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Abstract

Background: The European Society of Cardiology (ESC) recently defined cardiovascular risk classes for subjects with
diabetes. Aim of this study was to explore the distribution of subjects with type 2 diabetes (T2D) by cardiovascular
risk groups according to the ESC classification and to describe the quality indicators of care, with particular regard to
cardiovascular risk factors.

Methods: The study is based on data extracted from electronic medical records of patients treated at the 258 Italian
diabetes centers participating in the AMD Annals initiative. Patients with T2D were stratified by cardiovascular risk.
General descriptive indicators, measures of intermediate outcomes, intensity/appropriateness of pharmacological
treatment for diabetes and cardiovascular risk factors, presence of other complications and overall quality of care were
evaluated.

Results: Overall, 473,740 subjects with type 2 diabetes (78.5% at very high cardiovascular risk, 20.9% at high risk and
0.6% at moderate risk) were evaluated. Among people with T2D at very high risk: 26.4% had retinopathy, 39.5% had
albuminuria, 18.7% had a previous major cardiovascular event, 39.0% had organ damage, 89.1% had three or more
risk factors. The use of DPP4-i markedly increased as cardiovascular risk increased. The prescription of secretagogues
also increased and that of GLP1-RAs tended to increase. The use of SGLT2-i was still limited, and only slightly higher
in subjects with very high cardiovascular risk. The overall quality of care, as summarized by the Q score, tended to be
lower as the level of cardiovascular risk increased.

Conclusions: A large proportion of subjects with T2D is at high or very high risk. Glucose-lowering drug therapies
seem not to be adequately used with respect to their potential advantages in terms of cardiovascular risk reduction.
Several actions are necessary to improve the quality of care.
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Background

Type 2 diabetes (T2D) is associated with increased car-
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increase in mortality [1]. Diabetes is also an important
risk factor for heart failure, peripheral artery disease,
and microvascular complications, negatively impact-
ing quality of life and life expectancy. It is estimated that
patients with diabetes have a reduction in life expectancy
of about 4-8 years, compared to individuals without dia-
betes [2, 3]. Although great advances in prevention and
therapy have resulted in significant reductions in diabe-
tes-related cardiovascular mortality, cardiovascular risk
still remains high in most patients with diabetes. Consid-
ering the growing number of survivors of cardiovascular
events and the global diabetes epidemic, the number of
T2D patients at higher cardiovascular risk is expected
to increase, this posing a major challenge to healthcare
systems. Therefore, the implementation of cost-effective
strategies for cardiovascular risk reduction in this popu-
lation is urgent [4]. Recent evidence indicates that the
cardiovascular risk in T2D is highly heterogeneous, being
it not universally similar to the risk of patients with previ-
ous cardiovascular disease [5-8].

The stratification of people with diabetes into different
groups at different cardiovascular risk allows the recogni-
tion of those who could benefit most from more intensive
cardiovascular prevention. Therefore, it may be useful to
develop rational strategies to more intensively detect and
treat patients at higher risk, while it may be reasonable
and economically sound to use less intensive therapeutic
approaches in those at lower cardiovascular risk.

Recently, the guidelines of the European Society of
Cardiology (ESC) in collaboration with the European
Society for the Study of Diabetes (EASD) [9] proposed
a stratification of cardiovascular risk among people with
diabetes based on the presence of established atheroscle-
rotic disease, organ damage (proteinuria, eGFR <30 ml/
min/1.73m?, left ventricular hypertrophy, retinopathy),
or multiple risk factors (age, smoking, obesity, hyperten-
sion, dyslipidemia). This stratification subdivides people
with diabetes into three groups: very high risk (10-year
event risk>10%), high risk (between 5 and 10%), and
moderate risk (<5%). The proposed stratification has
important implications both on the therapeutic targets to
be reached and the choice of treatment.

In light of this new classification, aim of this study was
to explore the distribution and clinical characteristics of
subjects with T2D cared for by Italian diabetes centers
according to cardiovascular risk groups and to describe
quality of care indicators, with particular reference to
cardiovascular risk factors.

Methods

This was an observational, retrospective study includ-
ing a large sample of patients cared for by 258 Italian
diabetes clinics participating in the Annals initiative of
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the Italian Association of Clinical Diabetologists [Asso-
ciazione Medici Diabetologi (AMD)] during 2018. AMD
Annals is a monitoring and continuous quality of care
improvement national initiative. This initiative is based
on clinical data stored in electronic medical records of a
large network of diabetes clinics, which are periodically
extracted and used to assess specific quality indicators of
diabetes care. All participating diabetes centers obtained
the authorization of local Ethics Committees. A software
was developed to enable the extraction of the informa-
tion needed from electronic medical record systems
used for the everyday management of outpatients [10].
Patients with type 2 diabetes were stratified on the base
of their cardiovascular risk, according to the recent Euro-
pean Society of Cardiology (ESC) guidelines [9]. General
descriptive indicators, intermediate outcome measures
regarding intensity and appropriateness of diabetes phar-
macological therapy, cardiovascular risk factors, chronic
complications, and overall health care quality were evalu-
ated. The denominator of each indicator was represented
by patients with at least one detection of the parameters
during the index year. When more than one measure-
ment for the same patient in the index year was available,
the more recent value was considered.

Overall quality of health care was evaluated by the
Q-Score [11-13], calculated from process and interme-
diate outcome measures of HbAlc, blood pressure, LDL
cholesterol and microalbuminuria (detection in the last
12 months, achievement of specific targets and adequate
therapy prescription). For each patient a score between 0
and 40 was calculated as increasing index of good quality
of care. The Q-Score showed to predict the incidence of
major cardiovascular events in previous studies. In par-
ticular, the three-year risk of developing a cardiovascular
event was 80% higher in subjects with a score<15 and
more than 20% higher in subjects with a score between
20 and 25, as compared to subjects with a score>25 [11,
12]. Furthermore, the Q-Score predicted the variability of
key risk factors for complications in Type 2 Diabetes [13].

Socio-demographic and clinical characteristics as well
as health care quality indicators were expressed as mean
and standard deviation or percentage and compared
between the different risk classes with ANOVA or chi-
square, for continuous or categorical variables, respec-
tively. The results were calculated on non-missing values,
without any imputation technique. A p value<0.05 was
considered as statistically significant. All analyses were
conducted with SAS software (version 9.4).

Results

Overall, 473.740 patients with type 2 diabetes were evalu-
ated. When subjects were stratified according to their
cardiovascular risk, 78.5% of them were at very high risk,
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20.9% at high risk and 0.6% at moderate risk. Patients
characteristics by the different risk classes are reported
in Table 1. The class of moderate risk was small. It
included subjects with a low mean age and a short diabe-
tes duration; a quarter of subjects were newly-diagnosed;
BMI levels were significantly lower than the other risk
classes. No gender difference between the cardiovascu-
lar risk classes was detected. Among high-risk subjects,
44.7% had at least a ten years diabetes duration. Among
subjects at very high risk, 18.7% had a history of major
cardiovascular event, 26.4% had retinopathy, 39.5% albu-
minuria and 8.8% eGFR <30 ml/min/m? and 89.1% had
three or more cardiovascular risk factors. With regard
to anti-hyperglycemic drugs, the use of DPP4-inhibi-
tors increased with increasing cardiovascular risk; for
secretagogues the same trend was documented. A lin-
ear increase, even though within low percentages, was
observed also for GLP1-RAs. The use of SGLT2 inhibi-
tors was also limited and only slightly higher in very high
risk subjects. As expected, the highest percentage of sub-
jects treated with insulin was detected in the very high
risk group.

Health care quality indicators are reported in Table 2.
In the very high risk class, the percentage of patients with
HbAlc>8.0% was lower and the percentage of patients
with LDL <100 mg/dl was higher than the other classes.
Conversely, in this class the percentage of patients with
high blood pressure values and the percentage of obese
patients were higher compared with the other classes.

Indicators of therapeutic intensity reiterated greater
attention to subjects at higher risk, except for the very
high percentage of patients with inadequate blood pres-
sure values despite antihypertensive therapy.

Q-score data documented lower mean scores in the
highest cardiovascular risk classes. The percentage of
subjects with a Q-score < 15 was very low in all groups.

Discussion
Diabetes has long been considered an equivalent of car-
diovascular risk. This claim was based on the results of
a Finnish study [14], in which patients with T2D without
coronary artery disease (CHD) had a coronary artery
mortality rate similar to that of subjects without diabe-
tes who had had a previous coronary event. Diabetes also
increases coronary death rates due to the worse progno-
sis after having the first event of coronary heart disease.
These arguments have led in the past to recommend that
diabetic patients should be treated as a separate high-risk
category, without the need for stratification [15].
However, recent evidence indicates that the risk of CHD
in T2D is not universally similar to the risk of patients
with previous cardiovascular disease, but is highly heter-
ogeneous. A meta-analysis of 13 epidemiological studies,
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including 45.108 patients with and without diabetes,
found that in T2D patients without prior CHD the risk
of CHD was 43% lower than individuals without diabetes
with a prior myocardial infarction [5]. In a large popula-
tion cohort [6] that included 1.586.061 adults aged 30 to
90 years followed for 10 years, the risk of coronary artery
disease was much lower among subjects with T2D with-
out CHD than in patients with CHD without diabetes,
compared to patients without neither CHD, nor T2D
[HR: 1.70 (95% CI 1.66-1.74) vs. 2.80 (95% CI 2.70-2.85),
respectively]. In another meta-analysis of observational
studies in patients with DM2 [7], cardiovascular risk was
assessed by the coronary calcium score at baseline. The
Authors found a prevalence of 28.5% of patients with a
calcium score of zero, indicating a 5-year survival rate
similar to that of patients without diabetes [8]. Therefore,
a subgroup with lower CHD risk is likely to exist, par-
ticularly including patients younger than 40 years with a
short disease duration.

In line with these findings, we found that a large pro-
portion of patients show a 10-year risk of major car-
diovascular events over 10%, due to the presence of a
previous cardiovascular event, organ damage, or multiple
cardiovascular risk factors. However, a small percentage
of the study population could be considered ad interme-
diate risk (i.e. below 5%), thus confirming the existence
of a continuum in cardiovascular risk among people with
T2D. Furthermore, our study population was represented
by patients attending diabetes clinics; as such, the pro-
portion of individuals with moderate risk was presum-
ably underestimated. Also, in our study population the
prevalence of established cardiovascular disease was
18.7%, lower than the 30% European prevalence among
patients with T2D reported by Einarson et al. [16]. How-
ever, in the same paper, the prevalence of CVD disease in
Italy was reported to be 14.8%.

Once it is clear that the cardiovascular risk profile
is heterogeneous, it is necessary to focus on the most
advantageous and appropriate therapeutic strategy for
each risk class. Our data showed that, after metformin
and insulin, the use of DPP4-i drugs is prevalent. This
pharmacological class has shown neutral effects from the
cardiovascular point of view for almost all the molecules
of the class [17]. Their use in the highest risk class does
not appear completely justified when compared with the
underutilization of some pharmacological classes with
proven cardiovascular benefit (i.e. GLP1-RA and SGLT2-
i) [18=21].

The mechanisms underlying the drug-related reduc-
tion of cardiovascular outcomes associated with the
use of SGLT2-i and GLP1-RA are still under investiga-
tion [22]; however, their clinical utility goes uncontested
[23]. In addition to the direct effect of these drugs on the
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Table 1 Characteristics of type 2 diabetes population according to cardiovascular risk

Moderate risk High risk Very high risk p
Number of subjects 2,819 98,781 372,140
Age (years) 416+£68 66.7 +£13.1 700102 <0.0001
Sex (% male) 576 56.5 572 0.0003
New diagnoses (%) 253 9.9 49 <0.0001
Diabetes duration (years) 30428 10.1£89 129+95 <0.0001
BMI (kg/m?) 256+28 270+45 300+£55 <0.0001
Smokers (%) 0.0 76 19.2 <0.0001
HbATc (%) 73+17 714+£13 72+12 0.002
Blood pressure (mmHg)
Systolic 1164+11.2 130.14£17.0 136.54+183 <0.0001
Dyastolic 733+77 759+92 769497 <0.0001
Total Cholesterol (mg/dl) 175143122 1740£339 167.14£38.8 <0.0001
LDL Cholesterol (mg/dl) 9784206 9724278 91.0+327 <0.0001
HDL Cholesterol(mg/dl) 4854132 51.1£137 481127 <0.0001
Triglicerides (mg/dl) 1358+106.0 12584781 141.14£816 <0.0001
Albuminuria (%) 0.0 0.0 395 <0.0001
eGFR <30 ml/min/1,73m? (%) 0.0 0.0 8.8 <0.0001
Anti-hyperglycemic therapy (%)
Metformin 72.0 711 69.0 <0.0001
DPP4-i 133 19.8 21.5 <0.0001
Secretagogues 77 159 16.3 <0.0001
Glinides 12 3.6 3.7 <0.0001
SGLT2-i 85 7.7 10.0 <0.0001
Glitazones 3.1 4.0 44 <0.0001
Acarbose 1.1 20 25 <0.0001
GLP1-RA 24 39 6.4 <0.0001
Insulin 276 24.4 34.5 <0.0001
Diabetes treatment scheme (%)
Oral Monotherapy 38.1 357 274 <0.0001
Oral Two fold therapy 19.2 230 217 <0.0001
Three or more oral drugs 33 6.0 6.5 <0.0001
GLP1-RA £ other drugs 24 39 6.4 <0.0001
Insulin 4 oral drugs 12.8 12.8 19.1 <0.0001
Multiple daily insulin injections 14.5 10.9 14.2 <0.0001
Anti-hypertensive therapy (%) 0.0 329 804 <0.0001
Lipid-lowering therapy (%) 0.0 180 726 <0.0001
Retinopathy (%) 0.0 0.0 264 <0.0001
Non proliferative 0.0 0.0 19.5
Pre-proliferative 0.0 0.0 1.9
Proliferative 0.0 0.0 1.8
Laser-treated 0.0 0.0 26
Oftalmopathy 0.0 0.0 0.2
Blindness 0.0 0.0 03
Previous myocardial infarction (%) 0.0 0.0 9.5 <0.0001
Previous stroke (%) 0.0 0.0 33 <0.0001
Established cardiovascular disease (%) 0.0 0.0 18.7 <0.0001

Dialisys (%) 0.0 0.0 0.3 <0.0001
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Table 2 Health care quality indicators according to cardiovascular risk

Moderate risk ~ Highrisk  Very highrisk  p
HbATc <7.0% (%) 574 58.0 516 <0.0001
HbA1c>8.0% (%) 223 16.1 184 <0.0001
Blood pressure > 140/90 mmHg (%) 0.0 31.0 50.8 <0.0001
LDL Cholesterol < 100 mg/dl (%) 498 547 65.6 <0.0001
LDL Cholesterol > 130 mg/dl (%) 0.0 9.1 13.1 <0.0001
Subjects with HbATc <7.0%, with C-LDL < 100 mg/dl and with BP < 140/90 mmHg (%) 310 243 186 <0.0001
BMI> 30 kg/mz(%) 0.0 14.7 46.6 <0.0001
Subjects not treated with insulin despite HbATc > 9.0% (%)? 39.2 384 255 <0.0001
Subjects with HbA1c > 9.0% despite insulin therapy (96)° 316 18.2 15.7 <0.0001
Subjects not treated with anti-hypertensive despite BP > 140/90 mmHg (%) n.a 482 225 <0.0001
Subjects with BP > 140/90 mmHg despite anti-hypertensive therapy (%) n.a 46.8 488 <0.0001
Subjects not treated with lipid-lowering drugs despite C-LDL > 130 mg/d! (%)° n.a 60.1 455 <0.0001
Subjects with C-LDL > 130 mg/dl despite lipid-lowering therapy (%)f n.a 16.9 9.7 <0.0001
Subjects with a previous CV event (heart attack and/or stroke) treated with antiplatelet n.a n.a 76.1 -
therapy (%)

Mean Q Score 322+6.8 301£76 282+83 <0.0001
Subjects with Q Score < 15 (%) 0.0 1.6 4.1 <0.0001
Subjects with Q Score > 25 (%) 74.0 66.1 594 <0.0001

2 Denominator: all the subjects with HbA1c>9.0%

b Denominator: all the subjects treated with insulin

¢ Denominator: all the subjects with BP > 140/90 mmHg

4 Denominator: all the patients treated with anti-hypertensive drugs
¢ Denominator: all the subjects with C-LDL > 130 mg/d|

f Denominator: all the subjects treated with lipid-lowering drugs

n.a. notapplicable

cardiovascular system, optimal glycemic control remains
essential [24].

The wide use of metformin in our study population
is also justified by existing evidence. In particular, met-
formin use following acute myocardial infarction was
associated with a reduction in risk of all-cause mortality
[25]. On the other hand, a significant use of secretagogues
and glinides in the classes with higher cardiovascular risk
was documented. The use of these drugs raises concerns
in particular due to the risk of hypoglycemic episodes
and it has recently been associated with an increase in
all-cause mortality [26].

To our knowledge, this is the first study investigat-
ing the clinical aspects and quality of care indicators in
subjects with T2D according to the stratification of car-
diovascular risk proposed by ESC. We have described
detailed clinical characteristics of people attending Ital-
ian diabetes centers, thus allowing the identification of
patients needing a more intensive care. The other nov-
elty of our study consists in the assessment of health
care quality indicators according to cardiovascular risk.
This represents a relevant aspect to improve the level
of care, overcome clinical inertia, and implement cost-
effective strategies for cardiovascular risk reduction. The

implications of the findings of our study in the context
of existing research are important. The large sample of
patients studied allowed to consistently define the clinical
characteristics of patients with diabetes belonging to the
different cardiovascular risk classes. This could generate
further studies useful for intercepting risk trajectories, in
particular by studying the predictive factors for the tran-
sition of lower-risk subjects towards higher risk profiles.
In this way, it will be possible to act preventively on the
categories of the most vulnerable subjects and those with
a higher likelihood of worsening their cardiovascular risk.

Our findings also underline the importance of a deeper
involvement of cardiologists in the management of T2D
and established cardiovascular disease, to ensure that
cardio-protective therapies are used along with other evi-
dence-based therapies to improve patient outcomes [27,
28].

Our study has limitations. First, data analyzed refer
to 2018; however, it is unlikely that the characteristics
of patients attending diabetes clinics have changed in
the last two years. On the other hand, rates of use of the
different antihyperglycemic classes may have changed
in most recent years, in the light of the accumulation
of a large body of evidence supporting the positive
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cardio-renal effects of SGLT2i and GLP1-RA. Finally,
data on hospitalizations and hypoglycemic episodes
were not available; however, the history of major car-
diovascular events was derived directly from electronic
medical records.

Conclusions

Our study showed that the majority of individuals with
T2D has a very high cardiovascular risk. We were able
to define the features of the subjects at moderate risk.
It included subjects with a very low mean age, a short
diabetes duration and a low BMI. The analysis of phar-
macological therapies showed an unexpected underuse
of the classes of anti-hyperglycemic drugs that can offer
cardiovascular protection, particularly GLP1-RA and
SGLT2-i.

The assessment of the level of quality of care showed
different areas of intervention on which to target thera-
peutic and preventive action. Intervention on modifiable
risk factors such as BMI and smoking should be care-
fully considered during clinical practice. The finding of
a large percentage of subjects with high blood pressure
values in the very high risk class requires a reflection on
the role of the diabetes specialist in the management of
cardiovascular risk factors. Risk stratification can help
healthcare professionals to better personalize the care
of different types of patients. Specifically, the use of anti-
hyperglycemic drugs with documented positive cardio-
vascular effects is desirable. The stratification could also
raise awareness among stakeholders on the identification
of more efficient cardiovascular diagnostic-therapeutic
pathways. Further studies are needed to test the effect of
differentiated care processes on different risk categories
from both a clinical and an economic point of view.
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