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ABSTRACT
Objectives: The Italian project MATRICE aimed to
assess how well cases of type 2 diabetes (T2DM),
hypertension, ischaemic heart disease (IHD) and heart
failure (HF) and their levels of severity can be
automatically extracted from the Health Search/CSD
Longitudinal Patient Database (HSD). From the medical
records of the general practitioners (GP) who
volunteered to participate, cases were extracted by
algorithms based on diagnosis codes, keywords, drug
prescriptions and results of diagnostic tests. A random
sample of identified cases was validated by
interviewing their GPs.
Setting: HSD is a database of primary care medical
records. A panel of 12 GPs participated in this
validation study.
Participants: 300 patients were sampled for each
disease, except for HF, where 243 patients were
assessed.
Outcome measures: The positive predictive value
(PPV) was assessed for the presence/absence of each
condition against the GP’s response to the
questionnaire, and Cohen’s κ was calculated for
agreement on the severity level.
Results: The PPV was 100% (99% to 100%) for
T2DM and hypertension, 98% (96% to 100%) for IHD
and 55% (49% to 61%) for HF. Cohen’s kappa for
agreement on the severity level was 0.70 for T2DM and
0.69 for hypertension and IHD.
Conclusions: This study shows that individuals with
T2DM, hypertension or IHD can be validly identified in
HSD by automated identification algorithms. Automatic
queries for levels of severity of the same diseases
compare well with the corresponding clinical
definitions, but some misclassification occurs. For HF,
further research is needed to refine the current
algorithm.

INTRODUCTION
Italy is facing an increasing burden of chronic
health conditions due to ageing of the popu-
lation. To provide adequate and fair health-
care across regions, Italy was advised by the
Organisation for Economic Co-operation and
Development to develop a set of standards
around the processes and outcomes of
primary care and to develop a national
quality governance model to support regions
in delivering care of uniform quality across
the country.1 The Italian National Agency for
Regional Healthcare Services started the
MATRICE Project in 2011. MATRICE was

Strengths and limitations of this study

▪ This is the first validation study specifically per-
formed in the Italian General Practitioners’ (GP)
medical records database Health Search.

▪ The positive predictive value of automatic case-
finding algorithms for four chronic diseases and
their levels of severity was estimated, using
manual assessment of the GPs themselves as a
gold standard.

▪ A total of 12 GPs contributed to the study and
300 cases were assessed for type 2 diabetes,
hypertension and ischaemic heart disease, 243
for heart failure.

▪ This study is part of a national Italian project
funded by the Ministry of Health and aimed to
validate information systems available in the
country to monitor quality of healthcare for
chronic diseases.

▪ Participation of the GPs was voluntary, and
sensitivity could not be assessed.
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aimed at developing tools to compare quality of health-
care across Italian regions of four chronic diseases: type 2
diabetes (T2DM), hypertension, ischaemic heart disease
(IHD) and heart failure (HF). One of the objectives was
to assess the validity of routine care data to monitor
quality of healthcare supply.2 3

The Health Search IMS Health Longitudinal Patient
Database (HSD) is a longitudinal primary care medical
record database that was set up by members of the
Italian College of General Practitioners (SIMG). More
than 900 physicians, uniformly distributed across Italy,
share their de-identified clinical records in the HSD.
These data are extensively used for epidemiological and
public health research.4 5 6 7 8 9 10 11 12

The HSD database is very similar to other Primary
Care databases: for instance, in the UK, the Clinical
Practice Research Datalink (CPRD, formerly GPRD),13

The Health Information Network (THIN)14 and
QResearch;15 in Canada, the Canadian Primary Care
Sentinel Surveillance Network (CPCSSN);16 in the
Netherlands, the Integrated Primary Care Information
database (IPCI);17 in Spain, the database Base de datos
para la Investigación Farmacoepidemiológica en
Atención Primaria (BIFAP).18 A common feature of
these countries is that the GP serves a well-defined popu-
lation and is the gatekeeper to secondary care.
In this type of medical records, every visit is recorded

and all diagnoses, prescriptions and measurements are
recorded as part of a general practitioner’s daily prac-
tice. Moreover, information from specialist referrals is
reported back to the general practitioner (GP) and
stored in the same medical records. The medical
records replace the paper records that once existed and
may be considered a rather comprehensive list of health
problems requiring care. Owing to its longitudinal,
population-based nature, this type of databases serves
well for many research purposes, such as estimate of
burden of disease, pharmacoepidemiologic and health
services research. Since information is collected primar-
ily for the provision of care, the quality of coding diag-
noses may not always be accurate and also this varies by
type of disease.19 20 Moreover, the same code may be
used for different clinical definitions of a disease, when
diagnostic standards are not uniform across healthcare
communities or change over time. As a consequence,
case-finding algorithms that retrieve participants from
such data sources using diagnostic codes may uninten-
tionally retrieve participants whose clinical condition
does not correspond to the one intended for a study.
On the other hand, GPs may record clinical conditions
as a free text note, and a retrieval strategy using only
coded diagnoses may miss some cases. As a result, algo-
rithms using other sources, such as results from labora-
tory tests, have been developed to query this type of data
sources.21 Disease-specific validation studies of case-
finding algorithms in GP medical record databases have
been performed in CPRD,22 23 CPCSSN,20 24 IPCI and
HSD itself.25 26

A panel of experts in the MATRICE Project established
precise clinical definitions of T2DM, hypertension, IHD
and HF, and identified levels of severity of the conditions
that had to be distinguished for the purpose of monitor-
ing healthcare quality. The aim of this study was to esti-
mate the positive predictive value (PPV) of case-finding
algorithms to detect such conditions and levels of severity
from the GP medical records collected by HSD, against a
gold standard based on manual comparison with the clin-
ical definitions chosen by the MATRICE panel.

METHODS
Setting
Italy has a tax-based, universal coverage national health
system. Every Italian resident is entitled to choose a GP,
although parents might instead opt for a specialist
paediatrician for their children, up to the age of 15.
Therefore, each resident from the age of 16 onwards is
specifically registered with a GP. GPs are the ‘gate-
keepers’ of the system, meaning that patients can only
access secondary care within the healthcare system on
referral of their GP.27 1 Secondary care is accessed either
free of charge or on a small copayment.
During their daily practice, GPs record all clinical

findings, diagnoses and prescriptions in their electronic
medical records. GPs participating in HSD all use the
same software, which requires that each prescription is
associated with a specific disease code. A disease code
may be labelled as ‘suspect’ when further clinical ascer-
tainment is needed. Results from laboratory tests may be
recorded as well. Moreover, free-text fields are available
in the software to collect clinical notes on diagnoses,
signs, symptoms and referral letters from specialists or
from hospitals. Every 6 months, GPs send their data to a
central repository, after anonymisation. The central
repository performs quality controls, like estimation of
prevalence of common diseases, and selects GPs whose
data prove to be accurate.4 Currently, data of 700 of 900
GPs, uniformly distributed across Italy, are considered
accurate according to data quality checking.12

Clinical definition of the diseases and of their
levels of severity
A panel of cardiologists, diabetologists, epidemiologists
and experts in organisation of primary care services par-
ticipating in the MATRICE Project first established clin-
ical definitions of the four diseases and of their levels of
severity. The levels of severity were selected according to
whether national and international clinical guidelines
contained specific indications for treatment or diagnos-
tic follow-up in the patients with that condition. For
instance, a patient with IHD after an episode of acute
myocardial infarction (AMI) has an indication for treat-
ment with β-blockers;28 hence, history of AMI is a rele-
vant level of severity for IHD.
The detailed definitions of the diseases and of the

levels of severity are depicted in table 1. For T2DM, the
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Table 1 Clinical definition of diseases and levels of severity

Clinical definition Levels of severity

Type 2 diabetes mellitus

Syndrome diagnosed on the basis of the following criteria

outlined in a first test and confirmed with a second test in an

adult, non-pregnant patient, without typical symptoms of the

disease: Fasting plasma glucose ≥126 mg/dL (no caloric

intake for at least 8 hours), or 2-hour plasma glucose

≥200 mg/dL during an oral glucose tolerance test (OGTT)

after a load of 75 g glucose, or glycated haemoglobin ≥6.5%.

Or, in a patient with classic symptoms of hyperglycaemia or

hyperglycaemic crisis, a random plasma glucose of plasma

glucose ≥200 mg/dL (regardless of food intake).

Level 1: Clinical definition of the disease, no indication for

insulin therapy and no complications listed in level 3

Level 2: Clinical definition of the disease, indication for insulin

therapy and absence of complications listed in level 3.

Level 3: Clinical definition of the disease, no indication for

insulin therapy and one of the following: (1) arterial stenosis

(coronary, carotid, peripheral arteries of lower extremities),

angina pectoris, MI, TIA, ischaemic stroke of atherosclerotic

origin, intermittent claudication, diabetic foot ulcer, lower limb

amputation, (2) retinopathy, (3) incipient diabetic nephropathy

(microalbuminuria) or overt (albuminuria or GFR abnormal)/

dialysis

Level 4: As in level 3, except that insulin is indicated

Hypertension

Syndrome characterised by arterial systolic blood pressure

above 140 mm Hg and/or diastolic blood pressure above

90 mm Hg in at least two measurements (patient at rest)

confirmed by Holter blood pressure measurements or by

home blood pressure monitoring (two measurements in the

morning and two in the evening for 7 days) and then

calculating the average of all measurements after discarding

those of the first day (as recommended by the ESH

guidelines)

Level 1: Clinical definition of the disease, absence of organ

damage and of diabetes

Level 2: Clinical definition of the disease, no HF in level at

least C of the ACC/AHA classification and at least one of the

following conditions: type 2 diabetes; hypertrophy (ECG or

Echo), dilation or left ventricular asynergy (Echo);

hypertensive retinopathy; GFR abnormal; microalbuminuria or

proteinuria; atherosclerotic plaques in carotid arteries;

atherosclerotic peripheral arterial occlusive disease; angina

pectoris; coronary revascularisation; AMI; TIA or ischaemic

stroke due to atherosclerosis; hypertensive encephalopathy;

abdominal aortic aneurysm; aortic dissection; cerebral

haemorrhage

Level 3: Clinical definition of the disease and HF in stage C or

D of the ACC/AHA classification.

Ischaemic heart disease

Clinical syndrome characterised by typical angina chest pain,

and/or transient myocardial ischaemia verified by stress ECG

or imaging, and/or significant coronary arteries occlusion

verified with angiography, or history of previous AMI.

Level 1: Clinical definition of the disease, no evidence of

previous AMI nor PTCA, no evidence of HF in stage C or D of

the ACC/AHA classification.

Level 2: Evidence of previous PTCA, no evidence of previous

AMI, no evidence of HF in stage C or D of the ACC/AHA

classification.

Level 3: Evidence of previous AMI, no evidence of previous

PTCA, no evidence of HF in stage C or D of the ACC/AHA

classification.

Level 4: Evidence of previous PTCA and AMI, no evidence of

HF in stage C or D of the ACC/AHA classification.

Level 5: Clinical definition of the disease and evidence of HF

in stage C or D of the ACC/AHA classification.

Heart failure

Stage C or D of the ACC/AHA classification: syndrome

characterised by the presence of symptoms and signs,

current or prior dyspnoea and/or fatigue and/or fluid retention

(peripheral oedema and/or pulmonary stasis), and the

presence of structural heart disease (left ventricular systolic

dysfunction with EF <50% and/or left ventricular diastolic

dysfunction and/or right ventricular dysfunction) detected by

echocardiography

None

ACC/AHA: American Cardiology Association and American Heart Association; AMI, acute myocardial infarction; EF, ejection fraction; HF,
heart failure; GFR, glomerular filtration rate; PTCA, percutaneous transluminal coronary angioplasty.
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clinical definition was at least two abnormal measure-
ments among fasting plasma glucose, or 2-hour plasma
glucose after a load of glucose, or glycated haemoglobin;
or just one abnormal measurement of plasma glucose if
symptoms of hyperglycaemia were observed. Four levels
of severity of the disease were identified, according to
the presence/absence of indication for insulin and the
presence/absence of complications or organ damage.
For hypertension, diagnostic criteria were two abnormal
measurements for systolic and diastolic blood pressure
confirmed either by a Holter blood pressure measure-
ment or by home blood pressure monitoring. Three
levels of severity were identified: no organ damage or
diabetes or stroke; organ damage or diabetes or stroke
without HF; hypertension with HF. For IHD, the clinical
definition referred to symptoms (angina pain) or to a
history of AMI or to a bioimaging observation of coron-
ary ischaemia. Five levels of severity of IHD were identi-
fied: the most severe was HF, and among those free from
HF the presence/absence of history of AMI and the
presence/absence of percutaneous transluminal coron-
ary angioplasty (PTCA) classified the four levels. HF was
also identified as a condition on its own, and the clinical
definition was stage C or D of the classification by the
American College of Cardiology and of the American
Heart Association.29

Case identification in the primary care medical records
A panel comprising epidemiologists from HSD and GPs
belonging to SIMG, with expertise in the clinical areas of
interest, developed ad hoc algorithms to identify from the
GP medical records cases matching the clinical definitions
of the MATRICE Project. In each algorithm, the inclusion
and exclusion criteria of the clinical definition were
mapped to a list of ICD9CM codes or, when deemed neces-
sary, to free text and to conditions on diagnostic tests.

Case validation
An invitation to participate in the validation study was
circulated by SIMG to a sample of GPs, and participation
was voluntary.
A data collection plugin for the medical record soft-

ware was developed by HSD and installed in the compu-
ters of the GPs who accepted to participate in the study.
For each disease, the plugin applied the algorithm to

the whole list of active patients on the date of data collec-
tion and selected a random sample of 25 patients from the
resulting list of cases. The plugin then showed the names
of the patients in the sample to the GP for assessment. On
the same screen, the clinical definitions of the disease and
of its levels of severity were presented. The GP was aware
that the cases were selected for a specific condition among
T2DM, hypertension, IHD and HF, but was blinded to the
level of severity. The GP had the choice of indicating that
the patient was not affected by the disease (false positive:
FP) or that the patient was affected but the level of severity
could not be assessed on the basis of the information avail-
able to the GP (not staged: NS), or to assign a level. In the

process, the GP was free to access the patient’s medical
record. Figure 1 shows a screenshot of the data collection
plugin (patients listed are not real).
When the GP had completed the manual assessment

of the four samples of patients, the plugin applied the
algorithms for the level of severity, linked the new
columns to the data set resulting from the questionnaire,
anonymised the final data set and transmitted it to HSD
for statistical analysis.
Data collection was performed in July 2013.

Statistical analysis
The formula to compute the PPV, for presence/absence
of the condition and for each of the levels of severity,
was

PPV ¼ true positives=ðautomatically assignedÞ

and 95% CIs were estimated. For the three diseases
where levels of severity had been validated (T2DM,
hypertension and IHD), Cohen’s κ was computed to the
categorical distribution of levels of severity. Cohen’s
kappa discounts from observed concordance (the per-
centage of participants who are classified in the same
level by the algorithms and the GP), the expected con-
cordance (the percentage of participants who would be
classified the same if assignment had been performed
randomly) by means of the following formula

K ¼ ðobserved concordance � expected concordanceÞ=
ð1� expected concordanceÞ

Cohen’s κ provides an overall measure of agreement
about levels of severity. Analysis was performed on the
whole sample of patients, irrespectively on the GP.
Analysis was performed using Stata V.12.

RESULTS
Algorithms for primary care medical records
The algorithms detecting the diseases and levels of
severity from the primary care medical records are listed
in table 2. Each algorithm consists of a sequence of
rules, each acting as an inclusion criterion, a refinement
criterion (linked to the inclusion criterion with the
logical connector AND) or a refinement criterion
(linked to the inclusion criterion with the logical con-
nectors AND NOT). Each rule is itself composed by sub-
queries (represented in the table by keywords in round
parentheses), and subjects matching at least one of the
subqueries are included in the rule, that is, the subqu-
eries are linked to each other with the logical connector
OR. No specific temporal sequence between subqueries
is requested. Every subquery selects records matching a
specific list of codes, free text keywords and/or diagnos-
tic test levels, which are listed in Supplementary material
1. All the subqueries are applied to the whole set of lon-
gitudinal observations of the patients up to the index
date, except when specified otherwise.
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In all subqueries, records labelled with ‘suspect’ were
excluded, except in the case of the subquery detecting
patients with AMI, used to detect levels of severity 3 and
4 in patients with IHD.

Validation
A panel of 12 GPs participated in the validation study. A
total of 300 patients were identified and validated for
each disease, except for HF, where due to low preva-
lence of the condition only 243 patients were included.
The PPV of the algorithms were 100% (CI 99% to

100%) for T2DM and hypertension and 98% (CI 96% to
100%) for IHD. For HF, PPV was 55% (CI 49% to 61%).
For T2DM, the second and fourth levels of severity

had very high PPV (88% and 93%, respectively).
Around 20% of patients without indication for insulin
(first and third levels of severity) had their presence of
complications misclassified. Both possibilities took place:
patients with complications were identified as being free
from them, and vice versa. Overall, Cohen’s kappa was
0.70, indicating a good level of agreement (table 3).
Among hypertensive patients, every level of severity

was misclassified in <20% of patients, and in the case of

the middle level (organ damage and/or diabetes, no
HF) patients were in fact almost all less severe with
respect to the level they were automatically assigned to.
Cohen’s κ was 0.69, showing good agreement (table 3).
In the case of IHD, the first and fifth levels of severity

had excellent PPV, while AMI was incorrectly identified
by the algorithm in 22% of cases. The two levels of sever-
ity characterised by the presence of PTCA were never
manually indicated by the GPs, and the automatic algo-
rithm was in almost perfect agreement in both cases.
Overall, Cohen’s κ was 0.69, showing good agreement
(table 3).

DISCUSSION
This study shows that almost all of the automatically
detected cases of T2DM, hypertension and IHD, but
only the 55% of cases of HF were true cases as assessed
by the GP, on the basis of their own records and per-
sonal knowledge. Automatic classification of levels of
severity of T2DM, hypertension and IHD was acceptable
although less accurate. In the case of IHD, mild cases
were misclassified as severe, while in T2DM and

Figure 1 Screenshot of the data

collection plugin. The GP

participating in the study was

asked to fill in the four tables, one

per disease. In the table, ‘S.P.’

meant ‘without the disease’ and

‘N.S.’ meant that the patient had

the disease but the GP was not

able to assess the level of

severity. The clinical definition of

the condition and of each level of

severity could be browsed in the

upper part of the screen, while,

whenever the pointer stopped on

a cell in the table, a tooltip

suggested the label of the

corresponding level. The patients

listed in the figure are not real.

GP, general practitioner.
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Table 2 Algorithms to detect diseases and levels of severity

Algorithm for the disease Algorithms for levels of severity

Type 2 diabetes mellitus

[(DM) OR (GFR) OR (DM TESTS)]

AND NOT

(DM1)

Algorithm for the disease

AND (DM UNCOMPLICATED)

AND NOT [(INSULIN) OR (DM2 CHRONIC COMPLICATIONS)

OR (DM2 ASYMPTOMATIC COMPLICATIONS) OR (CVD)]

Algorithm for the disease

AND (DM UNCOMPLICATED)

AND (INSULIN)

AND NOT [(DM2 CHRONIC COMPLICATIONS) OR (DM2 ASYMPTOMATIC

COMPLICATIONS) OR (CVD)]

Algorithm for the disease

AND [(DM CHRONIC COMPLICATIONS) OR (DM ASYMPTOMATIC

COMPLICATIONS) OR (CVD)]

AND NOT (INSULIN)

Algorithm for the disease

AND [(DM CHRONIC COMPLICATIONS) OR (DM ASYMPTOMATIC

COMPLICATIONS) OR (CVD)]

AND (INSULIN)

Hypertension

(HYPERTENSION) OR (BP) Algorithm for the disease

AND NOT

[LEVEL 2 OR LEVEL 3]

Algorithm for the disease

AND [(DM2) OR (HYPERTENSION COMPLICATIONS) OR (HYPERTENSIVE

RETINOPATHY) OR (CHRONIC KIDNEY DISEASE) OR (ATHEROSCLEROTIC

ARTERIOPATHY) OR (CAROTID ATHEROSCLEROSIS) OR (HYPERTENSIVE

ENCEPHALOPATHY) OR (AORTIC ANEURYSM)]

AND NOT [(HF) OR (LVEF)]

Algorithm for the disease

AND [(HF) OR (LVEF) OR (VENTRICULAR DYSFUNCTION)]

Ischaemic heart disease

(CHD) Algorithm for the disease

AND (CHD NO AMI)

AND NOT [(AMI) OR (PAST AMI) OR (CORONARY REVASCULARIZATION

ICD9CM) OR (CORONARY REVASCULARIZATION FREE TEXT) OR (HF) OR

(LVEF) OR (VENTRICULAR DYSFUNCTION)]

Algorithm for the disease

AND [(CORONARY REVASCULARIZATION ICD9CM) OR (CORONARY

REVASCULARIZATION FREE TEXT)]

AND NOT [(AMI) OR (PAST AMI) OR (HF) OR (LVEF) OR (VENTRICULAR

DYSFUNCTION)]

Algorithm for the disease

AND [(AMI) OR (PAST AMI)]

AND NOT [(CORONARY REVASCULARIZATION ICD9CM) OR (CORONARY

REVASCULARIZATION FREE TEXT) OR (HF) OR (LVEF) OR (VENTRICULAR

DYSFUNCTION)]

Algorithm for the disease

AND [(AMI) OR (PAST AMI) OR (CORONARY REVASCULARIZATION ICD9CM)

OR (CORONARY REVASCULARIZATION FREE TEXT)]

AND NOT [(HF) OR (LVEF) OR (VENTRICULAR DYSFUNCTION)]

Algorithm for the disease

AND [(HF) OR (LVEF)]

Heart failure

(HF) OR (LVEF) OR (VENTRICULAR

DYSFUNCTION)

None

The algorithms are described by means of subqueries, represented by keywords in upper case between parentheses, whose details are in
online supplementary table 1. In particular, measurements are as follows: glomerular filtration rate (GFR) <mL/min/1.73 m2; systolic blood
pressure (SBP) >140 mm Hg at least twice ever or diastolic blood pressure (DBP) >90 mm Hg at least twice ever; Left ventricular ejection
fraction (LVEF) <50%; DM TESTS: plasma glucose >200 mg/dL after an oral load of 75 g glucose or fasting plasma glucose ≥126 mg/dL or
glycated haemoglobin ≥6.5%. In all subqueries, records labelled with ‘suspect’ were excluded, except in the case of the subquery (acute
myocardial infarction, AMI) used to detect levels of severity 3 and 4 of ischaemic heart disease (IHD).
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hypertension both possibilities took place: severe
patients were automatically classified as mild and vice
versa. Our results provide guidance on the interpret-
ation of results of studies using those algorithms to
define variables in medical records or HSD, for instance
to monitor quality of healthcare.
The excellent PPV of some algorithms is not unex-

pected: algorithms to detect diabetes (irrespective of
type) and hypertension, as well as other chronic condi-
tions, had similarly high validity in the CPCSSN.20 24

The low PPV that we observed in the case of HF is
unsurprising as well. Indeed, HF is a syndrome, and
several different clinical definitions of HF have been
used among clinicians in the recent past, such as the
Framingham and European Society of Cardiology cri-
teria. It has been shown that the changing definition has
a noticeable impact on the epidemiology of the condi-
tion.30 Our definition comprises two of the four stages
of the classification of the American College of
Cardiology and of the American Heart Association,

which has been itself revised repeatedly in recent
years.29 It is most likely that the GPs in the sample them-
selves adopt a different definition to diagnose HF with
respect to the one proposed by the MATRICE panel.
Further research could investigate whether a clinical def-
inition modelled on the Italian guidelines may be more
easily identified in primary care medical records. Finally,
poor performance of ICD9CM codes in identifying a
specific clinical definition of HF has been consistently
reported in the literature.31

The results we observed for levels of severity are prob-
ably due to reasons which are more specific to HSD. In
the case of T2DM, some misclassification occurred
between level 1 and level 3, that is, patients with or
without complications but without indication for insulin
use. Adding rules that explore free text comments to the
diagnostic codes may improve those algorithms. In the
algorithm developed for this study, patients with IHD
labelled with ‘suspect’ AMI were included in the ‘AMI’
level of severity, because in a previous study specific

Table 3 Results of the validation

Level Description

Automatically

assigned

True

positives

True level of

false

positives PPV (95% CI)

Cohen’s

K

Type 2 diabetes mellitus

(N=300, true positives overall: 300)

1 Diabetes with no evidence of

organ damage nor complications

and no indication for insulin

therapy

129 101 Level 3: 28 0.78 (0.70 to 0.85) 0.70

2 Diabetes with indication for

insulin but no evidence of organ

damage nor complications

17 15 Level 4: 2 0.88 (0.64 to 0.99)

3 Diabetes with evidence of organ

damage or complications and no

indication for insulin

127 104 Level 1: 23 0.82 (0.74 to 0.88)

4 Diabetes with evidence of organ

damage or complications and

with indication for insulin

27 25 Level 3: 2 0.93 (0.76 to 0.99)

Hypertension

(N=300, true positives overall: 300)

1 Hypertension with no organ

damage nor diabetes

138 119 Level 2: 18

Level 3: 1

0.86 (0.79 to 0.91) 0.69

2 Hypertension with organ

damage and/or stroke and/or

diabetes, no HF

155 127 Level 1: 28 0.82 (0.75 to 0.88)

3 Hypertension and HF 7 6 Level 2: 1 0.86 (0.42 to 0.99)

Ischaemic heart disease

(N=300, true positives overall: 298)

1 IHD, no AMI, no HF, no PTCA 56 54 No IHD: 2 0.96 (0.88 to 0.99) 0.71

2 IHD with PTCA, no AMI, no HF 1 0 Level 5: 1 0

3 IHD with AMI, no PTCA, no HF 195 152 Level 1: 43 0.78 (0.71 to 0.84)

4 IHD with PTCA and AMI, no HF 0 0 – –

5 IHD with HF 48 45 Level 3: 3 0.94 (0.83 to 0.99)

Heart failure

(N=243, true positives: 134)

AMI, acute myocardial infarction; IHD, ischaemic heart disease; HF, heart failure; PPV, positive predictive value; PTCA, percutaneous
transluminal coronary angioplasty.
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algorithms to identify AMI had been observed to have
low sensitivity in HSD.25 As a result, our sensitive algo-
rithm did indeed capture all the cases of AMI in patients
with IHD; however, 22% of patients had not had an
AMI, so this strategy needs to be reconsidered for future
research. Remarkably, GPs were not aware of a single
case of PTCA in their patients, as confirmed by auto-
matic querying of their records. The absence of PTCA
could be due to the fact that this procedure is only per-
formed in hospital. In Italy, hospitals do not provide GPs
with discharge letters; rather patients themselves must
describe to the GP what happened during an inpatient
care episode, and the PTCA procedure may be commu-
nicated inadequately to the GP.
Strategies to improve communication between hospital

and primary care should be implemented in Italy for
the purpose of improving quality of primary care
medical records, as well as to improve healthcare for
patients with severe cardiovascular conditions.

Limitations
The sample of GPs was self-selected and may have been
composed of those with more accurate data recording
attitudes. In particular, two GPs in the validation sample
also participated in the panel that created the algo-
rithms. The PPV of the algorithms may be lower in the
general group of GPs contributing to HSD.
Providing a direct estimate of sensitivity of the case-

finding algorithms was not an aim of this study, because it
would have been unfeasible for GPs to assess a large
enough sample of their patients. Indeed, the number of
patients needed to estimate the sensitivity of a test is
bigger with less prevalent conditions: for instance, to esti-
mate sensitivity of a case-finding algorithm for T2DM with
a marginal error of 5%, even assuming 10% prevalence
(an overestimation, according to common estimates in
Italy32) and 95% sensitivity would have required an add-
itional sample of more than 700 participants; to obtain a
valid estimate of sensitivity for HF, which has much lower
prevalence and a lower expected sensitivity, GPs would
have needed to assess thousands of participants.33

CONCLUSIONS
This study shows that participants with T2DM, hyperten-
sion or IHD can be validly identified in HSD by auto-
mated identification algorithms. Automatic queries for
levels of severity of the same diseases compare well with
the corresponding clinical definitions, but some mis-
classification occurs. For HF, further research is needed
to refine the current algorithm.
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