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2011 to 2019, we identified 209 228 patients with 
diabetes, 48 073 of whom were treated with met‑
formin before admission. The study patients were 
matched to achieve similar age and duration of 
symptoms before admission and to enable com‑
parisons. Data were matched using the Mahala‑
nobis distance within propensity score calipers. 
The caliper radius was set to 0.2 * sigma for dia‑
betic subjects not treated with metformin. Final‑
ly, each of the propensity score–matched groups 
included 1199 individuals. The median (inter‑
quartile range [IQR]) age of patients was 70 (63–
77) years in both groups. There were 56% of men 
in the metformin group and 57% of men in the 
group not receiving metformin. The median (IQR) 
body mass index in these groups was 29 (26–32) 
and 29 (26–32) kg/m2, respectively.

Ethics Study data were obtained from the PL ‑ACS 
registry. Ethics committee approval and patient in‑
formed consent were not required.

Statistical analysis Data were presented as me‑
dian (IQR) or number and percentage as appro‑
priate. The study groups were compared using 
the Mann–Whitney test or the χ2 test.

Results Diabetes duration, coexistence of hy‑
pertension, dyslipidemia as well as antihyper‑
tensive and lipid ‑lowering treatment were sim‑
ilar in both study groups. Metabolic control ex‑
pressed by HbA1c and lipid levels was also compa‑
rable in both groups. The mean EF was similar in 
both groups, but the number of patients with EF 

Introduction Cardiovascular disease (CVD) is 
the most common complication of diabetes. 
Myocardial infarction occurs in every sixth pa‑
tient within 10 years after diabetes has been di‑
agnosed.1 Although postinfarction mortality has 
decreased, it is still relatively high.2 Multifactorial 
intervention including normalization of glycemia, 
blood pressure, lipid levels, and body weight is re‑
lated to a 50% lower risk of myocardial infarction.3 
Additionally, some data have shown the specif‑
ic cardioprotective effect of antidiabetic drugs.4

Metformin is the first ‑line drug in antihyper‑
glycemic treatment of diabetes.5 Its additional car‑
dioprotective effect has been well documented.6 
There are limited data on cardiac injury in diabetic 
patients who experienced myocardial infarction, 
which would specify whether they were treated 
with metformin or not. Therefore, we searched 
the PL ‑ACS registry (Polish Registry of Acute Cor‑
onary Syndromes) for information about antidi‑
abetic treatment received by patients with acute 
coronary syndrome (ACS). In the present anal‑
ysis, we included diabetic patients with no his‑
tory of CVD prior to the reported episode who 
were treated with percutaneous coronary inter‑
vention (PCI). Selected patients were divided into 
2 groups: treated or not treated with metformin 
before admission to the hospital.

We analyzed patients’ metabolic status (glycat‑
ed hemoglobin [HbA1c] and lipid profile) on ad‑
mission and ejection fraction (EF) at discharge.

Patients and methods Among 387 125 individu‑
als recorded in the PL ‑ACS registry in the years 
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EF decrease reported at discharge from the hos‑
pital after an ACS episode.

A meta ‑analysis of animal studies assessing 
the impact of metformin on cardiac injury showed 
that the drug use was related to a significantly 
smaller extent of postinfarct myocardial injury,9 
which is in line with our data from the human 
population. Our patients had no history of CVD, 
which excludes myocardial injury associated with 
a prior ischemic episode. Additionally, glycemic 
control, expressed by HbA1c and lipid levels mea‑
sured on admission as a potential confounder, 
was similar in both study groups, which strong‑
ly supports the concept of a cardioprotective ef‑
fect of metformin.

The mechanism underlying this effect is un‑
clear. Most likely, metformin influences the ac‑
tivation of intracellular enzymatic pathways and 
increases glucose utilization in cardiomyocytes.10 
Among other well ‑established risk factors, epi‑
cardial fat being part of visceral fat plays an ac‑
tive paracrine and endocrine role in CVD. An in‑
creased volume of epicardial fat and its dysfunc‑
tional profile of gene expression as well as de‑
creased expression of cardioprotective fibroblast 
growth factor 21 (FGF21) were found in patients 
with multivessel coronary artery disease and dia‑
betes.11 Treatment with metformin is associated 
with a significantly increased FGF21 expression. 
By inhibiting mitochondrial respiratory chain 
complex I, metformin leads to production of re‑
active oxygen species and generates integrated 
stress response through activation of transcrip‑
tion factor 4, which stimulates FGF21.12

In conclusion, metformin treatment protects 
diabetic patients from cardiac injury after ACS. 
Our results confirm the strong position of met‑
formin as the first ‑line hypoglycemic treatment 
in diabetes.
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below 40% was significantly smaller in metfor‑
min users compared with patients treated with 
other hypoglycemic drugs. Detailed study results 
are presented in TAbLE 1.

discussion Results obtained from a population 
of diabetic patients with no history of CVD who 
were treated with PCI showed that those on met‑
formin on admission due to ACS had a signifi‑
cantly lower prevalence of remarkable postin‑
farction cardiac injury. We selected patients with 
no history of CVD who were matched for age and 
symptom duration and, as a result, similar levels 
of HbA1c and lipids were observed in both study 
groups. This selection was performed to avoid po‑
tential bias due to known influence of these fac‑
tors on EF. Although metformin is the first ‑line 
treatment in type 2 diabetes, a considerable  num‑
ber of patients still remain on treatment with oth‑
er drugs, which was also shown in our analysis: 
only 48 073 diabetic patients (23%) in the regis‑
try were treated with metformin. The registry de‑
sign did not allow us to determine why metfor‑
min was not used in so many patients.

Data on the effect of metformin on postinfarct 
myocardial injury in clinical practice are limited. 
Lexis et al7 performed a retrospective analysis of 
the infarct size expressed by the peak activity of 
cardiac enzymes. They found that the peak activ‑
ity of these indicators was significantly lower in 
patients treated with metformin. In contrast, Bas‑
net et al8 found no difference in enzymes and EF  
at hospital discharge in patients with ST ‑segment 
elevation myocardial infarction receiving metfor‑
min.8 They did not report whether patients eval‑
uated in their study had a history of CVD. From 
the clinical point of view, EF is the key indicator 
of cardiac injury. Our study showed that treat‑
ment with metformin was associated with a low‑
er percentage of patients with clinically relevant 

TAbLE 1 Clinical characteristics of diabetic patients after acute coronary syndrome, 
with no history of cardiovascular disease, and treated with percutaneous coronary 
intervention depending on antihyperglycemic treatment on admission

Parameter Patients on 
metformin 
(n = 1199)

Patients receiving 
other antidiabetic 
drugs (n = 1199)

P value

Age, y 70 (63–77) 70 (63–77) 0.41

Symptom duration, h 3.81 (2.11–6.65) 3.60 (2–6) 0.11

HbA1c, mmol/mol 54 (43.2–67.2) 51.9 (44.3–65) 0.69

HbA1c, % 7.1 (6.1–8.3) 6.9 (6.2–8.1) 0.69

Total cholesterol, mmol/l 4.47(3.7–5.48) 4.55 (3.75–5.4) 0.81

LDL cholesterol, mmol/l 2.63 (1.99–3.49) 2.77 (2–3.35) 0.34

HDL cholesterol, mmol/l 1.11 (0.93–1.3) 1.11 (0.96–1.34) 0.34

Triglycerides, mmol/l 1.6 (1.17–2.19) 1.56 (1.09–2.19) 0.29

EF at discharge, % 48 (42–55) 47 (40–55) 0.95

EF at discharge <40%, n (%) 143 (12) 207 (17) <0.001

Data are presented as median (interquartile range) unless otherwise indicated.

Abbreviations: EF, ejection fraction; HbA1c, glycated hemoglobin; LDL, low ‑density 
lipoprotein; HDL, high ‑density lipoprotein
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