-insulin dependent typel [NIDDM type] [adult-onset type] or unspecified type, not stated as uncontrolied 250.30
C0375128 Diabetes mellitus with other coma, type Il [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrolled 25032
C0375130 Diabetes meliitus type || [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, not stated as uncontrolled, with renal manifestations 250.40
C0375132 Diabetes meliitus type |l [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrolled, with renal manifestations 250.42
C0375134 Diabetes meliitus type Il [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, not stated as uncontrolled, with ophthalmic manifestations 250.50
CO376128 Diabetes meliitus type Il [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrolled, with ophthalmic manifestations 250.52
C0375137 Diabetes meliitus type Il [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, not stated as uncontrolfled, with neurological manifestations 250.60
C0375138 Diabetes mellitus type || [mnon-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrolled, with neurological manifestations 260.62
C0375141 Diabetes mellitus type |l [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, not stated as unconfrolled, with peripheral circulatory disorders  250.70
C0375143 Diabetes mellitus type |l [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrolled, with peripheral circulatory disorders 250.72
C0375145 Diabetes melliitus type Il [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, not stated as uncontrolled, with other specified manifestations  250.80
C0375147  Diabetes meliitus type || [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrelled, with other specified manifestations 250.82
C03751489  Diabetes meliitus type Il [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, not stated as uncontrolled, with unspecified complication 250.90
C0375151 Diabetes meliitus type |l [non-insulin dependent type] [NIDDM type] [adult-onset type] or unspecified type, uncontrolled, with unspecified complication 250.92

Figure 1. Recommended composite algorithms: percentage of
the total data base population identified per age band
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Table 3. Impact of each component algorithms on the
population of cases retrieved through recommended

composite algorithms

RECOMMENDED COMPOSITE ALGORITHMS (A)

RLD-l RLD-DK RLD-N PCD-UK PCD-N PCD-l BD HD
COMPONENT
ALGORITHMS (B)° N 3301177 1372883 1405220 3278013 992924 945691 22430 15713
NinA 254045 77616 57712 253197 67096 81658 779 2466
%ofAinN 75 5.1 41 T 6.8 8.6 35 15.7
T2DM_DIAG_PC NinB 0 0 0 253197 62191 43438 779 0
=1 diagnosis %ofBinA 1000% 927% 526% 1000% -
from primary care PRifBadded - - - +00% +00% +06% +0.0%
T2DM_DIAG_INP NinB 95303 27887 13098 O 0 0 0 2520
=] T2DM diagnosis %ofBinA 375%  359%  15.1% 100.0%
from inpatient care PRifBadded +00%  +00% +76% - : = : +2 2%
T2DM_DIAG_SC NinB 0 Jardd 0 0 0 0 0 0
>1 T2DM diagnosis %of Bin A 46 1%
from secondary care PRifB added - +H0% - - : - i :
T2DM_DMUNSPEC NinB 191999 0 0 0 0 79035 0 0
=1 unspecified diabetes diagnosis %ofBinA  73.2% 94 3%
from any healthcare setting PRifB added +2.4% - - z +2.5% -
DM_DIAG_OTH NinB 149806 0 0 0 0 0 0 0
>1 unspecified diabetes diagnosis %ofBinA  959.0%
from co-payment exemption PRifBadded +0.0% - - - - - - -
T2DM_DM1 NinB 18147 17896 O 0 8816 2050 164 18
=1 type 1 diabetes diagnoses %ofBinA  6.9% 18.1% 88% 00% 28% 00%
from any healthcare setting PRifBadded +02% +49% - . +43% +25% +182% +3.2%
T2DM_EXCL NinB 13741 789 2004 0 0 5782 0 78
=1 diagnoses of other types of %ofBinA  1.1% 1.8% 1.9% 0.3% 1.7%
diabetes or glucose intolerance PRifBadded +4.3% +83% +35% - : +§.8% - +1.5%
T2DM DIAG PC OR T2DM DIAG INP NinB 191999 43622 13098 253197 62191 79035 779 2520
OR T2DM DIAG SC OR T2DM %ofBinA 732% 562%  151%  1000% 927% 943% 100.0% 100.0%
DMUNSPECORT2DMDIAGOTH  prifBagded +24%  +00%  +76%  +00%  +00% +25% +00% +2.2%
T2DM_INSULIN NinB 45522 220014 21192 41019 15020 11607 - 0
=2 prescriptions of %ofBinA  179%  254%  258%  16.1%  190% 123% -
Insulin in one year PRifBadded +00% +30% +109% +01% +34% +20% -
T2DM_INSULIN_ONE NinB 62341 23319 0 0 7719 0 18 0
=1 prescription of %ofBinA  21.2%  206.9% 22 0% 1.9%
insulin in one year PRifBadded +34%  +36% - - +H44% - +08% -
T2DM_ORAL NinB 216338 57153 57712 136370 51589 45624 - 0
>2 prescriptions of %ofBinA  852% 710% 1000% 517% 769% 530% -
NIAD in one year PRifBadded +00% +27% +00% +21% +00% +29% - -
T2DM_ORAL_ONE NinB 213952 61604 0 0 4181 62110 45 0
=1 prescription of NIAD %ofBinA  875% T72.7% 8068%  706% 5.8%
In one year PRifBadded +203% +67% - - +00% +54% +00% -
T2DM_INSULIN OR NinB 295676 70405 64016 151576 58355 65076 40 0
T2DM_INSULIN_ONE OR %ofBinA  930%  81.1%  1000% 577% 826%  73.1% 50.0%
Egm-g; ;LL gﬁE PR i B added +234% +96%  +109% +22% +44% +66% +4.1%
T2DM_FAST_GLUC_TWO NinB 0 0 0 0 0 32153 0
=2 fasting glucose values %ofBinA 3686%
=126mg/dl PRifBadded - - - - - +08% . -
T2DM_LABVAL_TWO NinB 0 0 62400 0 42711 20196 0
=2 glycated %ofBinA 65.1% 636% 241% .
hemoglobin value PRifBadded - - +430% - +24%  +07% -
T2DM_LCURVE_GLUC_TWO NinB 0 0 0 0 0 32 0 0
=2 glucose tolerance test %of Bin A 00% .
values >200mg/dl PRifBadded - - - - - +0.0% . -
T2DM_FAST_GLUC_TWO OR NinB 0 0 62400 O 42711 38764 0 0
T2DM_LABVAL_TWO OR % of BinA 63.1% 636% 465 -
T2DM_LCURVE_GLUC_TWO PRifBadded - - +30% - +24%  +1.0% -
T2DM_TEST_GLUCO5_1YR NinB 266940 16999 o 0 0 0 0 0
=5 glycated hemoglobin tests %ofBinA  458%  216%
In 1 year PRifBadded +59.3% +03% . i _ )
T2DM_GLUCO2_PYEAR_5YRS NinB 172784 28583 0 0 0 0 0
=2 glycated %ofBinA  326%  36.1%
PRifBadded +394% +07% . . ) i
T2DM_TEST_GLUCOS5_1YR OR :E - 225;% i’jE'ID f L . 0 0 0 0
T2DM_GLUCO2_PYEAR_5YRS _ .
PRifBadded 79.2% +0.8%

Since patients can be identified by more than one component algorithms, percentages may overlap.
“Only standardized component algorithms that were included in at least one final compaosite algorithm are shown in the table.

A= recommended composite algorithm
B= component algorithm(s)

N=number of active patients at aged 16+ at index date
PR= percentage ratio of patients in A or Bin N with respect to the percentage of Ain N
Grey cells correspond to component algorithms that were included in the relevant recommended composite algorithm.
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