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Aim To evaluate cardiometabolic effects of empagliflozin in patients with ischemic heart disease and type 2 
diabetes mellitus (DM) following elective percutaneous coronary intervention (PCI).

Materials and Methods Patients meeting the inclusion / non-inclusion criteria were randomized into two groups of equal 
number using simple randomization with successively assigned numbers. Group 1 included 37 patients 
(18 men and 19 women) who gave their consent for the treatment with empagliflozin 10 mg / day in 
addition to their previous hypoglycemic therapy. The drug administration started one month prior 
to the elective PCI and continued for the next 11 months (treatment duration, 12 months). Group 2 
(comparison group) consisted of age- and DM duration-matched patients (37 patients; 18 men and 
19 women) who continued on their hypoglycemic therapy previously prescribed by endocrinologists 
during the entire study period. Before the study, 36.11 % patients of the empagliflozin group and 
27.03 % of the comparison group had unsatisfactory glycemic control as shown by the level of glycated 
hemoglobin (HbA1c).

Results At 6 and 12 months of the study, fasting glycemia and HbA1c were significantly lower in the 
empagliflozin treatment group. The groups were comparable by the incidence of adverse outcomes: 
8 (22.24 %) patients in the empagliflozin group and 10 (27.04 %) patients in the comparison group 
(р=0.787). The 12-month empagliflozin treatment reduced total cholesterol (C) by 5.56 % (p<0.05), 
low density lipoprotein (LDL) C by 3.67 % (p<0.05), visceral adipose tissue area (VATA) by 5.83 % 
(p<0.05), and subcutaneous adipose tissue area (SATA) by 3.54 % (p<0.05).

Conclusion The empagliflozin treatment for 30 days prior to and after elective PCI can enhance the effectiveness 
of myocardial revascularization due to the demonstrated beneficial cardiometabolic effects.
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Glucose-lowering agents are currently under active 
discussion. Their efficacy for the prevention of cardio-

vascular complications and reduction of mortality in patients 
with diabetes mellitus (DM) type 2, such as glucagon-
like peptide 1 receptor agonists and sodium-glucose co-
transporter 2 (SGLT2) inhibitors, was proven in randomized 
clinical studies [1–5].

The implementation of their positive effects are associated 
not only with the control of glycemia, but also with a wider 
range of effects on various metabolic processes, including fat 
metabolism [6]. In this regard, is highly prospective to study 
the effects of antidiabetic drugs with pleiotropic effects, 
such as SGLT2 inhibitors, aimed at minimizing the risk of 
cardiovascular complications in DM type 2 patients with a 

history of PCI, being a full-fledged alternative to CABG for 
patients in need of myocardial revascularization following 
the current clinical guidelines [7].

Objective
Evaluate cardiometabolic effects of empagliflozin in patients 

with CAD and DM type 2 after elective PCI.

Material and methods
A prospective randomized comparative study was 

conducted in the Kemerovo State Medical University (Russia). 
Patients were recruited in the Research Institute of Complex 
Problems of Cardiovascular Diseases from November 2016 
to May 2019. The study protocol was developed following the 
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Good Clinical Practice and the Declaration of Helsinki. The 
study was approved by the local ethics committee.

Based on the criteria provided below, a total of 74 patients 
with DM type 2 previously diagnosed according to the criteria 
of the World Health Organization (WHO) [8], to whom 
elective primary PCI for stable CAD was indicated, were 
included in the study.

Inclusion criteria: indications for elective PCI, DM type 
2 diagnosed in accordance with the WHO criteria, signed 
informed consent to participate in the study. Exclusion 
criteria: age less than 18 years and older than 85 years; 
body weight more than 130 kg; a history of PCI failure; 
previous myocardial revascularization (CABG or PCI); 
ACS during index hospitalization; myocardial infarction 
within 3 months before the study; decompensated 
CHF; exacerbation of a concomitant disease; a history 
of valve replacement; heart valve disease requiring 
surgery; glomerular filtration rate (GFR; CKD-EPI–
Chronic Kidney Disease Epidemiology Collaboration, 
2009, modification 2011) less than 45 mL / min / 1.73m2; 
pregnancy, breastfeeding.

Clinical and demographic characteristics of subjects are 
provided in Table 1.

All eligible subjects were divided into two equitable 
groups by simple randomization using sequential numbers. 
Group 1 included 37 (18 male and 19 female) patients who 
agreed to receive empagliflozin 10 mg / day in addition to 
the administered glucose-lowering therapy. The drug was 
administered for 1 month before and 11 months after the 
scheduled PCI (a total duration of treatment was 12 months). 
Group 2 (control) included 37 (18 male and 19 female) 
patients, comparable in age and duration of DM, who 
continued their usual glucose-lowering therapy throughout 
the study.

Standard therapy for CAD, including dual antiplatelet 
therapy, was ordered for all patients. The structure of glucose-
lowering therapy for the general patient sample is presented in 
Table 2.

All patients underwent anthropometric assessment of 
obesity (BMI, WC, HC), laboratory testing of carbohydrate 
metabolism (glucose, glycated hemoglobin HbA1c), lipid 
metabolism (TC, LDL, HDL, TG), serum creatinine, high-
sensitivity C-reactive protein (hsCRP). Multislice computed 
tomography (MSCT) scan was performed to assess obesity at 
baseline and 12 months after randomization. Baseline target 
level of HbA1c was determined in all patients based on age, life 
expectancy, the presence of a cardiovascular disease (CVD), 
and the risk of developing severe hypoglycemia [9].

One month after randomization, fasting venous glucose 
and HbA1c were measured. Serum creatinine levels were 
determined and GFR was calculated a day before and 48 hours 
after PCI.

Empagliflozin and metformin, if administered, were 
discontinued 48 hours before PCI to prevent acute kidney 
injury and lactic acidosis. During the withdrawal of glucose-
lowering drugs, hyperglycemia was corrected using short-
acting insulin.

Enzyme immunoassay was used to determine serum 
hsCRP (hsCRP Monobind test system), adiponectin 

Table 1. Main clinical and anamnestic  
data of patients of the general sample (n=74)

Parameter Value

Male, n (%) 36 (48.65)

Age, years (Me [Q1; Q3]) 61 [57; 64]

BMI, kg/m2 (М ± SD) 33.28±5.94

WC, cm (M ± SD) 105.27 ± 15.05

HC, cm (M ± SD) 108.91±13.62

WC/HC (M ± SD) 0.97±0.07

Smoking, n (%) 25 (33.78)

Arterial hypertension, n (%) 74 (100)

History of CVA, % (n) 7 (9.46)

Duration of CAD history, years (Me [Q1; Q3]) 3.0 [2.0; 5.0]

Duration of DM history, years (Me [Q1; Q3]) 5.5 [3.0; 9.0]

History of myocardial infarction, n (%) 37 (50)

Angina pectoris, n (%)

FC I 5 (6.76)

FC II 44 (59.46)

FC III 12 (16.22)

FC IV 0

CHF, n (%)

FC I 0

FC II 70 (94.59)

FC III 4 (5.41)

FC IV 0

AF, n (%) 7 (9.46)
Multi-vessel coronary disease, n (%) 37 (50)
Coronary artery lesion,  
SYNTAX score (Me [Q1; Q3]) 12 [7; 17]

WC, waist circumference; HC, hip circumference;  
CVA, cerebrovascular accident.

Table 2. Treatment of DM in patients  
of the general sample before inclusion in the study

Parameter Value, n (%)

Nutrition therapy 11 (14.86)

OGLD 48 (64.86)

Combination therapy (insulin + OGLD) 9 (12.16)

Insulin therapy 6 (8.11)

OGLD, oral glucose-lowering drugs.
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(BioVendor Human Adiponectin ELISA test system), and 
leptin (BioVendor test system).

Urinalysis was performed using UrineRS H10 test strips in 
a CL-500 automated urine analyzer. The urine sediment was 
examined using microscopy to assess bacteriuria.

Adipose tissue was quantified by multislice CT scanning on 
a 64 slice tomograph, at the LIV–LV level in the craniocaudal 
view. Area and volume of abdominal adipose tissue were 
evaluated and divided into visceral and subcutaneous 
components. Visceral obesity was diagnosed if visceral fat area 
(VFA) was more than 130 cm2 [10].

During the study period (12 months), data on the 
development of the following outcomes were collected for 
all subjects: ACS, repeat revascularization (CABG or PCI), 
acute cerebrovascular accident (CVA), hospitalization for 
decompensated CHF, cardiovascular disease death.

The data obtained were processed using Statistica 10.0. 
Statistical hypotheses on the distribution were tested using 
the Kolmogorov-Smirnov / Lilliefors test and the Shapiro-
Wilk test. Quantitative variables with normal distribution 
were described by the means and standard deviations (М ± 
SD). Quantitative variables with non-normal distribution 
were presented as the medians and inter-quartile ranges (Me 
[Q1; Q3]). Categorical data were expressed by absolute 
values and percentages (n (%)). Differences between two 
independent groups in quantitative measures were estimated 
by the Mann-Whitney U-test. The Cohren’s Q-test was used 
to compare percentages in dependent samples. The analysis 
of repeat measurements was estimated using the Friedman 
test followed by post-hoc comparisons of variables by the 
Wilcoxon test. The critical significance level was p=0.05.

Results
Of a total of 74 subjects, 73 patients completed the study: 

36 people in the empagliflozin group (1 (2.7 %) female 
patient discontinued therapy in 1 month due to AE of genital 
infection), and 37 subjects in the control group.

The baseline comparison of patient groups by the main 
clinical and anamnestic characteristics, and indicators of 
carbohydrate and lipid metabolism, filtration function of the 
kidneys, and coronary artery lesions (the SYNTAX score) 
found no significant differences (Table 3).

Baseline therapy of DM is summarized in Table 4, Figure 
1 and Figure 2.

Before the beginning of the study, 36.11 % of patients in 
the empagliflozin group and 27.03 % in the control group had 
poor control of carbohydrate metabolism (HbA1c). Only 
16.67 % of patients taking empagliflozin failed to achieve 
their individual target levels of HbA1c in 12 months of 
empagliflozin therapy. There were no statistically significant 
changes in the glycemic parameters in the control group. 
Poor glycemic control was observed in 32.43 % of patients 

after 12 months of the study, which was higher than the 
corresponding indicator in the empagliflozin group.

A total of 18 (24.66 %) cardiovascular events were 
reported in the general sample within 12 months after PCI 
(Table 5). There were no deaths. The comparison groups did 
not differ in the incidence of adverse outcomes.

Empagliflozin therapy resulted in 12 months in a 5.56 % 
decrease in TC (p<0.05) and a 3.67 % decrease in LDL 
cholesterol (p<0.05). Lipid metabolism did not change in 
the control group.

Figure 3 shows changes in anthropometric and imaging 
indicators of obesity in the comparison groups over the 
study period.

There were statistically significant changes in these 
indicators in the control group at the end of the study. A 
decrease in body weight, BMI, WC, WC / HC, SFA, VFA 
during empagliflozin therapy was statistically significantly 
higher than that in the control group (p<0.05).

During the use of empagliflozin, levels of adiponectin 
increased by 15.75 % versus baseline, levels of leptin and 
hsCRP decreased by 13.41 % and 30.60 %, respectively. 
There were no significant changes in the levels of adiponectin, 
leptin, and hsCRP in the control group. Patients taking 
empagliflozin had a greater decrease in leptin and hsCRP 
levels than those in the control group (Table 6).

Baseline GFR values were comparable in the comparison 
groups, and there was no significant reduction in GFR in 
both groups 48 hours after PCI. After 12 months of the study, 
GFR was statistically significantly lower than at baseline 
in the treatment group (p<0.001) and the control group 
(p<0.001). There were no differences in the rates of GFR 
reduction between the groups within 12 months (Figure 4).

Contrast X-ray examination revealed1 (2.78 %) case 
of acute kidney damage (KDIGO) in the main group [11]. 
Since GFR did not reach the target level to cancel the drug, 
treatment was restarted when serum creatinine stabilized.

It should also be noted that 11 (30.55 %) patients from 
the empagliflozin group were diagnosed with bacteriuria 
without clinical signs of urinary tract infection in the 1st 
month of treatment.

Discussion
Prevention of macrovascular complications in patients 

with DM has been based until recently on antiplatelet and 
lipid-lowering therapy. However, based on the results of the 
EMPA-REG OUTCOME, DECLARE-TIMI 58, LEADER, 
SUSTAIN-6 studies [1–5], the administration of modern 
glucose-lowering drugs is a priority direction in improving 
the prognosis of CVDs in patients with DM along with 
conventional CAD therapy. The 2019 ESC Guidelines 
on Diabetes, Pre-diabetes, and Cardiovascular Diseases 
recommend empagliflozin (recommendation class I level B) 
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Table 3. Clinical and laboratory characteristics of the study groups

Parameter Treatment group (n=36) Control group (n=37) р
Male, n (%) 18 (50) 18 (48.65) 1.000
Age, years (Me [Q1; Q3]) 61 [57; 64.5] 61 [56; 64] 0.943
Body mass index, kg/m2 (M ± SD) 34.40±6.11 32.33±5.70 0.196
WC, cm (M ± SD) 109.03±16.14 101.86±13.34 0.086
HC, cm (M ± SD) 111.89±14.04 105.89±12.87 0.174
WC/HC (M ± SD) 0.97±0.07 0.96±0.07 0.822
Smoking, n (%) 13 (36.11) 12 (32.43) 0.466
Arterial hypertension, n (%) 36 (100) 37 (100) –
History of CVA, % (n) 3 (8.33) 4 (10.81) 1.000
Duration of CAD history, years (Me [Q1; Q3]) 2.0 [1.0; 4.5] 2.0 [2.0; 5.0] 0.216
Duration of DM type 2 history, years (Me [Q1; Q3]) 6.5 [3.0; 12.5] 5.0 [3.0; 8.0] 0.269
History of myocardial infarction, n (%) 16 (44.44) 21 (56.76) 0.352
Angina pectoris, n (%)
FC I 2 (5.56) 3 (8.11) 1.000
FC II 26 (72.22) 17 (45.95) 0.791
FC III 3 (8.33) 9 (24.32) 0.112

CHF, n (%)
FC I 0 0

0.357FC II 33 (91.67) 36 (97.30)
FC III 3 (8.33) 1 (2.7)

Atrial fibrillation, n (%) 4 (11.11) 3 (8.11) 0.711
Fasting glycemia, mmol/L (Me [Q1; Q3]) 8.15 [7.35; 11.35] 7.4 [7.10; 9.40] 0.109
HbA1c, % (Me [Q1; Q3]) 7.15 [6.65; 8.15] 7.00 [6.50; 7.50] 0.401
TC, mmol/L, (Me [Q1; Q3]) 4.56 [3.77; 5.94] 4.71] 3.64; 6.06] 0.746
LDL cholesterol, mmol/L (Me [Q1; Q3)] 2.47 [2.10; 3.94] 2.86 [2.11; 3.54] 0.865
HDL cholesterol, mmol/L (Me [Q1; Q3)] 1.07 [0.90; 1.63] 1.00 [0.90; 1.22] 0.738
Triglycerides, mmol/L (Me [Q1; Q3]) 1.61 [1.02; 2.61] 1.72 [1.30; 2.37] 0.371
GFR (CKD-EPI), mL/min/1.73 m2 (Me [Q1; Q3]) 84.5 [69.5; 97.0] 90.0 [80.0; 96.0] 0.315

WC, waist circumference; HC, hip circumference; CVA, cerebrovascular accident; HbA1c, glycated hemoglobin

Table 4. Treatment of diabetes mellitus in the study groups before the beginning of the study

Parameter Treatment group (n=36) Control group (n=37) р

Nutrition therapy, n (%) 6 (16.67) 5 (13.51) 0.754

OGLD, n (%) 21 (58.33) 26 (70.26) 0.334

Insulin therapy, n (%) 2 (5.56) 4 (10.82) 0.674

Combination therapy (insulin + OGLD), n (%) 7 (19.44) 2 (5.41) 0.085

ПССП – пероральные сахароснижающие препараты.

Table 5. Main adverse outcomes within 12 months after elective percutaneous coronary intervention in the study groups

Parameter Treatment group (n=36), n (%) Control group (n=37), n (%) р
All adverse outcomes 8 (22.22) 10 (27.03) 0.787
ACS 1 (2.78) — —
ACS + PCI for restenosis 2 (5.56) 4 (10.82) 0.674
ACS + PCI de novo 2 (5.56) 2 (5.41) 1.000
Elective CABG 1 (2.78) 1 (2.70) 1.000
CVA 1 (2.78) 1 (2.70) 1.000
Hospitalization for CHF 1 (2.78) 2 (5.41) 1.000
CVA, cerebrovascular accident.
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as first-line therapy in patients with documented CVDs of 
atherosclerotic origin. And metformin is a first-line drug only 
in patients with DM type 2 without CVDs [7].

The study did not establish the benefits of empagliflozin 
for the incidence of cardiovascular complications within 12 
months after elective primary PCI with stent implantation 
(22.24 % of patients in the treatment group and 27.04 % in the 
control group had cardiovascular complications; p=0.787), 

which is probably due to the limited number of observations. At 
the same time, a recent Japanese study confirmed the positive 
effect of empagliflozin in patients with DM type 2 subjected 
to coronary revascularization: suppression of neointima 
hyperplasia was shown by optical coherence tomography 12 
months after coronary stenting [12].

Nevertheless, the administration of empagliflozin provided 
cardiometabolic control in most patients: an improvement 

OGLD, oral glucose-lowering drugs;  
SU, sulfonylurea derivatives.
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Figure 1. Groups of oral glucose-lowering drugs used before 
the beginning of the study in the empagliflozin group, n (%)

OGLD, oral glucose-lowering drugs; SU, sulfonylurea 
derivatives; DPP4i, dipeptidyl peptidase 4 inhibitors.
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before the beginning of the study in the control group, n (%)

Table 6. Changes in the levels of adipocytokines  
and pro-inflammatory markers in the study groups

Parameter Treatment group  
(n=36)

Control group  
(n=37) p

Adiponectin, mg/mL (Me [Q1; Q3])
Baseline 6.21 [5.46; 7.75] 7.45 [6.32; 8.74] 0.052
In 6 months 7.14 [6.45; 8.96] 7.21 [6.40; 8.82] 0.839
In 12 months 7.24 [6.85; 8.78] 7.16 [6.34; 9.58] 0.479
∆ 0.94 [0.36; 1.88] 0.11 [–0.59; 0.40] <0.001
p ∆ <0.001 0.368
Leptin, ng/mL (Me [Q1; Q3])
Baseline 24.98 [15.55;26.65] 19.23 [12.33; 27.08] 0.499
In 6 months 17.74 [14.01; 24.14] 18.95 [12.33; 26.95] 0.788
In 12 months 18.92 [13.65; 27.08] 19.84 [12.29; 27.09] 0.882
∆ –1.34 [–5.37; –0.26] 0.26 [–1.21; 1.30] <0.001
p ∆ <0.001 0.297
HsCRP, mg/L (Me [Q1–Q3])
Baseline 4.00 [3.08; 4.76] 3.00 [2.70; 4.00] 0.006
In 6 months 3.15 [2.63; 3.59] 3.10 [2.86; 3.75] 0.657
In 12 months 2.83 [2.38; 3.00] 3.05 [2.69; 3.65] 0.002
∆ –1.2 [–1.64; –0.70] –0.15 [–0.31; 0.05] <0.001
p ∆ <0.001 0.086 — VFA, visceral fat area; SFA, subcutaneous fat area.
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Figure 3. Changes in obesity markers  
in the comparison groups 12 after the beginning of the study
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кологических пациентов является актуальной проблемой. 
Коли чество таких больных во всем мире неуклонно растет, 
а их активная противоопухолевая терапия, в том числе новы-
ми, весьма агрессивными препаратами сопряжена с увеличе-
нием риска различных сердечно-сосудистых осложнений.500 руб.*

Арутюнов Г.П., Орлова Я.А., Козиолова Н.А.,  

Арутюнов А.Г., Драгунов Д.О., Соколова А.В.

Фундаментальные и прикладные  
аспекты мочегонной терапии

В данном учебном пособии описаны теоретические и при-
кладные аспекты мочегонной терапии. Особое внима-
ние уделено диуретикам в лечении хронической сердеч-
ной недостаточности, артериальной гипертонии.

500 руб.*

Арутюнов Г.П. 
Монография «Этюды дифференциального диагноза»

В монографии описаны навыки построения диагности-
ческой концепции на основе пропедевтического под-
хода к осмыслению жалоб и результатов физикально-
го осмотра. Издание, созданное на основе личного 
40-летнего опыта работы автора в многопрофильном те-
рапевтическом стационаре будет полезно молодым спе-
циалистам, ординаторам и врачам общей практики.

500 руб.*

Вы можете прибрести издания, обратившись в ОССН или «КлинМедКонсалтинг».
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in glycemia was noted in 1 month of the therapy, and 83.33 % 
of patients achieved individual target levels of HbA1c by 
the end of the study. There was also a lipid-lowering effect of 
empagliflozin such as a decrease in TC mainly due to a decrease 
in LDL cholesterol by 3.67 % compared to the baseline, but 
changes were not statistically significantly different from the 
control group. The data on the effects of SGLT2 inhibitors 
on lipid metabolism are contradictory. Several studies report 
an increase in HDL cholesterol and no changes in TC, LDL 
cholesterol, and TG [13]. At the same time, the levels of 
LDL and HDL cholesterol increased in the EMPA-REG 
OUTCOME study. A potential effect of empagliflozin on 
lipid metabolism may be mediated by a positive effect on 
insulin resistance with increased glucose excretion in the urine, 
irrespective of insulin levels, which promotes slowing down 
lipogenesis and activation of lipolysis and depends on the 
duration of therapy [14].

The positive effects of empagliflozin on markers of 
abdominal obesity compared to baseline were also established: 
body weight decreased by a mean of 2.15 kg, BMI by 2.22 %, 
and WC decreased by 3.0 cm. Moreover, a significant decrease 
in VFA by 5.83 % and SFA by 3.54 % was noted. Our findings 
are consistent with the results of previous studies [15, 17].

An additional benefit of empagliflozin therapy was 
established during the study, which was an improve adipokine 
profile, such as a 15.75 % increase in adiponectin levels and a 
13.41 % decrease in leptin. There was also a 30.06 % decrease 
in hsCRP. A similar effect of empagliflozin on the levels of 
adipocytokines was noted in some other studies. Wu et al. [18] 
conducted a meta-analysis, which confirmed that the use of 
SGLT2 inhibitors reduced the levels of circulating leptin and 
increased the concentrations of circulating adiponectin. In 
another study, empagliflozin reduced insulin resistance due 
to a decrease in the activity of chronic systemic inflammation 
[19]. Several studies showed that abnormal adipocytokine 
and inflammation marker profile is associated with a worse 
prognosis of CVDs and worse angiographic outcomes of PCI. 
Moreover, the leptin / adiponectin ratio correlated with the 
degree of coronary artery lesion irrespective of the course of 
CAD [20]. There is evidence that patients with stent restenosis 
have higher levels of leptin than those without [21]. Another 
study confirmed the role of adiponectin as a predictor of 
long-term cardiovascular complications after PCI, including 
death, myocardial infarction, or stroke, but no association 
was found between adiponectin levels and the frequency of 
revascularization of the target vessel [22]. In another study, 
serum levels of adiponectin>6 mg / mL were associated 
with a lower risk of restenosis irrespective of the presence of 
carbohydrate metabolism [23].

In our study conducted, a statistically significant decrease 
in GFR by 8.30 % was noted in patients taking empagliflozin 
and by 14.28 % in the control group over 12 months. One of 

the features of SGLT2 inhibitor pharmacodynamics is an 
increase in sodium delivery to macula densa, which leads to 
the restoration of the tubuloglomerular feedback mechanism, 
resulting in a narrowing of the afferent arteriole, a decrease in 
intraglomerular pressure, and a reduction in hyperfiltration. 
This is manifested clinically by a decrease in GFR by about 
4–6 mL / min / 1.73 m2 during the initiation of treatment with 
subsequent stabilization [24]. The results of studies show that 
there GFR fully recovers 1 week after discontinuation of the 
drug, even after several years of treatment. By contrast, GFR 
continues to decrease steadily in patients with diabetes from 
the placebo group, which is a manifestation of progressive 
diabetic nephropathy. Thus, experts believe that the initial 
decrease in GFR during pharmacological inhibition of SGLT2 
is not associated with a decrease in the number of functioning 
nephrons and serves in most cases as an indicator of efficacy 
rather than adverse effect of the drug [25]. In general, SGLT2 
inhibitors have rather favorable safety profile.

Therapeutic glucosuria caused by empagliflozin is a 
favorable environment for the propagation of conditional 
pathogenic microflora, including yeasts. According to the 
EMPA-REG OUTCOME study, empagliflozin increases 
about 3-fold the risk of developing genital fungal infections, 
along with autonomic neuropathy and bladder atony and 
vesicoureteral reflux characteristic of patients with DM. At the 
same time, the incidence of bacterial urinary tract infections 
does not differ from that in the placebo group [3].

Conclusion
Satisfactory glycemic control was observed in 83.33 % 

of patients with significant decreasing dynamics (p=0.008) 
who took empagliflozin 10 mg / day for 1 month before and 
11 months after elective percutaneous coronary intervention. 
The target levels of glycated hemoglobin before percutaneous 
coronary intervention were achieved by 72.97 % of patients 
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who received other glucose-lowering therapy without 
significant changes in the levels of glycated hemoglobin 
during the study period (p=0.414). Positive changes in the 
glycemic characteristics during empagliflozin therapy were 
accompanied by a significant decrease by 30.06 % in the 
serum levels of high-sensitivity C-reactive protein. Moreover, 
significant changes in the anthropometric and biochemical 
indicators of fat metabolism were noted: a decrease in body 
mass index by 2.22 %, a decrease in waist circumference by 
3.20 %, visceral fat area by 5.83 %, subcutaneous fat area by 
3.20 %, and a decrease in the levels of total cholesterol by 
5.56 %, low-density lipoprotein cholesterol by 3.67 %, and 
leptin by 13.41 % compared to the baseline levels. By contrast, 
values of these indicators increased in patients who did not 
receive empagliflozin over 12 months of the study. Levels 
of adiponectin increased in patients taking empagliflozin 
by 15.75 % and decreased during other glucose-lowering 
therapy. The best possible safety profile of empagliflozin is 
worth noting given its effect on the kidney filtration function, 

its decline was statistically insignificant and turned out to be 
lower than in other glucose-lowering therapy over 12 months 
of the study.

Thus, despite the absence of a direct effect of empagliflozin 
on the incidence of cardiovascular complications within 12 
months after elective percutaneous coronary intervention, the 
administration of the drug 1 month before the intervention 
can become a way to increase the efficacy of elective 
myocardial revascularization given the documented positive 
cardiometabolic effects.

Limitations
Small number of observations.

Funding 
No funding was received for this study.

No conflict of interest is reported.

The article was received on 12/12/2021

REFERENCES

1. Perkovic V, de Zeeuw D, Mahaffey KW, Fulcher G, Erondu N, Shaw W 
et al. Canagliflozin and renal outcomes in type 2 diabetes: results from 
the CANVAS Program randomised clinical trials. The Lancet Dia-
betes & Endocrinology. 2018;6(9):691–704. DOI: 10.1016/S2213-
8587(18)30141-4

2. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A et al. 
Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. New 
England Journal of Medicine. 2019;380(4):347–57. DOI: 10.1056/
NEJMoa1812389

3. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Han-
tel S et al. Empagliflozin, Cardiovascular Outcomes, and Mor-
tality in Type 2 Diabetes. New England Journal of Medicine. 
2015;373(22):2117–28. DOI: 10.1056/NEJMoa1504720

4. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JFE, 
Nauck MA et al. Liraglutide and Cardiovascular Outcomes in Type 
2 Diabetes. New England Journal of Medicine. 2016;375(4):311–22. 
DOI: 10.1056/NEJMoa1603827

5. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leit-
er LA et al. Semaglutide and Cardiovascular Outcomes in Pa-
tients with Type 2 Diabetes. New England Journal of Medicine. 
2016;375(19):1834–44. DOI: 10.1056/NEJMoa1607141

6. Katsuki A, Sumida Y, Murashima S, Murata K, Takarada Y, Ito K et al. 
Serum Levels of Tumor Necrosis Factor-α Are Increased in Obese Pa-
tients with Noninsulin-Dependent Diabetes Mellitus. The Journal 
of Clinical Endocrinology & Metabolism. 1998;83(3):859–62. DOI: 
10.1210/jcem.83.3.4618

7. Cosentino F, Grant PJ, Aboyans V, Bailey GJ, Ceriello А, Delga-
do V et al. Leeds Institute of Cardiovascular and Metabolic Med-
icine, University of Leeds/Leeds Teaching Hospitals NHS Trust, 
LIGHT Laboratories, Clarendon Way. Russian Journal of Cardiology. 
2020;25(4):101–61. [Russian: Cosentino F, Grant PJ, Aboyans V, Bai-
ley GJ, Ceriello А, Delgado V и др. 2019 Рекомендации ЕSC/EASD 
по сахарному диабету, предиабету и сердечно-сосудистым заболе-
ваниям. Российский кардиологический журнал. 2020;25(4):101-
61]. DOI: 10.15829/1560-4071-2020-3839

8. Dedov I.I., Shestakova M.V., Mayorov A.Yu., Vikulova O.K., Gals-
tyan G.R., Kuraeva T.L. et al. Standards of specialized diabetes care. 
Edited by Dedov I.I., Shestakova M.V., Mayorov A.Yu. 9th edition. Di-
abetes mellitus. 2019;22(S1-1):1–144. [Russian: Дедов И.И., Ше-
стакова М.В., Майоров А.Ю., Викулова О.К., Галстян Г.Р., Курае-

ва Т.Л. и др. Алгоритмы специализированной медицинской по-
мощи больным сахарным диабетом. Под редакцией Дедова И.И., 
Шестаковой М.В., Майорова А.Ю. 9-й выпуск. Сахарный диабет. 
2019;22(S1-1):1-144]. DOI: 10.14341/DM221S1

9. Dedov I.I., Shestakova M.V., Galstyan G.R., Grigoryan O.R., Esay-
an R.M., Kalashnikov V.Yu. et al. Standards of specialized diabetes care. 
Edited by Dedov I.I., Shestakova M.V. (7th edition). Diabetes mel-
litus. 2015;18(1S):1–112. [Russian: Дедов И.И., Шестакова М.В., 
Галстян Г.Р., Григорян О.Р., Есаян Р.М., Калашников В.Ю. и др. Ал-
горитмы специализированной медицинской помощи больным са-
харным диабетом. Под ред. Дедова И.И., Шестаковой М.В. 7-й 
выпуск. Сахарный диабет. 2015;18(1S):1-112]. DOI: 10.14341/
DM20151S1-112

10. Brel N.K., Kokov A.N., Gruzdeva O.V. Advantages and disadvantag-
es of different methods for diagnosis of visceral obesity. Obesity and 
metabolism. 2019;15(4):3–8. [Russian: Брель Н.К., Коков А.Н., 
Груздева О.В. Достоинства и ограничения различных методов ди-
агностики висцерального ожирения. Ожирение и метаболизм. 
2018;15(4):3-8]. DOI: 10.14341/omet9510

11. Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, Gold-
stein SL et al. Kidney disease : Improving global outcomes (KDIGO) 
acute kidney injury work group. KDIGO clinical practice guideline for 
acute kidney injury. Kidney International Supplements. 2012;2(1):1–
138. DOI: 10.1038/kisup.2012.1

12. Hashikata T, Ikutomi M, Jimba T, Shindo A, Kakuda N, Katsushika S 
et al. Empagliflozin attenuates neointimal hyperplasia after drug-elut-
ing-stent implantation in patients with type 2 diabetes. Heart and Ves-
sels. 2020;35(10):1378–89. DOI: 10.1007/s00380-020-01621-0

13. Kovacs CS, Seshiah V, Swallow R, Jones R, Rattunde H, Woerle HJ 
et al. Empagliflozin improves glycaemic and weight control as add-
on therapy to pioglitazone or pioglitazone plus metformin in patients 
with type 2 diabetes: a 24-week, randomized, placebo-controlled tri-
al. Diabetes, Obesity and Metabolism. 2014;16(2):147–58. DOI: 
10.1111/dom.12188

14. Sato T, Aizawa Y, Yuasa S, Kishi S, Fuse K, Fujita S et al. The effect 
of dapagliflozin treatment on epicardial adipose tissue volume. Car-
diovascular Diabetology. 2018;17(1):6. DOI: 10.1186/s12933-
017-0658-8

15. Inzucchi SE, Davies MJ, Khunti K, Trivedi P, George JT, Zwiener I 
et al. Empagliflozin treatment effects across categories of baseline 



72 ISSN 0022-9040. Kardiologiia. 2022;62(12). DOI: 10.18087/cardio.2022.12.n1838

ORIGINAL ARTICLES§
HbA1c, body weight and blood pressure as an add‐on to metformin 
in patients with type 2 diabetes. Diabetes, Obesity and Metabolism. 
2021;23(2):425–33. DOI: 10.1111/dom.14234

16. Ridderstråle M, Andersen KR, Zeller C, Kim G, Woerle HJ, 
Broedl UC. Comparison of empagliflozin and glimepiride as add-
on to metformin in patients with type 2 diabetes: a 104-week ran-
domised, active-controlled, double-blind, phase 3 trial. The Lancet Di-
abetes & Endocrinology. 2014;2(9):691–700. DOI: 10.1016/S2213-
8587(14)70120-2

17. Neeland IJ, McGuire DK, Chilton R, Crowe S, Lund SS, Woer-
le HJ et al. Empagliflozin reduces body weight and indices of ad-
ipose distribution in patients with type 2 diabetes mellitus. Dia-
betes and Vascular Disease Research. 2016;13(2):119–26. DOI: 
10.1177/1479164115616901

18. Wu P, Wen W, Li J, Xu J, Zhao M, Chen H et al. Systematic Review 
and Meta-Analysis of Randomized Controlled Trials on the Effect 
of SGLT2 Inhibitor on Blood Leptin and Adiponectin Level in Pa-
tients with Type 2 Diabetes. Hormone and Metabolic Research. 
2019;51(08):487–94. DOI: 10.1055/a-0958-2441

19. Xu L, Ota T. Emerging roles of SGLT2 inhibitors in obesity and insulin 
resistance: Focus on fat browning and macrophage polarization. Adipo-
cyte. 2018;7(2):121–8. DOI: 10.1080/21623945.2017.1413516

20. Nguyen PAH, Heggermont WA, Vanhaverbeke M, Dubois C, Vy-
dt T, Vörös G et al. Leptin-adiponectin ratio in pre-diabetic patients 
undergoing percutaneous coronary intervention. Acta Cardiologica. 
2015;70(6):640–6. DOI: 10.1080/AC.70.6.3120175

21. Byrne RA, Eeckhout E, Sardella G, Stella P, Verheye S. PCI in Patients 
with Diabetes: Role of the Cre8 Drug-eluting Stent. Interventional 
Cardiology Review. 2017;12(1):13–7. DOI: 10.15420/icr.2016:28:2

22. Delhaye C, Kpogbemabou N, Modine T, Lemesle G, Staels B, Mah-
moudi M et al. Long-term prognostic value of preprocedural adipo-
nectin levels in patients undergoing percutaneous coronary interven-
tion. International Journal of Cardiology. 2013;168(5):4921–4. DOI: 
10.1016/j.ijcard.2013.07.092

23. Mito T, Miura S, Iwata A, Morii J, Sugihara M, Ike A et al. Determina-
tion of the cut-off plasma adiponectin level associated with a lower risk 
of restenosis in patients with stable angina. Coronary Artery Disease. 
2011;22(7):451–7. DOI: 10.1097/MCA.0b013e3283495d43

24. Zou H, Zhou B, Xu G. SGLT2 inhibitors: a novel choice for the com-
bination therapy in diabetic kidney disease. Cardiovascular Diabetolo-
gy. 2017;16(1):65. DOI: 10.1186/s12933-017-0547-1

25. Toto RD. SGLT-2 Inhibition: A Potential New Treatment for Di-
abetic Kidney Disease? Nephron. 2017;137(1):64–7. DOI: 
10.1159/000450895


