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Protective effects of metformin on cardiovascular system
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Summary For several decades now, metformin has been a fi rst medicine of choice in the treatment of diabetes 
mellitus type 2. As a monotherapy or combined with other anti – diabetic medications, metformin is widely 
used as diabetes therapy, unlike other medications, it does not threaten the occurrence of hypoglycemia since 
it does not stimulate the secretion of insulin in pancreaticβ- cells but it disposes of free insulin that has already 
been secreted. Besides its anti – diabetic eff ects, metformin demonstrates the pleiotropy of eff ects on vari-
ous diseases and issues related to metabolism. For the last ten years, metformin has been greatly tested as a 
treatment of polycystic ovary syndrome, prediabetes, cardiovascular diseases, but also as a produce to destroy 
cancer cells and potential produce to prolong the life expectancy. It creates the antihyperglycemic eff ect by 
inhibiting gluconeogenesis in the liver and increasing the sensitivity of the tissue by stimulating its receptors 
for insulin. Besides, this medication increases the intensity of glycolysis, inhibits the eff ects of glucagon and 
stimulates the fatty acid oxidation. Certainly, the result of this eff ect is the reduction of the level of glucose in 
the blood and a reduction of fatty acid accumulation. 
However, despite the benefi ts that metformin has in treating diabetes type II in the fi rst place, and then 
other metabolic issues both related to insulin resistance and those beyond this framework, a chronic usage of 
metformin has proven in some research to have insuffi  cient eff ectand to lead to the body becoming saturated 
therewith. Th orough survey into the eff ects of this medication shall be continued, in order to determine its 
place not only as an accessible and certain medicine for insulin resistance, but also as applicable in both pre-
vention and treatment of a numerous other metabolic issues. 
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Introduction

Metformin is 1,1dimethylbiguanidecreated out of 
Leguminosae Galega offi cinalis and has been recorded 
as anti-diabetic medicine for the fi rst time in 1957 (1). 

Based on its safety profi le, metformin is anti-hyper-
glycemic fi rst medicine of choice to treat diabetes 
mellitus type II accounting for more than 90% of di-
agnosed diabetes types (2). After approving its usage 
in 1958, in the United Kingdom and the United States 
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of America in 1995, metformin merged as one of the 
most commonly used medicines to treat insulin resist-
ance in patient with diabetes II type  insulin resistance 
in patient with dosages ranging from 500 to 2.500 mg/
per day (3). 

Unlike other anti – diabetic medicines, metformin 
rarely exhibits contraindications such as hypoglycemia, 
hyperinsulinemia, B12 vitamin defi ciency, peripheral 
neuropathy and rarely lactic acidosis, simultaneously 
being less connected to risk factors occurring with 
overweight patients. In many cases it has shown ben-
efi ts by reducing the body weight (4,5).  

Besides those mechanisms related to the treat-
ment of diabetes type II and insulin resistance, its 
mechanisms in diff erent conditions represent the 
objective of the research within many studies in last 
couple of decades. Numerous studies have shown that 
metformin, besides its basic role in treating insulin re-
sistance, has many pleiotropic eff ects, the anti – carci-
nogenic and anti – aging characteristics among them, 
eff ects in treatment of polycystic ovaries syndrome, as 
well as protection characteristics for cardio – vascular 
and nervous system. Diabetes patients most commonly 
face greatest challenges due to complications happen-
ing as a consequence of impairing the cardio – vascu-
lar system, which may be divided into macrovascular 
complications  (coronary artery disease, peripheral 
artery disease and cerebrovascular disease) and micro-
vascuar complications (nephropathy, retinopathy and 
neuropathy) of which almost around 70% of patients 
die from heart conditions and macrovascular disease in 
their brain. (6).

 Many studies have shown the benefi ts metformin 
has with such patients Th e United Kingdom  Pro-
spective Diabetes Study (UKPDS) was a fi rst study 
conducted in 1998 determining that metformin con-
siderably reduces the death risk and risk of acute myo-
cardial infarction with overweight patients diagnosed 
with diabetes II type. Initial treatment implied the 
metformin dosage of 850mg on a daily basis, which 
doubled afterwards, until the maximum dosage was 
not reached of 2550 mg daily (5). 

Compared to sulfonylurea and insulin therapy, 
metformin effi  ciently reduces the risk of myocardial 
infarction and death (7). A research conducted by 
Roumie at al. 2012. confi rms the statement, since it 

has shown that metformin has less chances to develop 
a cardiovascular disease or death with patients diag-
nosed with diabetes type II compared to sulfonylurea 
therapy. Unlike metformin stimulates pancreatic beta 
cells in a way to synthetie more insulin thus reducing 
glucoses level, which is not done by metformin since it 
uses already syntetized insulin (8).  

Results by Reduction of Atherothrombosis for 
Continued Health Registry (9) indicate that metform-
in, which was used as secondary protection device, was 
related to 24% reduced risk of death with patients 
suff ering from atherothrombosis. Th is research has 
proven that metformin has cardiovascular protection 
eff ects which are not exclusively related to reducing 
level of glucoses in blood (9). According to Summary 
of Product Characteristics, metformin presents the 
contraindication to heart failure (HF) (10). 

However, most recent research proves that met-
formin cannot actually cause a distinguished lactic aci-
dosis and can be used with patients having early signs 
of HF (11). 

It is precisely due to these discrepancies in results 
when it comes to contraindication of metformin in 
heart diseases why numerous research have been con-
ducted to explain thoroughly the eff ects of metformin, 
and to determine whether it presents a safe choice in 
treatment of  patients with diabetics who besides that 
issue face a cardiovascular issue, while those for HF are 
most emphasized. 

Generally, eff ects of metformin on cardiovascular 
system are diff erent. It primarily reduces the level of  
low-density lipoprotein (LDL) holesterol by activat-
ing adenosine monophosphate kinase (AMPK) thus 
improving the metabolism of lipoproteins (12). Met-
formin infl uences the reduction of weight by reducing 
the feeling of hunger, which results in lesser introduc-
tion of food generally (13). One of the most recent 
meta studies indicates that metformin may eff ectively 
lower systolic blood pressure with patients who are not 
patients with diabetes (14). One of the explanations 
for this mechanism may be that metformin, by reduc-
ing insulin in blood, deactivates adrenergic receptors. 
Metformin also reduces the concentration of calcium 
in cytoplasm whilw inhibiting sympathetic nervous 
system in situations when the amount of salt intro-
duced is higer and increases glomerular fi ltration and 
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excretion (15). Previously explained eff ects may lead to 
a conclusion that it reduces oxidative stress as well as 
stimulates the function of epithelial cells (16, 17). 

Some of the mechanisms by which metformin 
has the effects onto cardiovascular system and its 
diseases 

Glucoses and FFA Metabolism 

With a damaged heart, activation of metabolic 
pathways controlled by AMPK (activated by met-
formin) in cardiomyocytes is a mechanism enabling 
adaptation in conditions when the total energy has 
been reduced (18,19). Most research has been devoted 
to exploring the factors infl uencing the phosphofruc-
tokinase 1 (PFK – 1). Levels of AMP, ADP and non 
– organic phosphorus are the allosteric activators of 
PFK – 1, while its inhibitors are ATP, citrate and h+ 
ions (18). AMPK activates PFK -2 which leads to in-
creased concentration of fructose 2, 6 – bisphosphate 
which is also one of PFK -1 activators being produced 
in cardiomyocytes (Figure 1) (20). AMPK activated by 
metformin leads to translocation of glucose transport-
er type 4 (GLUT-4) within cardiomyocyte membrane 
and performs the acceleration of glucose binding by 
insulin (18,21). 

In vitro studies have shown that by adding met-
formin to an incubated medium, increased absorption 
of glucose happens since it stimulates phosphoinositide 
3-kinase (PI 3 – K) – protein kinase B/Akt pathway 
and AMPK activation (20).Th is positive eff ect has 
been noted with cardiomyocytes that are resistant to 
insulin and with those that had normal sensitivity 
thereon (22). Consequently, it can be concluded that 
in patient with diabetes that face heart issues, which 
then causes deteriorated usage of glucose, metformin 
may help improve its usage. 

In these patients (type II diabetics with heart 
damage), due to increased production of energy 
through intensifying oxidation of glucose, inhibition 
of β oxidation of fatty acids may occur thus leading 
to accumulation of free fatty acids (FFA) in cardio-
myocytes and cardiac steatosis (excessive accumulation 
of lipid in heart cells) (20). Research have shown that 
overweight patients with diabetes type II have high-

er level of triglycerides in heart compared to healthy 
people, even with no symptoms of left atrium impair-
ments (23). Th is is exactly why the issue of metformin 
in therapy for heart disease patients is disputable. 

On the other hand, many in vitro research have 
shown that small quantities of metformin do not de-
teriorate the condition of heart diseases, but rather 
protect heart muscles from apoptosis caused by fats 
(20). However, high concentration of metformin may 
increase the number of cells which due to FFA accu-
mulation start the process of apoptosis (24). In in vivo 
studies, chronic usage of metformin reduces FFA level 
in plasma and increases their oxidation in cardiomyo-
cytes that do not belong to patients with diabetes (25). 

Figure 1. Regulation of PFK activity in heart failure.ADP, adeno-
sine diphosphate; AMP, adenosine monophosphate; AMPK, AMP 
activated protein kinase; ATP, adenosine triphosphate; PFK-1, phos-
phofructokinase 1; PFK-2, phosphofructokinase 2; and Pi, inorganic 
phosphate. Circles with “+” and “−” represent stimulatory and inhibitory 
eff ects, respectively. ¯ and - represent increase and decrease in the con-
centration of specifi c compound, respectively. (20)

Inhibition of protein synthesis 

In vitro studies have shown that the activation 
of AMPK protects hearth muscles from hypertrophy 
by inhibiting the synthesis of protein (26, 27). It has 
been determined that there are two key pathways in 
the synthesis of protein: eEF – 2 (eukaryote elonga-
tion factor 2) and p70S6 (ribosomal protein S6) kinase 
path (27). eEF – 2 regulates the movement of ribo-
somes along the mRNA through the process of elon-
gation (28), while p70S6 kinase phosphorylases eEF-2 
kinase (29) and ribosomal protein S6 (30). Chan and 
associates (27) have proven that by activating AMPK 
by metformin, it inhibits the synthesis of protein by 
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increasing the levels of phosphorilated inactive eEF-2 
proteins and reduces the phosphorylation p70S6 ki-
nase, which leads to activation of eEF – 2 kinase as 
well as to the inhibition of ribosomal S6 protein (26). 

Improving the functions of mitochondria 

Another mechanism explaining the benefi ts of 
metformin is the improvement of the function of mi-
tochondria in cardiomyocytes. By activating AMPK  
phosphorylation and expression of endothelial nitric 
oxide synthase (eNOS) and PGC - 1α peroxisome 
proliferator-activated receptor gamma coactivator 
1-alpha (PGC-1α) in an experiment carried out in 
mice during 4 – week time, small dosage of metformin 
considerably improved the operation of left ventricle 
and a survival of the animals for 47% (31). eNOS and 
PGC-1α are important regulators of biogenesis and 
functions of mitochondria and their activation im-
proves the oxidative metabolism in cardiomyocytes by 
increasing the synthesis of ATP and returns the nor-
mal relation of its oxidation and synthesis (32, 33). 

Synthesis of collagen and glycation 

In patients suff ering from diabetes, the most im-
portant mechanism leading to the damage of the heart 
is an interstitial accumulation of collagen and process 
of glycation (non-enzymatic reaction causing covalent 
attachment of protein or lipid molecules to sugar mol-
ecules, fructose or glucose without enzymes) and met-
formin may inhibit both processes (34). 

In periclinical research carried out on mice that 
had an issue with increased blood pressure in left ven-
tricle, the results achieved showed that metformin in-
hibits the synthesis of collagen in myocardium, which 
then results in reduction of the size of left ventricle 
and considerable reduction of diastolic pressure there-
in (20). Th e way metformin achieves this is by inhibi-
tion of synthesis of transforming growth factor (TGF) 
- β1 in myocardium. 

Whereas for the non – enzymatic glycation, it 
may cause various structural and functional disorders 
in the heart of patients with diabetes (20). Th is pro-
cess leads to binding of carbonyl groups from sugar for 
free amino groups from proteins or for nucleic acids or 

phospholipids (36, 37), which results in creation of re-
active compounds (glyoxal, methylglyoxal, etc.) which 
in the end covalently binds for the proteins, thus form-
ing glycation end products advanced glycation end 
products (AGEs) (38). Th ese products do not dissoci-
ate and are permanently accumulated in proteins such 
as collagen in myocardium and in blood vessels which 
increases its callosity thus disrupting their usual work 
(Figure 2) (37,39).  

Collagen glycation increases its resistance for the 
dissolution by enzymes, which leads to its accumula-
tion and fi brosis (formation of excess of connective tis-
sue) (40-42). Metformin has the capacity to inhibit the 
creation of AGEs by neutralizing reactive compounds 
that are created in the process, by binding the guanine 
group for α- dicarbonyl group of methylglyoxal (20).

Figure 2. Maillard reaction. Carbonyl groups of glucose respond with 
amino gatherings of proteins (both in dabbed outlines) to frame Schiff  
bases (yellow) which at that point are unexpectedly changed over to 
Amadori items (yellow). Th em two add to development of low atomic 
weight receptive dicarbonyls (middle of the road items, green) which tie 
to proteins framing advacned glycation fi nal results (AGEs, red). Con-
sistent and spotted bolts speak to one-and various advance responses, 
individually (20).

iNOSactivity and transport of Ca2+

Th ere are three isoform of NO – synthase (NOS) 
in the heart tissue: endothelial (eNOS), neural NOS 
(nNOS) and inducible NOS (iNOS) (20). Th e eNOS 
is located in endothelial cells and cardiomyocytes and 
is key source of molecules of nitrogen – monoxide; 
nNOS is located in cardiomyocytes while the exist-
ence of iNOS is found in immune system cells, car-
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diomyocytes and activated fi broblasts (43). Increased 
expression of iNOS is considered to be the cause of 
development of diff erent complications in muscle tis-
sue such as congestive heart insuffi  ciency (the condi-
tion of insuffi  ciency when greater quantity of blood 
reaches the heart than the heart can actually pump) 
(44). Too high synthesis of NO molecule caused by 
iNOS contributes to the deterioration of systolic and 
diastolic pressure in left ventricle (20). Compared to 
eNOS which synthetizes small nanomolar quantities 
of nitrogen – monoxide, iNOS produces nitrogen – 
monoxide in micromolecular concentrations, which is 
suffi  cient for the disorders in heart (45). 

High concentrations of NO via secondary mes-
senger cyclic guanosine – monophosphate (cGMP), 
activate protein kinase G (PKG) and cGMP – acti-
vated phosphodiesterase; PKG further blocks L-type  
Ca2+ ion channels and reduces the density of calcium 
in cell cytosol, while phosphodiesterase uses cAMP 
(46). Th ese changes, happening because of the increase 
in nitrogen – monoxide molecules by the activities of 
iNOS, reduce intracellular density of Ca2+ and cAMP 
density which contributes to myocardial contraction, 
fi nally leading to serious impairments of myocardia, 
since these conditions may initiate the process of cell 
apoptosis (46, 47). 

iNOS activity is regulated by genetic expres-
sion mainly of the proinfl ammatory cytokine such as 
inteleukin-1β (IL-1β) but also of the lipopolysaccha-
ride induction iNOSmRNK expression in macrophage 
(20,48). Metformin inhibits both activators. In vitro 
studies have shown that  metformin inhibits IL-1β in 
activated macrophages through AMPK activity.  (49). 
Besides, metformin also inhibits TGF-β1 which is the 
main growth factor and causes the occurrence of fi bro-
sis in cardiovascular system of myocardia (50). 

Apoptosis 

Apoptosis is one of the basic mechanisms useds 
to express its pleiotropic eff ects, most commonly lead-
ing to initiation of this process, especially if we talk 
about cancer cells. However, speaking of apoptosis 
with cardiovascular diseases, we actually focus on the 
capacity of metformin to inhibit this process in car-
diomyocytes. Sasaki and associates established that 

metformin inhibits the process of apoptosis during the 
incubation of cardiomyocytes with hydrogen peroxide 
(H2O2) (19). In one of the in vivo studies carried out 
on dogs who had heart problems, metformin showed 
positive results in reduction of the number of dead car-
diomyocytes, as well as the improvements in the works 
of left ventricle; this is explained by AMPK dependent 
mechanism of metformin, consequently activating the 
eNOS  expression,  thus resulting in the increased NO 
synthesis (19). 

Metformin therapy for HF (heart failure)

Numerous research have shown that metformin 
may improve the HF condition. Hence, in the study 
carried out with patients having heart insuffi  ciency and 
type II diabetes, metformin, either as a monotherapy or 
in combination with sulphonylurea, has demonstrated 
a signifi cant reduction in the number of deaths and 
hospitalization when compared to therapy consisting 
only of sulphonylurea alone (51). Metformin has prov-
en, both in monotherapies and poly therapies, to be 
a better solution when compared to traditional treat-
ment that implied, besides other things, the change of 
a diet and generally a lifestyle, even when prescribed 
in greater quantity (20). Th e eff ect of metformin in 
research has been independent of glycemic index and 
total body weight (52).

Nevertheless, regardless of numerous evidence, 
metformin is not recommended to patients suff ering 
from both diabetes and heart insuffi  ciency due to the 
risk of lactic acidosis (20). However, there are still no 
clinical studies clearly indicating the connection of 
metformin with lactic acidosis, but it is mainly con-
sidered that the latter one represents a condition that 
occurs as a result of diff erent illnesses and the risk of its 
occurrence is not considerably changed depending on 
whether the metformin is used or not (51, 53). 

Conclusion 

Based on the data presented, it may be concluded 
that metformin has a positive eff ect on protection of 
cardiovascular system. It has the capacity to either im-
prove many impairments or to prevent their further 
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deterioration. Although it is not recommended in pa-
tients with HF due to the risk of lactic acidosis, the 
results showing that metformin is not a direct cause 
and usage does not increase the risk actic acidosis com-
pared to other medicines against hyperglycemia. Met-
formin is actually recommended as a fi rst medicine of 
choice with patients with diabetes type II and those 
having heart insuffi  ciency, but also with those who  do 
not have diabetes. 
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