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ABSTRACT

Objective: The aim of the study was to test both efficacy and safety of empaglifozin in type 2
diabetic out patients followed-up within a single institution.

Materials and Methods: One hundred seventy-eight consecutive patients treated with empa-
glifozin for 6 months were compared to 356 fully matched control patients on alternative drugs:
side effects were monitored and changes from baseline were evaluated for body weight, body
mass index (BMI), blood pressure, circulating glucose, HbAlc, uric acid, triglycerides, total,
high density lipoprotein (HDL) and low density lipoprotein (LDL)-cholesterol levels, as well
as creatinine clearance rate. The 10-year Cardiovascular Risk score (10-y CV-RS) was also
assessed in all patients according to the cryogenic underground observatory for rare events
(CUORE) calculation charts. Weight, BMI, systolic and diastolic blood pressure, as well as,
HbAlc, glucose, cholesterol, triglyceride and uric acid levels, significantly decreased after
treatment, along with the 10-y CV-RS which is in fact strongly related to the above.

Results: Virtually no changes were observed in creatinine clearance rate and HDL levels. 45%
patients reported polyuria, 15% genital itching, 8% genital infections, 12% urinary tract infec-
tions, no volume depletion or keto-acidosis episodes were described.

Conclusion: In conclusion, in diabetic patients experiencing no previous major cardiovascular
events, empaglifozin significantly improved all cardiovascular risk factors, including glucose
control, and the 10-y CV-RS. Moreover it was well tolerated, so that no treatment discontinua-
tion was needed even in case of urinary tract infections.

KEY WORDS: Type 2 diabetes mellitus (T2DM); Cardiovascular risk; Cardiovascular risk
(CVR); SGLT2i; Empaglifozin; Adverse effects.

ABBREVIATIONS: CV: Cardiovascular; T2DM: Type 2 Diabetes Mellitus; SGLT2i: Sodium-

glucose co-transporter-2 inhibitors; CVD: Cardiovascular disease; CHD: Coronary Heart Dis-
ease; CVE: Cerebrovascular events; PAD: Peripheral Arterial Disease; HF: Heart Failure.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a progressive disease even-
tually leading to microvascular and cardiomacrovascular com-
plications and to their consequent ever increasing economic
burden.

Sodium-glucose co-transporter-2 inhibitors (SGLT2i)
are new oral antidiabetic medications recently approved for the
treatment of T2DM."* They enhance urinary glucose output and,
through this mechanism, are known to significantly improve
glycemic control,’” and to cause both weight and fat mass loss.’
Moreover, SGLT2 may add additional beneficial effects through
decreasing systolic and diastolic blood pressure.'® They are
well-tolerated and mostly cause only mild adverse effects,” one
of which, exacerbated by glycosuria, is represented by possible
recurrent genitourinary infections.'"'?

Empagliflozin is a highly selective SGLT2i im-
proving glycemic control in patients with T2DM both per se
and when added to metformin, sulfonylurea, or insulin."*'> In
the Empa-Reg outcome study, when added to standard care in
patients with T2DM and a high cardiovascular (CV) risk, em-
pagliflozin reduced CV events, mortality and hospitalization
as compared to placebo during a 48 month observation-period
[Empa-Reg outcome]."* Efficacy data reported so far for SGLT2
is derived from randomized clinical trials, while those from “cli-
nical practice” are still missing.

Due to that, some of the most common questions po-
sed by patients at the time of diagnosis, i.e. “Will my disease be
worse?” or “Will I get worse?”, in real life get highly variable
answers by their doctors, who mostly talk about their own expe-
rience and, even when referring to large randomized controlled
trials (RCTs), can only base their predictions on forecast risks
derived from relatively short-duration (4 years at most) valida-
ted data.

The aim of our study was to verify the short-term ef-
ficacy and safety of empaglifozin under real life conditions in an
attempt to provide appropriate answers to the above mentioned
questions. To achieve that we evaluated our diabetic patients for
6-month changes in their metabolically relevant parameters and
10-year CV risk score (10-y CVrs). The latter was calculated ac-
cording to the Italian CUORE risk-scoring equation,'®!? consid-
ered to be more appropriate to the population under study than
others based on populations with different eating habits and dif-
ferent CV mortality rates.

MATERIALS AND METHODS

Study Design

The present report is an observational study carried out in an
outpatient setting. We analyzed a series of patients with T2DM

followed-up by a network of 10 outpatient diabetes centers
(DCs) from AID (Associazione Italiana Diabete) participating
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in the so called Associazione Medici Diabetologi (AMD) An-
nals Initiative, all having the same organization structure and
previously documented to attain the same performance levels
and therefore considered to be a single institution.?’ Participating
DCs adopted the same software for everyday outpatient manage-
ment. A dedicated software package allowed data extraction for
further analysis (AMD Data File).

The latter, in fact, could import information exclusive-
ly from patients previously signing an informed consent to data
anonymous utilization for better diabetes control and improved
quality of life (QoL). All DCs received their local Ethics Com-
mittee approval for database utilization and the study conformed
to the Helsinki Declaration.

The diagnosis of type 2 diabetes was made/confirmed
within each participating DC according to criteria defined by the
ADA Standards of Medical Care in Diabetes 2014.2! The Inter-
national Classification of Diseases, Clinical Modification (ICD-
9-CM, V82.9 2014) was used to define T2DM diagnosis and
comorbidities/complications.>

The DC network recorded blood pressure (BP), glu-
cose, HbAlc, total, low-density lipoprotein and high-density
lipoprotein cholesterol (TC, LDL-C and HDL-C, respectively),
triglycerides (Tg) and serum uric acid (UA) as measured by
high standard auto-analyzers in public laboratories success-
fully participating in nationwide quality control programs. All
electro-medical devices used to evaluate patients were certified
and periodically validated in accordance with the International
Standards Organization (ISO) directive.”

Kidney function was assessed by both serum creatinine
and urinary albumin excretion rate measurements. Estimated
creatinine clearance rate (i.e., glomerular filtration rate, estimat-
ed glomerular filtration rate (¢GFR) was equation.* calculated
for each patient based on a standardized serum creatinine as-
say and the chronic kidney disease epidemiology collaboration
(CKD-EPI). Only patients having at least one serum creatinine
measurement and concordant eGFR values during the last 3
months were included in the study.

Inclusion criteria were: HbA lc higher than 7% despite
metformin at maximal tolerated dosage and/or insulin therapy.
BMI>25 kg/m?, 35<age<69yrs, eGFR>60 ml/min/1.73m?.

Exclusion criteria were: a history of recurrent urinary
tract infections or previous urinary or pelvic surgery, poor adher-
ence to therapy, severe liver disease, kidney failure, neoplasms,
steroid therapy, previous cardiovascular events and clinical con-
ditions favoring ketoacidosis.

The 7.0% (53 mmol/mol) HbAlc cut off was chosen
according to both the algorithm by Ceriello et al** and ADA’s
“Standards of Medical Care in Diabetes”, both meant at reduc-
ing the incidence of microvascular diseases without increasing
the risk for hypoglycemia.”! Less stringent HbAlc targets,’**
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which would have been appropriate for specific, mostly frag-
ile, populations were not taken into account, because, as stated
above, critically-ill people or those with recent cardiovascular
events or with rapidly progressing clinical conditions were not
included in the study.

One hundred seventy-eight T2DM patients consecu-
tively referring to the DCs and receiving add-on treatment with
empaglifozin 10 mg (Treatment Group: TG) were enrolled.
Empaglifozin 10 mg was added to metformin and/or insulin
therapy according to prescribing criteria defined by the Italian
Drug Agency (AIFA). As reference group 356 subjects with
similar general clinical characteristics who were not taking
empaglifozin were also enrolled in a 1:2 ratio, treatment ver-
sus control, respectively (Control Group: CG). All patients were
followed-up for 6 months.

They were assessed for the above mentioned blood
chemistry parameters, body weight (BW), body mass index
(BMI), blood pressure, and eGFR at baseline as well as after 3
and 6 months. Drug safety and tolerability was also monitored
in terms of aspartate aminotransferase (AST) (U/1), alanine ami-
notransferase (ALT) (U/l), y-glutamyltransferase (y-GT) (U/1),
total bilirubin (mg/dL), alkaline phosphatase (U/l), eGFR (ml/
min/khm?), urea mg/dL (mg/dL), micro-macro-hematuria, cyl-
indruria, ketonuria, urinary tract infections, genital infections,
polyuria, other infectious diseases for safety and of asthenia,
headache, nausea/vomiting, other gastrointestinal disorders, al-
lergic reactions, mild or severe hypoglycemia for tolerability.

The individual 10-y CVrs was assessed using the
CUORE project calculator. The CUORE project was an epi-
demiological and ischemic heart disease prevention project
launched in 1998.' This score enables us to estimate the proba-
bility of experiencing any CV events (mainly myocardial infarc-
tion or stroke) for the first time over the next 10 years based on
eight CV risk factors including age, gender, systolic BP (SBP),
TC, HDL-C, diabetes mellitus, smoking habit and use of antihy-
pertensive medications.!™* It was validated in patients 35 to 69
years of age without previous major cardiovascular accidents. It
cannot be used in case of extreme risk factor values, including
systolic blood pressure (SBP) higher than 200 mmHg or less
than 90 mmHg, TC higher than 320 mg/dL or less than 130 mg/
dL, HDL less than 20 mg/dL or higher than 100 mg/dL.

Statistical Analysis

Data are presented as mean values=standard deviation (M£SD).
Categorical variables are given as frequencies and percentages.
Repeated measures ANOVA was applied for intergroup and in-
tragroup comparisons at the three chosen time points. p values
<0.05 were taken as statistically significant. All analyses were
performed using the STATA software, version 14 (Stata-Corp
LP, College Station, Tex).

RESULTS

Clinical features of the whole study cohort population are repor-
ted in Table 1.

Table 1: Descriptive Features of the Enrolled Population. Data are Expressed as Mean+SD or as n. and Percent Rate in Case
of Categorical Variables: 78 Subjects had more than a Single Complication.
Casuistry
Variable Treatment Group Control Group
n=178 n=356
n. % (range) n. % (range) P
Female 102 57.4 199 55.9 ns
Age (years) 60.7£10.3 (41-68) 60.5+9.9 (40-67) ns
BMI (kg/m?) 30.6+4.5 (26.8-44.1) 30.4+4.6 (27.0+43.9) ns
Normal weight 16 8.9 32 6.5 ns
Overweight 105 58.9 203 57.0 ns
Obese 57 322 130 36.5 ns
Diabetes duration (years) 9.247.1 (3-14) 9.4+7.7 (4-13) ns
SBP (mmHg) 134,2+10,9 - 135.4+9.8 - ns
DBP (mmHg) 81.747.3 - 80.946.9 - ns
Subjects on Met alone - 60.7 - 59.9 ns
Subjects on Insulin w/wo Met - 39.3 - 411 ns
Biochemical parameters (M+SD)
n. % n. % P
Fasting blood glucose (mg/dl) 191.7+£40.5 - 189.5+44.3 - ns
HbA1c (%) 8.7+0.8 - 8.8+0.9 - ns
Total Cholesterol (mg/dl) 179.31£36.4 - 175.7+£33.9 - ns
HDL Cholesterol (mg/dl) 43.9+8.9 - 44.8+9.6 - ns
LDL Cholesterol (mg/dl) 103.2429.5 - 107.5425.9 - ns
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Triglycerides (mg/dl) 165.9+61.4 - 171.4159.6 - ns
Creatinine (mg/dl) 0.940.6 - 0.8+0.5 - ns
eGFR (ml/min/1.73m?) 90.1+17.7 - 90.3+13.8 - ns
Smokers (%) - 47 - 50 ns
Lipid-lowering treatment (%) - 60 - 62 ns
Antihypertensive treatment (%) - 65 - 66 ns
Aspirin (%) - 47 - 41 ns
Diabetes-related Complications
n. % n % p

Overall - 44 - 46.3 ns
Retinopathy BG - 14.8 - 15.3 ns
Nephropathy* - 13.1 - 12.5 ns
Autonomic Neuropathy - 10.7 - 1.2 ns
Peripheral Neuropathy - 14.7 - 15.1

*Presence of microalbuminuria and/or eGFR>90 ml/min/1.73 m? or >60 <90 ml/min/1.73 m?

SBP=Systolic Blood Pressure; DBP=Diastolic Blood Pressure; Met=metformin; w/wo=with or without.

Median age of investigated patients was 60 years in
both the TG and the CG (interquartile (IQ) range: 41-68 and 40-
47 years, respectively), 42.6% and 44.1% patients were male,
respectively, and median diabetes duration was 9.2 and 9.4 ye-
ars, respectively (IQ range: 3-14 and 4-13 years, respectively).
Median BMI was 30.6 and 30.4 kg/m? (IQ range 26.8-44.1 and
27.0-43.9 kg/m?, respectively). Glycemic control was poor,
being median HbA1¢>8.5% in both target group (TG) and con-
trol group (CG), with a fasting glucose level around 190 mg/dL,
whereas lipid parameters and BP levels were moderately good,
being LDL-C103 and 107 mg/dL, respectively, and mean BP

close to 135/80 mmHg in both groups. Median eGFR was 90 ml/
min/1.73 m? (IQ range 68-102 in both groups). In Table 1 also
clinical characteristics are described including smoking habits,
microvascular complications, use of aspirin, and lipid lowering
or antihypertensive drugs.

Effect of Empaglifozin Treatment

No patients on empaglifozin added to metformin and/or insulin
dropped off. Table 2 describes the effects of treatment.

Table 2: Parameter Changes within the Two Groups during the Follow-up Period.
Treatment Group (n. 178) Control group (n. 356)
Baseline 3 months 6 months %A® Baseline 3 months 6 months oA
TO T3 T6 TO T3 T6
Body weight (kg) 88.4+15.3 85.7£14.8* 84.8+14.8* ° -4.1 89.4114.5 88.5£14.17 88.06+13.2" -1.5
BMI (kg/m?) 31.7+3.8 30.7+3.6** 29.8+5.1* ° -5.4 30.4+4.6 30.4+4.4 30.243.9" -0.5
Hb1Ac (%) 8.7+0.8 7.8+0.7** 7.5£0.7* ° -13.9 8.8+0.9 8.8+0.9M 8.6+0.7" -1.5
FPG (mg/dl) 191.7+40.5 143.1+2.3* 129.1+20.6* ° -32.7 189.5+44.3 182+31.50 181.3+23.5% -4.3
SBP (mm Hg) 134.2+10.9 126.716,9* 125.67.6* ° -6.4 135.419.8 135.2+9.6" 134.8+8.8" -0.4
DBP (mm Hg) 81.747.03 77.845.3* 77.5¢5.2* ° -5.3 80.916.9 80.746.3 80.6+5.8" -0.3
TChol (mg/dl) 179.3+36.4 175.6+24.8**  168.3+23.8** °° -6.1 175.7£33.9 177.3£31.1 173.6+28.6M -1.2
HDL-C (mg/dl) 43.948.9 46.316.9** 45.8+10.6** +4.4 44.8+9.6 44.347.2 43.8+7.5M -0.2
LDL-C (mg/dl) 103.2429.5 100.4+27.1 89.9+25.6** °° -12.9 107.5 £25.9 106.4124.6 105.1+22.6" +2.3
Triglycerides (mg/dl) 165.9161.4 144.3+49.2** 136.9£51.1* ° -17.5 171.4 £59.6 169.41+44.2 167.9+46.6" +2.2
Uric acid (mg/dI) 5.4+1.0 5.3+0.8 5.1+1.08 *° -5.6 5.5+1.1 5.4+1.0 5.4+0.9M -1.1
eGFR ml/min/1.73m?) 90.1+17.7 90.5+16.7 92.9+14.7 +3.1 90.3+13.8 74.5+18.4 4 67.7+12.3 " # -25
10-y CV-RS 12.7£10.2 - 10.617.6* -18.2 12.5+9.9 - 12.247.2 -2.2
*p<0.01 vs. TO; °p<0.01 vs. T3; **p<0.05 vs. TO; °°p<0.05 vs. T3; $p<0.05 vs. T3; Ap<0#c;:0"_g'1T‘2;_ g;”;?if: c‘:% TG;
$ %A vs. baseline
%A=percent difference observed between T6 and TO.
10-y CV-RS = 10 year individual cardiovascular risk score.
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Significant differences were observed in all bioche-
mical and clinical parameters between control and empaglifozin
groups. The latter displayed a significant and progressive impro-
vement in all parameters with a rapid decrease in fasting blood
glucose and HbA Ic as shown in Figures 1 and 2, respectively.

BW changes are reported in greater detail in Figure
3, describing TG patients after splitting into metformin-only-tre-
ated and insulin-treated (with or without metformin) subgroups:
both of them showed a significant BW decrease despite higher
levels being consistently attained in the latter.

Figure 4 clearly shows significant differences (p<0.01)
between TG and CG as compared to baseline in percent impro-
vement of almost all investigated parameters, with the biggest

Figure 1: Comparison of Fasting Plasma Glucose (mg/dL) in the Treat-
ment Group (TG) versus the Control Group (CG).*=p<0.01.

250

200 |

150
100 %

50

T0 T3 Te

Figure 3: Body Weight Changes in Insulin Treated Patients (with or
without metformin; Insulin +) as Compared to Those on Metformin
only (Insulin -) within the Treatment Group (empaglifozin 10 mg/day).

*p<0.01vs T0; °p<0.01 vs. Insulin +

100 * -

Insulin+ 92 88 86

Insulin- 82 78,5 76,5

Heart Res Open J

differences involving fasting blood glucose (-32,4% vs. -4.3% in
CQG, respectively), HbAlc (-13.9% vs. -1.5%, respectively), Tg
(-17.5% vs. +2.2%, respectively), LDL-C (-12.9% vs. +2.3%,
respectively).

10-year CV Risk Score

At baseline the 10-y CV-RS score was 12.6+10.2 in the TG
(Table 2 and Figure 5) and 12.549.9 in the CG (n.s.). After the
6-month follow-up a significant decrease was observed (-18.2%,
p<0.01) in the TG versus an only slight decrease in the CG
(-2.2%, n.s.) (Figure 4).

Table 3 describes the results of the multivariate Cox
regression analysis: systolic BP and antihypertensive treatment

Figure 2: Comparison of HbA1c (%) in the Treatment Group (TG)
versus the Control Group (CG).*=p<0.01.

8.6

8.4 -

8.2

7.8 -
7.6

7.4

7.2

6.8 |

Baseline 6-month follow-up

Figure 4: Changes in Clinical Parameters from Baseline in Treatment
Group (TG) Compared with Control Group (CG). All the differences
were Statistically Significant (p<0.01).

1-CV-Risk

eGFR (ml/m/1.73m2)
UA {mi/d)

Trig (mg/di)

LDL-C (mg/di)
HDL-C{mg/dl)
T-Chol (mg/d)

DBP(mmHg)

SBP (mmHg)

FPB (mg/di)

HbALC (%)

BMI(kg/m2)

BW (kg)

-35 -30 -25 -20 -15 -10 -5 0 5 10

T-Chol | HDL-C | LDL-C | Trig UA CCER -Cv-

BMI |HbAlc | FPB 58P DBP mi/my1
(kg/m3)| (%) (ima/el) (mmig)mmiig)(mg/a) (ma/al) (ma/etimgfal) | (mifa) (T Risk
miG| 05 | 05 | -15 | 43 | 05 | 03 | 15 | -11 | 23 | 22 | 08 | -5 | 22

miG| 41 -54 | -139 ( -324 | -64 -5.3 -6.1 44 |-129 | -175 | 56 31 | -186

BW (kg)

|-CV-Risk=Individual CV Risk Score; UA= Uric Acid; Trig= Triglycerides; LDL-
C=LDL-Cholesterol: HDL-C=HDL-Cholesterol; T-Chol=Total Cholesterol;
DBP=Diastolic Blood Pressure; SBP=Systolic Blood Pressure; FPG=Fasting
Plasma Glucose; BMI=Body Mass Index; BW=Body Weight.
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Figure 5: Changes in the 10-year CV Risk Score after 6-Month Treatment
with Empaglifozin 10 mg, Compared with Baseline.

13

12

p<0.01

10

w

T6

were identified as major contributors to the individual 10-y CV-
RS.

In greater detail, Figure 6 describes 10-y CV-RS
changes in non-hypertensive and hypertensive TG patients.
A significant difference (p<0.01) was deteted between them
at baseline and at the end of follow-up, but, unlike the others,
non-hypertensive subjects displayed only slight, non-significant
intragroup changes.

A similar result was observed when comparing in-
sulin-treated to metformin-treated subjects (Table 4), who in

Table 3: Multivariate Cox Regression Analysis of all Parameters Con-
tributing to the Final 10-y CV-RS (Individual 10-y Cardiovascular risk
score in our Population.
Hazard Ratio P
Sex 1.085 <0.01
Age 1.090 <0.01
Diabetes 1.363 <0.001
Smoking 0.981 <0.05
Total Cholesterol 1.247 <0.001
LDL-C 1.121 <0.001
Systolic BP 1.395 <0.001
Antihypertensive Treatment 1.424 <0.001

fact displayed a significantly lower 10-y CV-RS than the others
(»<0.01), being anyway a significant improvement observed
(»<0.01) in both groups at the end of follow-up.

Safety Parameters and Side Effects

The upper part of Table 5 summarizes the results concerning sa-
fety parameters in the TG group: no significant differences were
observed versus baseline in AST, ALS, y-GT, total bilirubin, and

blood urea; a similar behavior was observed for CG (not shown).

Unexpectedly, however, as seen in Figure 4 eGFR si-

Figure 6: Changes on 10 y CV Risk Score in T2DM People Treated with Empagnifozin
when Splitted into Subjects with or without Hypertension, Respectively.
B Hypertension
18
B No Hypertension
16
14
12
10
8
s -
4
2 4
o 4
Baseline 6 Months
Baseline 6 Months
Hypertension 16.0+9.0 p<0.01 10.0+7.8
No Hypertension 6.2+5.7 n.s. 5.7+4.6
p<0.01 p<0.01
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Table 4: Comparison between the 10-y CV-RS (10 Year individual Cardio-
vascular Risk Score) in Empaglifozin Treated T2DM Subjects on Insulin
with or without Metformin (Insulin +) or on Metformin alone (Insulin -) at
Baseline (T0) and 6 Months (T6).

10-y CV-RS
TO T6 P
Insulin + 14.1+£2.4 11.4+11.4 <0.001
Insulin - 9,7+1.9 7,8+1.8 <0.001
p <0.01 <0.01

Table 5: Safety Parameters and/or Adverse Effects in the Treatment Group. Data are
Presented as Mean+DS or Number/Percent of Subject (%).

Baseline T3 T6
AST (U/) 26+3 26+4 22+4
ALT (U/) 24+4 25+3 24+ 4
y-GT (U/l) 2248 22+9 21+6
Total Bilirubin(mg/dl) 0.9+0.3 0.6+0.4 0.8+0.2
Alkaline phosphatase(U/)) 41+6 38+8 4045
eGFR(ml/min/khm?) 90.1+17.7 90.5+16.7 92.9+14.7
Urea mg/dl (mg/di) 2245 2114 2246
micro-macro-hematuria 0 0 0
Cylindruria 0 0 0
Ketonuria 0 0 0
Urinary tract infections 2(1.1) 5(2.8) 6 (3.4)
Genital infections 0 7 (3.9) 9 (5.6)
Polyuria 0 76 (42.7) 58 (32.5)
Other infectious diseases 0 0 0
Asthenia 0 0 0
Headache 0 0 0
Nausea/vomiting 0 0 0
Other gastrointestinal disorders 1(0.6) 2(1.1) 2(1.1)
Allergic reactions 0 0 0
Mild hypoglycemia 1(0.6) 2(1.1) 2(1.1)
Severe hypoglycemia 0 0 0

gnificantly worsened in the CG after 6 months versus both base-
line and TG (-25% as compared to +3.1%, respectively; p<0.01).

In the TG no changes were observed in urine analy-
sis except, as expected, for glycosuria. A slight non-significant
increase was observed in urinary infection rate versus baseli-
ne (3.4 vs. 1.1 %), whereas genital infection rate significantly
increased (+5.6% vs. baseline; p<0.05). Other possible side ef-
fects were either absent or superimposable to baseline. In grea-
ter detail, also the rate of recorded mild/moderate hypoglycemic
episodes was quite low and, in any case, did not significantly
change with respect to baseline at the end of follow-up. As also
expected, no side effects were reported in the CG, either at base-
line or at the end of follow-up.

DISCUSSION

In patients with T2DM, the main cause of morbidity and mor-

Heart Res Open J

tality is cardiovascular (CV) disease. Diabetic kidney disease,
which develops in approximately 40% of patients with T2DM,
further increases the risk of CV-related morbidity and mortal-
ity. The sodium SGLT2i empaglifiozin, which is known to pro-
vide effective metabolic control both per se* or as an add-on to
other glucose-lowering agents®-3* in patients with T2DM, was
also shown to improve CV and renal outcomes in the large, ran-
domized, placebo-controlled EMPA-REG OUTCOME trial in
patients at high risk of CV events.!*!* The underlying mecha-
nisms for the CV and renal protective effects of empagliflozin
are not fully understood, but are likely to involve a combina-
tion of several mechanisms, including empagliflozin-associated
body weight and blood pressure reduction, enhanced diuresis,
modified substrate utilization and tubulo-glomerular feedback
activation. The results of ongoing CV outcomes trials with other
SGLT?2 inhibitors will potentially confirm whether the beneficial
CV and renal effects observed in EMPA-REG OUTCOME are
unique to empagliflozin or reflect a drug class effect.*
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Guidelines for cardio-vascular disease (CVD) preven-
tion recommend the use of risk scores to identify adults at high
CVD risk expected to benefit the most from preventive therapy.
Several scoring systems exist to help clinicians assess the 10-
year CHD risk, being the Framingham risk score the most wide-
ly used among them.3¢

The Framingham-Study researchers®” also proposed a
new model for use in the primary care setting, patently differ-
entiated by gender. This “reclassification” of CVR was based
on three basically sound ideas: first, it was easier to just use four
parameters which had been recognized as the major risk fac-
tors (RF) in cardiovascular epidemiology, i.e. cholesterol, blood
pressure (BP), diabetes mellitus and smoking; second, the model
could predict all CVD events [coronary heart disease (CHD),
cerebrovascular events (CVE), peripheral arterial disease (PAD)
and heart failure (HF)] and provided calibration factors for each
entity that may be of interest to the physician; and third, the con-
cept of vascular or heart age was included, which could be cal-
culated from the model.

Moreover, according to the 2009 Canadian Cholesterol
Guidelines*® all cardiovascular risk assessment calculators are
defective per se, nevertheless the Framingham Risk Score (FRS)
is recommended for total CVD anticipation. It was validated in
Canada with the Cardiovascular Life Expectancy Model, and
has been shown to increase adherence to therapeutic measures.
Anyway, the FRS has been shown to underestimate the risk in
specific categories of patients, especially the young, women, and
eventually those with the metabolic syndrome.

By adding just 2 measurements (a family history of pre-
mature CAD and high hsCRP) to the Framingham model, the
Reynolds Risk Score (RRS) seemed to further improve physi-
cian’s CVD risk prediction ability, particularly for those people
who in the past were perceived as being at moderate risk and was
validated in men and women in an American population.>*4

There is reason to believe; however, that the FRS or
the RRS, although practical, may not be applicable to southern
Europe or Mediterranean populations, whose CVD prevalence is
lower than observed in northern, central and eastern Europe.*!

Within the CUORE project a risk score algorithm for
assessing individual risk for cardio-vascular events was devel-
oped and validated in the Italian population.'® It is a simple
tool to estimate the probability of undergoing a major cardio-
vascular event (myocardial infarction or stroke) over the next
10 years, provided the levels of eight risk factors are known,
including sex, age, diabetes, smoking habit, systolic blood pres-
sure, total cholesterol, HDL-cholesterol and antihypertensive
treatment. The score provides a more accurate assessment than
risk cards elaborated in collaboration with the Italian Institute of
Health (ISS) under the same CUORE Project.*

Our data, obtained in an outpatient setting in real-life
conditions during a relatively short follow-up period is in agree-
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ment with those coming from major trials in terms off ast im-
provement in glycemic control and of beneficial effects on blood
pressure, lipids and body weight, counter balanced by only slight
genitourinary troubles. Accordingly, in a recent large multina-
tional intervention study based on de-identified health records
across six countries (US, Norway, Denmark, Sweden, Germa-
ny and the UK) all available SGLT-2 is [canagliflozin (53%),
dapagliflozin (42%), and empaglifiozin (5%)] were associated
with lower heart failure and mortality rates than other Glucose-
Lowering Drugs. The homogeneity of the results obtained across
countries, despite geographic variations in the use of a specific
SGLT-2i, suggests that in real-world practice the benefits previ-
ously reported with empagliflozin in the context of a randomized
clinical trial may be applicable to all SGLT is in a broad popula-
tion of patients with T2DM and reflect a class effect.*

Our goal was in fact to convincingly answer above
mentioned patient questions on possible treatment-related car-
diovascular complications.

Using the Cox regression analysis we weighed single
factors used by the individual CV risk calculator and we could
realize arterial hypertension and antihypertensive treatment to
be the leading ones. In fact, as seen in Table 4, age, sex and dia-
betes were highly significant per se but, as non-modifiable fac-
tors, could not be expected to contribute to risk reduction over
time. Among modifiable risk factors, smoking habits were also
significant, as expected, but less than the others in our hands and
total cholesterol e LDL-C, which proved to be highly significant,
had a much lower HR than systolic-BP and antihypertensive
treatment. We cannot provide an explanation for such observa-
tion as our investigation was not powered enough for a meaning-
ful statistical analysis of this finding which, being unexpected,
had not been included among the goals of the study. However,
we may hypothesize a possible mechanism behind it to be insu-
lin resistance, which is known to be a strong factor contributing
to arterial hypertension in people with T2DM. Further ad hoc
designed studies are warranted to validate such hypothesis.

LIMITATIONS

The main limitations of our study are the small number of en-
rolled subjects compared to large RCTs and the relatively short
follow-up period.

However, it should be considered that cardiovascular outcomes
were already found to be positively affected in the EMPAREG
OUTCOME study within less than 6 months and that, by using
our population-based CV-Individual Risk Score within the ap-
parently short observation period we chose, we could anyway
confirm those favorable effects in terms of single CV risk factors
contributing to the final score.

CONCLUSION

In conclusion, our results confirmed empaglifozin efficacy in
terms of persistent control of both glucose and virtually all other
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cardiovascular risk factors (weight, BMI, blood pressure, lipids,
uric acid). As a consequence of that, the 10-year Cardiovascu-
lar Risk (CRA) score significantly decreased in diabetic patients
without previous major cardiovascular events. Finally, the drug
was well tolerated and, when present, genitourinary tract infec-
tions mostly resolved with specific medications without any
need for treatment discontinuation.
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