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Jan Kochanowski University, Kielce, Poland ap‑
proved the study (41/2022). All patients provided 
their written informed consent. The inclusion cri‑
teria were: type 2 DM on oral medications (100% 
on metformin), age above 18 years, and HF with 
preserved ejection fraction according to the Eu‑
ropean Society of Cardiology 2021 guidelines. 
The exclusion criteria were: contraindications to 
or prior use of SGLT2 inhibitors, predicted poor 
compliance, previous or active cancer and / or liver 
disease, estimated glomerular filtration rate below 
60 ml/min/1.73 m2, pregnancy, current psychi‑
atric treatment, prior acute coronary syndrome, 
and / or percutaneous coronary intervention / cor‑
onary artery bypass grafting. The patients were 
prescribed 10 mg of dapagliflozin once daily, be‑
sides their standard treatment. The primary in‑
dication to start dapagliflozin was the treatment 
of type 2 DM.

Laboratory investigations  Fasting venous blood 
was drawn from the antecubital vein between 
7:00 and 10:00 am. Citrated blood (9:1 of 0.106 M 
sodium citrate) was centrifuged at 2500 g for 20 
minutes at 20 °C, while the blood drawn into 
serum tubes was centrifuged at 1600 g for 10 
minutes at 4 °C. All blood samples were stored 
at –80 °C until analysis. At baseline and after 
60 days of the treatment, routine laboratory 
assays were used to determine glucose, glycat‑
ed hemoglobin (HbA1c), and lipid profile. Fibri‑
nolytic proteins in plasma, including PAI‑1 anti‑
gen, thrombin activatable fibrinolysis inhibitor 

Introduction  Patients with type 2 diabetes mel‑
litus (DM) have an increased risk of cardiovas‑
cular morbidity and mortality due to accelerat‑
ed development of atherosclerosis.1-3 Therefore, 
glucose‑lowering therapies with cardioprotec‑
tive effects are beneficial in pharmacotherapy of 
these patients. Among glucose‑lowering thera‑
pies, sodium‑glucose cotransporter 2 (SGLT2) 
inhibitors have been shown to reduce glycemia 
and to have beneficial effects on atherosclero‑
sis, obesity, insulin resistance, renal function, 
and blood pressure.4 More importantly, random‑
ized controlled trials confirmed a reduced risk of 
worsening heart failure (HF) and cardiovascular 
death in patients treated with SGLT2 inhibitors 
(dapagliflozin, empagliflozin) regardless of their 
diabetic status.4,5 These clinical benefits might 
be partially explained by a reduction in throm‑
bin generation and platelet activation related to 
dapagliflozin use observed in mice models.6 In 
addition, empagliflozin decreased plasma con‑
centration of plasminogen activator inhibitor‑1 
(PAI‑1) in patients with type 2 DM.7 Whether an‑
other SGLT2 inhibitor, dapagliflozin, is associated 
with similar improvement in fibrinolysis is less 
clear.8 Therefore, we sought to assess the impact 
of dapagliflozin treatment on PAI‑1 levels in di‑
abetic patients with HF.

Patients and methods  Patients with type 2 
DM admitted to the outpatient department of 
the State Hospital in Kielce, Poland, were enrolled 
in the study. The local bioethics committee at the 
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the area under the curve represents endogenous 
thrombin potential. Lagtime described the ini‑
tiation phase of coagulation, while time to peak 
represented the propagation phase of thrombin 
generation.

Statistical analysis  Categorical variables are ex‑
pressed as number of patients (percentages). 
Continuous variables are expressed as means 
with SD or medians (interquartile range). Dif‑
ferences between baseline and follow‑up pa‑
rameters were assessed with the paired t test or 
the Wilcoxon signed‑rank test, as appropriate. 
Correlations were determined by the Pearson 
and Spearman correlation analysis, as appro‑
priate. All the tests were 2‑tailed, and a P value 
below 0.05 was considered significant. All sta‑
tistical analyses were performed using STATIS‑
TICA 13.3 (TIBCO Software Inc., Palo Alto, Cal‑
ifornia, United States).

Results  Twelve diabetic patients (mean age 
63.5 years, 16.7% women) treated with met‑
formin were enrolled. Of them, 8 had arterial 
hypertension and 10 had hyperlipidemia treat‑
ed with statins. Stage 3a chronic kidney disease 
was noted in 1 patient (Supplementary material, 
Table S1). After 60 days of dapagliflozin treat‑
ment, a nonsignificant reduction in HbA1c from 
mean (SD) of 8 (2.2)% to 7.3 (1.1)% was ob‑
served (P = 0.09). It was accompanied by a 22% 
shorter CLT and by 42% reduced PAI‑1 plasma 
concentrations (Table 1, Supplementary material, 
Figure S1). No differences in tPA levels or TAFI 
activity were noted after 60 days of dapagliflozin 
treatment as compared to the baseline. Dapa‑
gliflozin did not affect the studied thrombin 
generation parameters (Table 1). Of note, there 
was a strong correlation between on‑treatment 
change (Δ) in CLT and ΔPAI (r = 0.72; P = 0.008). 
No significant correlation between ΔCLT or ΔPAI 
and other clinical and biochemical parameters 
was observed (data not shown). No change in 
concomitant medications in the assessed peri‑
od was required.

(TAFI) antigen, and tissue plasminogen acti‑
vator (tPA) antigen (all from Hyphen‑Biomed, 
Neuville‑sur‑Oise, France) were assayed by ELI‑
SA according to the manufacturer’s instructions. 
The inter‑assay coefficients of variation were 
below 6%. The blood samples were analyzed in 
a certified laboratory at the John Paul II hospi‑
tal, Kraków, Poland.

Clot lysis time  Fibrinolysis capacity was deter‑
mined using a clot lysis time (CLT) assay pro‑
posed by the ISTH Subcommittee, as previ‑
ously described.9 Briefly, 20 mM calcium chlo‑
ride, 0.5 U/ml thrombin (Merck, Kenilworth, 
New Jersey, United States), 15 µM phospho‑
lipid vesicles (Rossix, Mölndal, Sweden) and 
18 ng/m recombinant tissue plasminogen ac‑
tivator (Actilyse 20 mg, Boehringer Ingelheim, 
Germany) were mixed with platelet‑poor citrat‑
ed plasma. The mixture was transferred to a mi‑
crotiter plate, and its turbidity was determined 
at 405 nm at 37 °C. CLT was defined as the time 
from the midpoint of clear‑to‑maximum turbid 
transition to the midpoint of the maximum
‑turbid‑to‑clear transition. The inter‑assay coef‑
ficients of variation for the lysis variables were 
below 8%.

Calibrated automated thrombogram  Thrombin gen‑
eration kinetics was measured with the Calibrat‑
ed Automated Thrombogram (Thrombinoscope 
BV, Maastricht, the Netherlands) according to 
the manufacturer’s instructions in the 96‑well 
plate fluorometer (Ascent Reader, Thermolab‑
systems OY, Helsinki, Finland) equipped with 
a 390/460 filter set at 37 °C.10 Briefly, 80 μl of 
plasma were diluted with 20 μl of the PPP‑Reagent 
(Diagnostica Stago, Asnières sur Seine, France) 
containing about 5 pmol/l recombinant tissue fac‑
tor, 4 μmol/l phospholipid vesicles, and 20 μl of 
FluCa solution (Diagnostica Stago). Each plasma 
sample was analyzed in duplicate, and the intra
‑assay variability was 6%. The maximum concen‑
tration of thrombin formed during the record‑
ing time is described as the peak thrombin, and 

TABLE 1  Plasma capacity of fibrinolysis and thrombin generation at baseline and after 60 days of dapagliflozin 
treatment

Variable Baseline Follow‑up Δ P value

CLT, min 120 (99–208) 94 (87–114) –19.5 (–60 to –10.5) 0.002

PAI‑1, ng/ml 22.2 (13.1) 12.9 (5) –9.4 (9.4) 0.001

TAFI, % 88.6 (13) 93.2 (11.2) 4.6 (20.2) 0.20

tPA, ng/ml 6.3 (2.4) 7.6 (1.9) 1.3 (0.9) 0.32

Lagtime, min 3.3 (0.8) 2.9 (0.8) –0.4 (0.9) 0.18

ETP, nM*min 1819.6 (326.3) 1625.3 (320.1) –194.4 (370.2) 0.27

Peak, nM 320.3 (96.8) 320.7 (110.9) 0.4 (131.3) 0.52

ttPeak, min 6.3 (5.8–6.9) 6.6 (4.6–7) –0.4 (–1.3 to 0.7) 0.39

Data are presented as mean (SD) or median (interquartile range)

Abbreviations: CLT, clot lysis time; ETP, endogenous thrombin potential; PAI‑1, plasminogen activator inhibitor‑1; TAFI, 
thrombin activatable fibrinolysis inhibitor; tPA, tissue plasminogen activator; ttPeak, time to peak
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Limitations  The study’s main limitations are 
small sample size and lack of blood sampling 
at additional time points. Changes in weight or 
body mass index, as well as adherence to medica‑
tions were not assessed during the study. All pa‑
tients were treated with metformin, and no oth‑
er oral hypoglycemic agents or insulin were used. 
Thus, the generalizability of the study’s findings 
may be limited.

Conclusions  Short‑term treatment with dapa‑
gliflozin promoted fibrinolysis and reduced PAI‑1 
levels in diabetic patients with HF with preserved 
ejection fraction. This observation may justify 
the clinical benefits of SGLT2 inhibitors observed 
in these patients.

Supplementary material

Supplementary material is available at www.mp.pl/paim.

Article information

Acknowledgments  None

Funding  This work was supported by the Collegium Medicum, Jan Ko‑
chanowski University, Kielce, Poland.

Conflict of interest  None declared.

Open access  This is an Open Access article distributed under the terms 
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 Inter‑
national License (CC BY‑NC‑SA 4.0), allowing third parties to copy and re‑
distribute the material in any medium or format and to remix, transform, and 
build upon the material, provided the original work is properly cited, distrib‑
uted under the same license, and used for noncommercial purposes only. For 
commercial use, please contact the journal office at pamw@mp.pl.

How to cite  Dziewierz A, Zabojszcz M, Natorska J, et al. Dapagliflozin 
reduces plasma concentration of plasminogen activator inhibitor‑1 in pa‑
tients with heart failure with preserved ejection fraction and type 2 diabe‑
tes. Pol Arch Intern Med. 2022; 132: 16383. doi: 10.20452/pamw.16383

References

1  Natorska J. Diabetes mellitus as a  risk factor for aortic stenosis: 
from new mechanisms to clinical implications. Kardiol Pol. 2021; 79: 
1060-1067. 

2  Dziewierz A, Mielecki W, Siudak Z, et al. Early abciximab administra‑
tion before primary percutaneous coronary intervention improves clinical 
outcome in diabetic patients with ST‑segment elevation myocardial infarc‑
tion (EUROTRANSFER Registry). Atherosclerosis. 2012; 223: 212-218. 

3  Pajak A, Jankowski P, Zdrojewski T. The burden of cardiovascular dis‑
ease risk factors: a current problem. Kardiol Pol. 2022; 80: 5-15. 

4  Zhang Y, Han Q. A review of cardiovascular benefits of SGLT2 inhibitors. 
Medicine (Baltimore). 2022; 101: e30310. 

5  Nessler J. Dapagliflozin in the treatment of patients with heart failure 
with reduced left ventricular ejection fraction - a practical approach. Adv In‑
terv Cardiol. 2021; 17: 135-140. 

6  Kohlmorgen C, Gerfer S, Feldmann K, et al. Dapagliflozin reduces throm‑
bin generation and platelet activation: implications for cardiovascular risk re‑
duction in type 2 diabetes mellitus. Diabetologia. 2021; 64: 1834-1849. 

7  Sakurai S, Jojima T, Iijima T, et al. Empagliflozin decreases the plasma 
concentration of plasminogen activator inhibitor‑1 (PAI‑1) in patients with 
type 2 diabetes: association with improvement of fibrinolysis. J Diabetes 
Complications. 2020; 34: 107703. 

8  Sato T, Aizawa Y, Yuasa S, et al. The effect of dapagliflozin treatment 
on epicardial adipose tissue volume. Cardiovasc Diabetol. 2018; 17: 6. 

9  Pieters M, Philippou H, Undas A, et al. An international study on the fea‑
sibility of a standardized combined plasma clot turbidity and lysis assay: 
communication from the SSC of the ISTH. J Thromb Haemost. 2018; 16: 
1007-1012. 

10  Hemker HC. Thrombin generation in a reconstituted system: a com‑
ment. Thromb Haemost. 2002; 87: 551-554. 

11  Aso Y, Matsumoto S, Fujiwara Y, et al. Impaired fibrinolytic compensa‑
tion for hypercoagulability in obese patients with type 2 diabetes: associ‑
ation with increased plasminogen activator inhibitor‑1. Metabolism. 2002; 
51: 471-476. 

12  Jung RG, Motazedian P, Ramirez FD, et al. Association between plas‑
minogen activator inhibitor‑1 and cardiovascular events: a systematic re‑
view and meta‑analysis. Thromb J. 2018; 16: 12. 

Discussion  Our study is the first to show that 
dapagliflozin treatment reduced CLT and PAI‑1 
level in diabetic patients with HF. In contrast, 
Sato et al8 showed that PAI‑1 levels only tended 
to decrease after a 6‑month dapagliflozin treat‑
ment and ΔPAI‑1 in DM patients with coronary 
artery disease treated with dapagliflozin was simi‑
lar to ΔPAI‑1 in patients treated with convention‑
al drugs. On the other hand, a reduction of PAI‑1 
by 25% after 12 weeks of treatment with anoth‑
er SGLT2 inhibitor, empagliflozin, was shown by 
Sakurai et al7 in patients with type 2 DM.

PAI is a major inhibitor of the fibrinolytic sys‑
tem. More importantly, an increase in PAI‑1 ac‑
tivity may lead to hypofibrinolysis, which was 
shown to be associated with a higher risk of car‑
diovascular events.11,12 Hypofibrinolysis and in‑
creased PAI‑1 level are more common in patients 
with than without type 2 DM.11 Moreover, sev‑
eral factors, including hyperglycemia, insulin re‑
sistance, dyslipidemia, and visceral obesity, have 
been suggested as the potential causes of an in‑
creased PAI‑1 level in diabetic patients.7 There‑
fore, a strategy of promoting fibrinolysis via re‑
duction of PAI‑1 levels by SGLT2 inhibitors seems 
an attractive therapeutic option in patients with 
type 2 DM to reduce their cardiovascular risk.

The mechanisms responsible for the reduction 
of plasma PAI‑1 levels by dapagliflozin and empa‑
gliflozin are not clear. The plasma pool of PAI‑1 re‑
flects also its production by adipose tissue. Thus, 
a possible explanation for reducing PAI‑1 level 
by SGLT2 inhibitors is weight loss secondary to 
glucosuria‑induced energy loss. In the study of 
Sakurai et al,7 empagliflozin‑induced weight loss 
(mainly visceral adipose tissue loss) positively cor‑
related with changes in plasma PAI‑1 level. Anoth‑
er study has shown that plasma PAI‑1 concentra‑
tion decreased following weight reduction relat‑
ed to intensive lifestyle intervention in patients 
with impaired glucose tolerance.13 In addition, 
thrombotic propensity observed in obese patients 
might be related to the release of adipokines / in‑
flammatory mediators, endothelial dysfunction, 
enhanced platelet activity, and induced liver pro‑
duction of coagulation factors observed in these 
patients.14 Therefore, weight reduction achieved 
with SGLT2 inhibitors may lead to a more favor‑
able adipokine profile and limit the low‑grade 
inflammation associated with metabolic diseas‑
es. However, the reduction in PAI‑1 level in our 
study was observed after just 60 days of dapa‑
gliflozin therapy, which is a short period of time 
to achieve a significant weight loss. On the oth‑
er hand, a nonsignificant reduction in HbA1c was 
observed, suggesting an improvement in glyce‑
mic control. Chronic hyperglycemia and hyper‑
insulinemia (insulin resistance) are associated 
with elevated plasma PAI‑1 levels in diabetic pa‑
tients. Thus, it may suggest an association be‑
tween better glycemic control and a decrease in 
PAI‑1 level related to dapagliflozin use. Interest‑
ingly, such an association was confirmed for oth‑
er antidiabetic drugs.15
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