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costs of type 2 diabetes patients with or
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stroke: a longitudinal 5-year claims-data
analysis of over 7 million inhabitants
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Abstract

, Letizia Dondi, Felicita Andreotti, Giulia Ronconi,
, Antonella Pedrini, Imma Esposito and Nello Martini

Aims: To analyze the prevalence, comorbidities, outcomes and costs of type 2 diabetes
mellitus (T2DM] patients with and without coronary artery disease (CAD) or stroke in a

population of over 7 million inhabitants.

Methods: T2DM patients were identified in 2015 (accrual period) from the Ricerca e Salute
(ReS) database linking administrative records to demographics. Based on 2013-2015
information, four cohorts were considered: #1 with CAD and/or stroke; #2 without CAD and/
or stroke; #3 with chronic CAD but no myocardial infarction or stroke; #4 with chronic CAD
undergoing percutaneous coronary interventions (PCI). Hospitalizations, drugs and other
outpatient care were assessed from 2015 to 2017.

Results: The prevalence of T2DM was 6% (441,085/7,365,954). CAD and/or stroke in the
previous 3years affected 7.5% of T2DM patients (33,153); this cohort was generally older,

of male sex, with more comorbidities, prescriptions, and hospital admissions (50.5% versus
13.4% during the first follow-up year) compared to cohort #2. Yearly costs were over three-
fold for cohort #1 versus #2, main drivers being hospitalizations in the former and drugs in the
latter. Two-year cardiovascular events were recorded significantly more commonly in cohort
#4 compared to the other cohorts. Guideline-recommended lipid-lowering therapy was <80%

in all but cohort #4.

Conclusions: The present analysis points to three areas of potential improvement in T2DM
management: (a) guideline-recommended treatment patterns of T2DM patients; (b) three-fold
recurrences and costs in T2DM patients with, compared to those without, prior cardiovascular
events; (c) high event rates associated with chronic CAD and PClI, warranting specific studies

aimed at improved prevention.
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Introduction

In the past decade, there have been improve-
ments in the control of traditional risk factors
such as hypertension and hypercholesterolemia.!
In contrast, the diagnosis of type 2 diabetes mel-
litus (T2DM) has increased globally and this
increase is expected to continue.!>? Patients with

T2DM are prone to vascular complications, both
microvascular (such as retinopathy, neuropathy,
kidney disease) and macrovascular (such as
atherothrombotic events); the most important
causes of morbidity and mortality are acute coro-
nary syndromes (ACSs) and/or cerebrovascular
diseases, specifically ischemic stroke.?* Patients
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with T2DM who have already suffered a coronary
and/or cerebrovascular event are considered at
very high risk of recurrences and premature death,
as well as those with chronic coronary syndrome
(CCS) without prior acute atherothrombotic
events.? Significant advances have been made in
managing the acute and subacute phases of
atherothrombotic diseases in T2DM patients. In
contrast, chronic T2DM patients at high risk of
adverse events, who might benefit from long-term
intensification of preventive therapy, remain a
challenge.

Diabetes patients included in controlled trials are
generally selected on the basis of protocol eligibil-
ity and, therefore, do not fully represent the entire
population encountered in clinical practice. To
describe accurately the demographics and clinical
characteristics of diabetes patients, several well
designed registries have recently been created;”°
however, even these patients are selected to a cer-
tain extent, being mostly admitted to tertiary spe-
cialty wards with high standards of care. Analyses
of real world data may be particularly useful in
providing a realistic description of the clinical
course and healthcare burden of diabetes patients.

The longitudinal Ricerca e Salute (ReS) data-
basel!®!! covers more than 7 million inhabitants
and links different sources of information (such as
demographics) with National Health Service
(NHS) administrative data, including drug pre-
scriptions and outpatient diagnostic/therapeutic
procedures or hospital records. From this data-
base it is possible to assess the prevalence of dia-
betes in a contemporary general population and
compare, among diabetes patients with or with-
out a prior coronary or cerebrovascular event, the
following elements: (a) baseline demographics
and clinical characteristics; (b) prescriptions of
preventive therapy, as well as rates and types of
hospital admissions during follow-up; and (c)
annual costs for the NHS.

Methods

Administrative data flows (the same sent to the
Italian Health Ministry) were transferred from
several local Italian health authorities to the non-
profit ReS Foundation, physically located within
the CINECA Institution. CINECA is a large con-
sortium of Italian universities, established in
1969, equipped with supercomputing tools that
allow ReS to ensure both quality and security of

data management at international standards.
Five-year longitudinal analyses were retrospec-
tively carried out on the ReS population-based
database, linking demographics, drug prescrip-
tions, hospital records, and outpatient specialist
exams and procedures.

The study was conducted in conformity with
the European law regarding privacy protection
[Regulation (EU) 2016/679 of the European
Parliament and of the Council of 27 April 2016
on the protection of natural persons with regard
to the processing of personal data and on the
free movement of such data, and repealing
Directive 95/46/EC (General Data Protection
Regulation) https://eur-lex.europa.eu/legal-con-
tent/IT/TXT/?uri=celex%3A32016R0679].
Demographics were made anonymous at the
source, with administrative data and results pro-
vided in aggregated form; therefore, according
to the above regulation, informed consent and
ethics approval were not sought. The study was
conducted for institutional purposes by specific
agreement with regions and local health units of
the Italian NHS.

Selection of study population and cohort
definitions

Subjects with T2DM were selected in 2015
(accrual period) based on one or more of the fol-
lowing criteria: hospital diagnosis, ‘disease
exemption’ code, reimbursed anti-diabetic drug
(Supplemental Table 1). In Italy, patients with
severe chronic diseases (including T2DM) are
relieved from paying a fee for drugs and for out-
of-hospital diagnostic/therapeutic procedures (so
called ‘disease exemption’). Administrative data-
bases have a disease-related code to identify such
patients. Disease exemption codes were gathered
from prescriptions or from demographics. The
most recent date linked to a patient’s identifica-
tion criterion was taken as the index date.

Information drawn from the preceding 2 to 3 years
(2013-2015) was used to group T2DM subjects
into four partially overlapping cohorts:

e cohort #1 with T2DM and evidence of
coronary artery disease (CAD, including
myocardial infarction (MI) or coronary
revascularization procedures) or stroke;

e cohort #2 with T2DM but not CAD or
stroke;
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e cohort #3 with T2DM and CAD, but no
acute atherothrombotic events (chronic
CAD subgroup of cohort #1, after exclud-
ing patients with MI or stroke);

e cohort #4 with T2DM and chronic CAD,
with no prior MI or stroke, treated with at
least one percutaneous coronary intervention
(PCI) procedure (subgroup of cohort #3).

Detailed criteria to identify the above cohorts are
listed in Supplemental Table 2.

Demographic and clinical characteristics

The four T2DM cohorts were further character-
ized during the accrual period by prevalence, sex,
age and additional clinical characteristics, namely:
hypertension, dyslipidemia, chronic lung dis-
eases, depression, neoplasia, heart failure, chronic
kidney disease (CKD), atrial fibrillation, and
severe liver disease. The specific criteria to iden-
tify the above comorbidities are listed in
Supplemental Table 3.

Pharmaceutical data were drawn from free-filled
drug prescriptions collected by local and hospital
pharmacies; international anatomical therapeutic
chemical (ATC) and Italian marketing authoriza-
tion (AIC) codes were used to classify drugs.
Dose, number of packages, dispensing date and
cost of medicinal products and generics were also
registered. In-hospital diagnoses and invasive pro-
cedures were recorded according to the 9th ver-
sion of the International Classification of Disease
— clinical modification (ICD-9-CM) codes from
hospital discharge forms, including day hospital
records. Outpatient healthcare data consisted of
specialist invasive/non-invasive therapeutic and
diagnostic procedures performed within ambula-
tory care facilities of the Italian NHS, and col-
lected using national classifications.

Healthcare resource use

Each T2DM subject was followed over 2years
after the index date for drug prescriptions, outpa-
tient specialist services and hospitalizations. The
most commonly prescribed drugs reimbursed by
the NHS are reported by therapeutic subgroup
(ATC code level IT). Antithrombotic agents were
identified by active substance (ATC code level
V). Drug therapy is expressed as the percentage
of treated patients, and drug doses as average
defined daily dose (DDD) per patient. Outpatient

specialist care, according to the Italian national
classification, is expressed as the percentage of
users. Finally, the most frequent primary diagno-
ses leading to at least one overnight hospitaliza-
tion were identified by ICD-9-CM code,
expressed as the percentage of affected patients
and average length of stay.

Time-to-hospitalization analysis

For each of the four T2DM cohorts, the esti-
mated percentage who underwent hospitaliza-
tions for stroke/transient ischemic attack (TIA),
ACS, peripheral artery disease (PAD) or at least
one of these events during the 2-year follow-up
was estimated. The criteria to identify these dis-
eases are listed in Supplemental Table 4.
Censoring criteria were in-hospital death or loss
to follow-up owing to transfer to healthcare ser-
vices not included in the ReS database.

Statistical analyses

When administrative data are analyzed, the num-
ber of patients/events is so large that even mini-
mal differences will result in a conventional level
of statistical significance (two-sided p<<0.05),
often without a corresponding convincing level of
clinical significance. For this reason, we have gen-
erally avoided the use of detailed p values and
have described nominal differences. For those
unfamiliar with this approach, conventional p val-
ues have been specified in the tables and figures.
Continuous values are expressed as mean = stand-
ard deviation (SD). Proportions are expressed as
ratios or percentages. The Kaplan—Meier estima-
tor was used to produce cumulative incidence
curves for the four T2DM cohorts (monthly per-
centage of patients in subjects at risk). The curves
were compared by log rank test to assess whether
differences could be considered statistically sig-
nificant (p<0.01) or not. Because this analysis is
purely observational, and the catchment area is
very broad, a formal sample size was not calcu-
lated. All statistical analyses were performed by
Oracle SQL Developer version 17.

Results

From a general population of 7,365,954 subjects,
the present analysis revealed 441,085 affected by
T2DM in 2015 (6.0% of the overall population)
(Figure 1). Of these, 33,153 T2DM subjects
(7.5%) were diagnosed with CAD and/or stroke
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Populationin 20

Patients with T2DMin 2015:
441,085
(Prevalence: 6.0% of 2015)

Diabetic patients with CAD and/or stroke
(cohort#1):33,153
(7.5% of diabetic patients)
(Prevalence: 4.5 patients per 1,000 inhabitants)

Diabetic patients with CAD:
29,660
(6.8% of diabetic patients)
(Prevalence: 4.0 patients per 1,000 inhabitants)

Diabetic patients with CAD without Ml
and stroke (cohort#3): 19,787
(66.7% of diabetic patients with CAD)
(Prevalence: 2.7 patients per 1,000 inhabitants)

Diabetic patients with CAD without Ml and
stroke, but with PCls (cohort#4):
2,166
(7.3% of diabetic patients with CAD)
(Prevalence: 0.3 patients per 1,000 inhabitants)

Diabetic patients without CAD and/or stroke

(cohort#2): 407,932
(92.5% of diabetic patients)
(Prevalence: 55.4 patients per 1,000 inhabitants)

Figure 1. Flow chart describing the identification of type 2 diabetes mellitus (T2DM) patients in 2015 and the
selection of the four cohorts based on 2013-2015 information.
CAD, coronary artery disease; M|, myocardial infarction; PCl, percutaneous coronary intervention.

in the preceding 3 years (cohort #1). The remain-
ing 407,932 T2DM subjects (92.5%) repre-
sented cohort #2. Among cohort #1 T2DM
patients, those with CAD were 29,660 (6.8% of
all T2DM patients and 89.5% of those with
CAD or stroke), and those without MI or stroke
were 19,787 (4.5% of all T2DM patients, 59.7%
of those with CAD or stroke, and 66.7% of those
with CAD), representing CCS T2DM patients
without acute events in the preceding 3years —
cohort #3. Out of cohort #3, 2166 underwent
PCI at least once in the period 2013-2015, rep-
resenting 7.3% of those T2DM patients who had
CAD but no MI or stroke diagnosis in the previ-
ous 3years (cohort #4).

Demographics and clinical characteristics

Female sex accounted for 51.3% of T2DM sub-
jects without CAD or stroke diagnosis in the pre-
vious 3years (cohort #2) but only approximately

one-third of the three other cohorts. T2DM
patients with CAD or stroke diagnosis in the pre-
vious 3years were significantly older than those
without these events (73 = 10 versus 67 + 14 years)
and more often had hypertension and dyslipi-
demia (93.8% and 76.2%, respectively, versus
69.8% and 46.3%) (Table 1). Lung, kidney and
other cardiovascular comorbidities, specifically
heart failure and atrial fibrillation, were also more
frequent in the T2DM cohorts with a prior car-
diovascular diagnosis compared to cohort #2
(Table 1). Similar profiles were present in CCS
patients without prior atherothrombotic events
(cohort #3) and in CCS patients without athero-
thrombotic events treated with PCI (cohort #4).

Drug prescriptions during follow-up

Table 2 reports drug prescriptions during the
2-year follow-up. Panel A reports drugs recom-
mended for the prevention of atherothrombotic
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Table 1. Demographic and clinical characteristics of the four T2DM cohorts identified during the accrual

period (2015).

Variable T2DM patients

T2DM patients

T2DM patients T2DM patients

with CAD and/ without CAD or with CAD, but with CAD and
or stroke stroke (cohort no Ml or stroke PCI, but no Ml or
(cohort #1) #2) n=407,932 (cohort #3) stroke (cohort #4)
n=33,153 n=19,787 n=2166
Age, years (mean = SD) 73+10 67+ 14 73+10 70+9
Women (%) 35.1 513 33.8 26.3
Clinical characteristics (% patients in the cohort)
Arterial hypertension 93.8 69.8 94.2 96.0
Dyslipidemia 76.2 46.3 76.1 89.1
Chronic lung diseases 221 10.4 23.1 16.3
Depression 14.4 11.2 13.4 10.3
Heart failure 3.3 1.4 12.5 10.9
Chronic kidney diseases  11.5 2.2 11.0 8.4
Neoplasia 9.2 5.9 9.8 7.7
Atrial fibrillation 9.2 1.2 7.9 5.2
Severe liver diseases 2.7 1.6 2.9 2.1

p Values for group comparisons <0.001 for all variables.

CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation;

T2DM, type 2 diabetes mellitus.

events. In the T2DM patients with cardiovascular
disease (cohorts #1, #3 and #4), the percentages
of prescriptions of antithrombotic (mainly anti-
platelet), lipid lowering (mainly statins), renin
angiotensin system inhibitor (RASi) and beta-
blocker therapy was 91-97%, 79-92%, 76-84%
and 67-79%, respectively, during the first year of
follow-up (Table 2). The patient cohort with
chronic CAD and at least one PCI-related hospi-
talization in the previous 3years (cohort #4) was
the most extensively treated with all four types of
agents (96.8%, 91.5%, 84.3% and 79.3%, respec-
tively). In the above three cohorts, the percentage
of prescriptions decreased in the second year of
follow-up for all agents. Conversely, patients with
T2DM but without known cardiovascular disease
(cohort #2) had the lowest prescription rates:
50.2%, 50.4%, 62.2% and 28.5%, respectively,
for the four types of agents, with similar prescrip-
tion rates in the first and second year of follow-
up. Panel B reports anti-diabetic drugs. In 2015
the most prescribed drugs were insulin or

analogues, biguanides, and sulfonylureas. The
rate of sodium-glucose cotransporter-2 (SGLT?2)
inhibitor use was very limited given the lack of
NHS reimbursement at the time. Panel C reports
the most frequent prescriptions of other drug
classes. Proton pump inhibitors (PPIs) were the
most prescribed non-cardiovascular drugs and
diuretics the most prescribed cardiovascular
drugs, with lowest prescription rates among
T2DM patients without known cardiovascular
disease (cohort #2) compared to the other patient
cohorts.

Hospitalizations during the 2-year follow-up

Hospitalization rates were similar among the
three T2DM patient cohorts with CAD. They
were elevated during the first year of follow-up,
with 50.5% of patients of cohort #1, 45.8% of
cohort #3 and 55.0% of cohort #4 being hospital-
ized at least once; hospitalization rates dropped to
about 30% in the second year. In contrast, among
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Table 3. Five most important reasons for hospitalization during follow-up.

Cause of Cohort #1 Cohort #2 Cohort #3 Cohort #4
hospitalization (n=33,153) (n=407,932) (n=19,787) (n=2166)
First Second First Second First Second First Second
year% year% year% year% year% year% year% year %
ACS 7.0 1.7 - 0.4 2.8 1.3 12.6 3.8
Heart failure 6.4 4.0 0.6 0.7 6.4 3.9 5.2 3
CCs 7.7 2.6 - - 8.9 2.6 271 7.2
Cerebrovascular 4.1 - - - - - - -
diseases
Arrhythmias - 1.2 0.4 - 1.7 1.2 1.8 -
Lung diseases 35 2.8 0.7 0.9 4.0 3.0 1.7 1.9
Diabetes mellitus - - 0.7 0.5 - - - 1.4
Femoral neck = = 0.4 0.4 = = = =

fractures

ACS, acute coronary syndrome; CCS, chronic coronary syndrome.

T2DM patients without CAD or stroke diagnosis
(cohort #2), hospitalization rates were approxi-
mately one-third of those in other cohorts, with
13.4% admitted to hospital at least once in the
first year and 13.8% in the second year.

The five most important reasons for hospitaliza-
tion in all cohorts are reported in Table 3. During
the first follow-up year, admissions were mostly
related to ACS and heart failure in cohort #1,
non-ACS CAD and heart failure in cohort #3,
and any CAD (both ACS and CCS) in cohort #4.
In cohort #2, instead, lung diseases and diabetes
were the most frequent causes of admissions. The
mean length of hospital stay in each cohort ranged
from 8 to 14 days.

The cumulative incidence curves of hospitaliza-
tions for stroke/TIA or ACS or PAD, or any of
these three reasons, respectively, are reported
in Figure 2. Comparison of the time trends
yielded significant differences among all cohorts
(»p<0.01), except between cohorts #3 and #4
concerning stroke/TTA. Patients with T2DM but
without CAD or stroke diagnosis (cohort #2) had
the lowest admission rates for any one of these
reasons. The cohort with CAD and/or stroke (#1)
had the highest admission rates for stroke/TTA.
The cohort with chronic CAD, no prior acute

event, and at least one PCI in the previous 3 years
(#4) had the highest rates of hospital admissions
for any of the analyzed events considered as a
whole.

Cost per patient per year

Table 4 reports the integrated yearly NHS costs
per patient in the different cohorts. Cohort #2
patients generated the lowest costs, with drugs
being the most important determinant. Yearly
patient costs were approximately three-fold higher
in the other three cohorts, with hospitalizations
representing the most important driver.

Discussion

The main findings of the present ReS database
analysis can be summarized as follows. The prev-
alence of T2DM in a large 2015 sample of over 7
million Italian people was 6%. Approximately
one in 13 of these diabetes patients (7.5%) had
documented CAD and/or stroke in the previous
3years. T2DM patients with CAD and/or stroke
were generally older, more often male, with more
comorbidities and more guideline-recommended
prescriptions!? compared to T2DM patients
without documented CAD or stroke. Guideline-
recommended treatment was not always optimal,
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Figure 2. Kaplan-Meier curves showing the probability (cumulative monthly incidence as percentage of subjects at risk] of

hospitalizations due to stroke/transient ischemic attack (TIA) or acute coronary syndrome (ACS) or peripheral artery disease (PAD)
or at least one of these events during the 2-year follow-up for each of the four cohorts.

Table 4. Integrated costs per patient in the first year of follow-up.

Administrative flow

Cohort #1 Cohort #2 Cohort #3 Cohort #4
Average cost % of Average cost % of Average cost % of Average cost % of
per patient total per patient total per patient total per patient total
(n=33,153) (€)  cost (n=407,932) (€) cost (n=19,787) (€)  cost (n=2166) (€) cost
Total drugs 1624 24.6 1037 48.8 1677 28.7 1790 23.6
Antidiabetic drugs 289 b 233 11.0 301 5.2 321 4.2
Cardiovascular 635 9.6 272 12.8 622 10.7 789 10.4
Non-cardiovascular 700 10.6 531 25.0 754 12.9 680 9.0
Hospitalizations 3991 60.6 660 31.1 3230 S54.4 4925 65.0
Specialty visits 978 14.8 427 20.1 924 15.9 865 11.4
Total 6,593 100.0 2,122 100.0 5,831 100.0 7,579 100.0

p<0.001 for all total cost comparisons.

as the prescription rate of several drug classes was
below the 80% cut-off, typically used to define
adherence, even among those with documented

CAD or stroke. T2DM patients with CAD or
prior stroke underwent at least one hospital
admission during the first year of follow-up in
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over 50% of cases, versus only 13.4% of those
without documented cardio-cerebrovascular dis-
ease, with more than three-fold higher yearly
costs per patient. The main drivers of costs were
hospitalizations for the T2DM cohorts with car-
diovascular events versus drug-related costs for
T2DM subjects without these events. The high-
est rates of new hospitalized cardiovascular events
during the 2-year follow-up were associated with
chronic CAD patients who had no history of
acute events but underwent PCI in the previous
3years.

Prevalence and patient characteristics

The prevalence of T2DM in our analysis (6%) is
in line with that reported by the International
Diabetes Federation (IDF) for Europe (6.3%).!
The IDF also estimates that the prevalence of
T2DM in Europe will increase in the next two
decades by nearly 20%.! Although all T2DM
complications are relevant in terms of quality of
life and outcomes, cardiovascular diseases and,
more specifically, coronary and cerebrovascular
events are the most significant causes of morbid-
ity and mortality in T2DM patients.!3-15 In the
ReS database, 7.5% of the overall T2DM popula-
tion had documented CAD and/or stroke during
the previous 3years (from 2013 to 2015). This
percentage is lower than the 15% described by
the IDF for cardiovascular diseases in Europe.!
The difference can be explained by the fact that
our evaluation was limited to a relatively brief
period of time of 3years. In addition, carotid
artery disease unrelated to stroke and other
peripheral artery diseases were not considered in
our characterization of the four T2DM cohorts.
The contributing role for atherothrombotic events
of hypertension and dyslipidemia, more fre-
quently recorded in the T2DM cohorts with doc-
umented CAD or stroke, is well described in the
current international literature.16-20

As a consequence of CAD, and as a possible
cause of stroke, T2DM patients with CAD or
stroke in their recent history presented more
often with heart failure and atrial fibrillation
compared to those without CAD or stroke in
their recent clinical history, confirming the well-
known association of CAD and stroke with heart
failure and atrial fibrillation. Both cardiac condi-
tions can further worsen the quality of life of
T2DM patients, while also increasing their mor-
bidity and mortality.21-2¢ In the T2DM cohorts

with prior CAD or stroke, the use of recom-
mended drugs for secondary prevention seemed
reasonably adherent to guidelines, but still sub-
optimal (i.e. <80%): excepting the cohort with
recent PCI in whom prescription rates were
higher; there appears to be room for improve-
ment in lipid lowering, RASi and maintenance of
prescription levels over time. More intensive
guideline implementation programmes are prob-
ably also necessary for T2DM patients without
prior cardiovascular events whose prescriptions
of recommended therapies, such as lipid lower-
ing, seemed far from optimal, reaching only
approximately 50% of this population.

Clinical outcomes

The need for hospital admission during follow-up
was nearly four times more frequent in T2DM
patients with CAD and/or prior stroke (cohort #1)
than in those without these events. This finding
confirms the observation by others!»3:25:26 showing,
in different settings, the relevant health burden of
T2DM when complicated by a cardiovascular
event. The higher rate of events occurring in the
first year of follow-up can be explained by the hos-
pitalization criterion used to assign patients to the
different cohorts. After a hospitalized event, the
likelihood of an early recurrent hospitalization has
been demonstrated to be more frequent.?’” As
expected, the rate of hospital admissions for stroke
was more frequent in the cohort of T2DM patients
with a previous cerebrovascular event. However,
the most frequent causes of hospitalization were
cardiac ones, specifically acute or chronic coro-
nary diseases, and the highest risk of new hospital-
ized events was in those with chronic CAD and
PCI in the previous 3years (cohort #4). There is
limited contemporary population-based data on
this group of T2DM patients.28

A single recent large trial enrolled T2DM patients
with chronic CAD but no previous MI or stroke;
the presence of chronic CAD was determined by
previous PCI or coronary artery bypass or by a
documented stenosis of at least 50% in at least
one epicardial artery,2930 resulting in a population
quite similar to our cohort #4. Over a median of
3.3years, long-term treatment with ticagrelor in
association with aspirin reduced the relative occur-
rence of atherothrombotic events by 10% with
respect to aspirin alone (from 8.5% to 7.7%), but
at the cost of an increased rate of major bleeds
(from 1.0% to 2.2%).2° In a prespecified subgroup
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who had undergone PCI, but not in those who
had not undergone PCI, the net clinical benefit
was improved by long-term ticagrelor.3° In T2DM
patients with chronic coronary or peripheral artery
disease (62% with previous MI), a prespecified
subgroup analysis of another large trial showed a
relevant absolute reduction of cardiovascular
death, non-fatal MI or stroke (from 6.9% to0 5.2%)
by adding a low dose of a direct oral anticoagulant
to aspirin over 3 years, with a non-significantly dif-
ferent rate of major bleeding as in the non-diabetic
treated population (3.2% versus 3.1% over 3 years
in diabetes wersus non-diabetes patients), com-
pared to aspirin alone.3! Similar subgroup results
by diabetes status have been reported for a large
trial testing ticagrelor 60 mg twice daily plus aspi-
rin versus aspirin alone.32 The results of the above
trials, indicating anti-ischemic effects of more
aggressive antithrombotic therapy counterbal-
anced by enhanced risk of major bleeds, stress the
importance of preferentially treating patients at
very high risk of cardiovascular events. Cardiac
rehabilitation has been shown to be another effec-
tive option to prevent recurrent atherothrombotic
events in patients with T2DM and prior cardio-
vascular events.?3 Our data indicate that, for all
T2DM patients, persistent use of guideline-rec-
ommended drugs at the appropriate doses war-
rants attention.

Strengths and limitations

Some advantages of using administrative data
include the breadth of coverage of the population,
as well as the ability to evaluate long-term follow-
up of prescriptions, outpatient visits and hospi-
talizations. Administrative records additionally
provide important information on routine man-
agement of ‘real-life’ patients. Although proce-
dures and/or prescriptions performed outside the
NHS coverage were not available, the rate of out-
of-pocket services in patients with chronic dis-
eases in Italy is limited.3* The data were analyzed
in a large but limited sample of individuals; the
analyzed sample, however, accurately reflected
the whole of Italy in terms of demographic char-
acteristics (Supplemental Figure 1).

As in all administrative datasets, the limited type
and number of clinical variables precluded a
detailed stratification of disease severity; specifi-
cally, blood hemoglobin Alc (HbAlc) levels,
duration of T2DM, reasons for non-use or dis-
continuation of recommended drugs were not

available. This information would have been
useful to define more precisely the true rate of
undertreatment. Subjects in the early stages of
T2DM, requiring no pharmacotherapy or hospi-
talization but only diet and lifestyle changes, as
well as non-diabetes individuals with similar car-
diovascular comorbid characteristics, were not
included. These limitations preclude the possi-
bility to assess the generalizability of our conclu-
sions to the whole population of patients with
diabetes mellitus, including non-pharmacologi-
cally treated patients. The focus of our analysis,
however, was on the population of diabetes
patients producing the highest clinical/economic
burden to the NHS. Because out-of-hospital
mortality could not be evaluated from the pre-
sent data flows, the competitive risk of death for
hospitalizations could not be assessed. Finally,
patients were characterized by cardiovascular
events during the previous 3 years; therefore, the
number of patients with an event occurring more
than 3years before inclusion is unknown.

Conclusions

The present study, based on Italian NHS records
from a large representative population, provides a
contemporary snapshot of patients with T2DM in
real-life clinical practice. The risk profile of T2DM
patients in general, and particularly of those with
cardiovascular comorbidities, has relevant clinical
implications. T2DM patients with a prior cardio-
vascular event warrant close follow-up and care,
given the elevated risk of new events and escalat-
ing costs for the NHS. On the other hand, up to
50% of T2DM patients without a prior cardiovas-
cular event may be suboptimally treated with
drugs recommended by current guidelines; such
patients would likely benefit from referral to pre-
vention programmes to improve their adherence
to guideline-recommended therapies. Finally,
patients with chronic CAD who have undergone a
coronary revascularization procedure in the previ-
ous 3years have an unexpectedly high risk of new
events, warranting specific studies aimed at defin-
ing more effective preventive strategies. Improved
management of all T2DM patients described in
our analysis could have relevant cost-saving impli-
cations for the NHS.
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