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Metformin – the old drug with new therapeutic possibilities

Abstract

Introduction. Metformin is an oral antidiabetic drug from the biguanide group, popularly referred as an aspirin of the 21st 
century. The therapeutic targets of metformin are expanding. It is characterized by antineoplastic, immunoregulatory, anti-aging 
and neuroprotective properties. We aimed to evaluate the pleiotropic effects of metformin, taking into account its different mecha-
nisms, efficacy and safety in contemporary public health challenges.

Material and methods: We conducted the literature review from 2014 to 2024 using the PubMed and Google Scholar.
Results: Metformin, depending on the cancer and its stage, enhances the cancer treatment effects, prevents the drug resistance, 

lengthens overall time of survival, reduces the risk of recurrence. In the Parkinson’s disease, Alzheimer’s disease and depres-
sion metformin can even increase the risk of their occurrence, especially in high doses. Such doses predispose to the cobalamin 
deficiency, affecting the functioning of the nervous system. Metformin was effective in seizure control of epilepsy. It has positive 
impact on the course of some autoimmunological diseases. Among diabetics treatment, outcomes of COVID-19 and tuberculosis 
could be improved by metformin.

Conclusions: Metformin is pluripotential drug. Possibilities of adjuvant metformin therapy are very promising, but it cannot 
be recommended as standard treatment. This issue requires further investigation, preferentially randomized controlled trials on 
the bigger research samples.

Keywords: metformin and therapy, metformin and treatment, metformin and advances.

It is worth noting that the therapeutic targets of metform-
in are expanding [2]. Researches indicate that metformin is 
characterized by antineoplastic, immunoregulatory, anti-aging 
and neuroprotective properties [11-14]. This biguanide may 
also affect the following infectious diseases: COVID-19 and 
tuberculosis [13]. Stopping the spread of infectious diseases 
constitutes one of the urgent health challenges for the World 
Health Organization in the next years. Global increase in the 
number of non-communicable diseases, including cancers and 
autoimmunological diseases, is also a serious problem of pub-
lic health.

AIM 

Thus, we aimed to evaluate the pleiotropic effects of met-
formin, taking into account its different mechanisms, efficacy 
and safety in contemporary public health challenges.

MATERIAL AND METHOD

We conducted the literature review using the PubMed and 
Google Scholar. We analysed reviews, systematic reviews, 
meta-analyses, randomized controlled trials, clinical tri-
als, and observational studies published from 2014 to 2024.  

INTRODuCTION

Metformin is an oral antidiabetic drug from the biguanide 
group. Initially it was used to treat type 2 diabetes at the end of the 
1950s and presently it still remains a drug of the first choice [1-3]. 
Metformin is popularly referred as an aspirin of the 21st century 
due to its widespread use in the diabetes - civilization disease [4].  
It is a safe, well-tolerated, cheap drug and effective in lowering 
glycemia without a significant risk of hypoglycemia [5-7]. The 
most common dose-dependent side effects of metformin include 
gastrointestinal symptoms: diarrhea, nausea, vomiting, flatulence 
and abdominal pain. These symptoms can occur especially when 
metformin is used for the first time or when the dose is high. That is 
the reason why metformin should be prescribed with the low dose, 
increased gradually. Long-term use of metformin may also cause 
vitamin B12 (cobalamin) deficiency resulting from malabsorption. 
The most serious adverse effect, but rare, is lactic acidosis [2,7-9].

The major glucose-lowering effect of metformin is the inhibi-
tion of hepatic gluconeogenesis with minimal impact on peripheral 
insulin-mediated glucose uptake. Metformin also sensitizes periph-
eral tissues (muscle tissue, adipose tissue) to the action of insulin. 
It alternates the intestinal microbiome and increases glucose utilisa-
tion. Metformin may also have impact on glucose metabolism by 
increasing glucagon-like peptide-1 (GLP-1) secretion [5,6,10].
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The following keywords were used: „metformin and therapy”, 
„metformin and treatment” and „metformin and advances”.

On the grounds of this review, we distinguished the new po-
tential therapeutic targets of the metformin: cancers, neurolog-
ical diseases, autoimmunological diseases, infectious diseases.

RESuLTS

Cancers and metformin
Many studies confirm the relationship between diabetes and 

increased risk of developing various cancers. This risk is par-
ticularly higher in case of pancreatic, liver, endometrial, breast 
and colorectal cancers [12]. Therefore, there is an interest in 
the use of metformin for the treatment of various cancer dis-
eases [2].

The mechanisms of metformin’s anticancer properties are 
complex and result from both direct and indirect effects. In-
sulin and insulin-like growth factor 1 (IGF-1) stimulate epi-
thelial cells proliferation and may therefore promote tumor 
formation. Metformin decreases insulin levels and in this way 
reduces the risk of carcinogenesis process. It also has anti-in-
flammatory effects by blocking the activity of a transcription 
factor (NF-κB). Thus, inflammatory processes are important in 
progression of cancer. On the other hand, the direct anticancer 
effect of the metformin results from the activation of the AMP-
activated protein kinase (AMPK) pathway and thereby inhibi-
tion of the main regulator of cells’ growth and proliferation, 
mTOR. Moreover, it inhibits cellular DNA damage, prevent-
ing the production of free oxygen radicals [11,12].

Breast cancer is the most prevalent cancer and the main 
cause of cancer-related death of the women. In the breast can-
cer, metformin can enhance the cytotoxic treatment effects and 
prevent the drug resistance [15,16]. A study proved that com-
bination therapy of heme and metformin in the triple negative 
breast cancer (TNBC) inhibits tumor growth [17]. TNBC is 
characterized by the most adverse prognosis, invasiveness and 
ability to metastases. Moreover, it was found that metformin 
has an impact on decline in lymph node plasma cell prolif-
eration and tumor angiogenesis in TNBC. In the cancers with 
the HER-2 overexpression, the drug reduces this expression 
in in vitro models [15]. Evidence for the biological effects of 
metformin in vivo includes up-regulation of tumor pAMPK 
and suppression of responses, reflecting its cytostatic proper-
ties [18].

There is a strong relationship between obesity and in-
creased risk of endometrial cancer, what results from impaired 
estrogen and insulin regulation. Metformin has been shown to 
have anti-estrogenic effect on endometrial cells [19]. Endome-
trial cancer often precedes atypical endometrial hyperplasia as 
a precancerous lesion. Based on metanalysis, adjuvant met-
formin supported the regression of atypical endometrial hyper-
plasia to histologically correct endometrium and reduced cell 
proliferation biomarkers associated with tumor progression. 
In endometrial cancer, patients taking metformin had longer 
overall time of survival. Metformin also reduces the risk of 
endometrial cancer recurrence.

Colorectal cancer is the most prevalent among digestive 
system cancers and its incidence has been decreasing [20]. 
Metformin treatment inhibits aberrant crypt foci and polyp 
formation [21]. What is more, increasing data indicate a poten-
tial chemopreventive effect of metformin to colorectal cancer 

[22]. Scientific data suggest that metformin therapy may be 
associated with a decreased risk of colorectal adenomas and 
colorectal cancer in patients diagnosed with type 2 diabetes 
[23]. Potential mechanisms include: ameliorating intestinal 
inflammation and dysbiosis, suppressing major proliferative 
pathways, preventing DNA replication, accelerating tumor 
cells apoptosis, inhibiting intra-tumor angiogenesis [16,24].

Pancreatic ductal adenocarcinoma has the very bad progno-
sis [25]. In pancreatic cancer sulfonylureas that induce hyper-
insulinemia increase its risk but metformin that prevent hyper-
insulinemia and insulin resistance is thought to have positive 
impact on this cancer [26]. Metformin is associated with en-
hancing survival in pancreatic cancer patient with diabetes 
mellitus but it depends on the tumor stage [3,27,28].

Melanoma is the most aggressive form of skin cancer. Cur-
rently, ipilimumab and nivolumab are available in therapy of 
melanoma, but about 50% of patients do not respond to this 
treatment. It has been proved that metformin induces cell cycle 
arrest in melanoma cells in the G0-G1 phase and also causes 
autophagy and apoptosis in melanoma cancer cells [16,29]. 
There are trials that confirm efficacy of metformin in achieving 
better clinical outcomes in patients with melanoma [30,31].

Lung cancer divides into two types: small cell lung can-
cer (SCLC) and non-small cell lung cancer (NSCLC). Studies 
announced that both in patients with SCLC and NSCLC and 
diabetes mellitus type 2, treatment with metformin improved 
overall survival [32,33]. However, in nondiabetic patients with 
advanced NSCLC, metformin combined with antineoplastic 
drugs has been shown to improve disease control rate, but 
there was no improvement in long-term prognosis [34]. Met-
formin also may be associated with lower risk of lung cancer 
[35-37].

Neurological diseases
Another issue related to the extremely wide use of metform-

in in medicine is its impact on neurological diseases. Among 
them we can distinguish: multiple sclerosis (MS), Parkinson’s 
disease, Alzheimer’s disease, Huntington’s disease, epilepsy, 
depression and others [2,38].

The anti-aging effect of metformin needs to be emphasized in 
the context of neurodegenerative diseases. Metformin extends 
lifespan in humans, mice and nematode Caenorhabditis elegans 
by changing microbial folate and methionine metabolism, but 
this effect is not seen in older worms, fruit fly and rats [39-41]. 
It is hard to explanate mechanism of this observation, however 
it may result from different patterns of aging in organisms [41].

The Alzheimer’s disease is the most common neurodegen-
erative disease. Diabetes mellitus type 2 increases risk of the 
Alzheimer’s disease [42,43]. Metformin inhibits aggregation 
of amyloid beta by increasing the activity of the insulin-de-
grading enzyme and neprilysin levels. Metanalysis showed 
that metformin did not decrease the risk of the Alzheimer’s 
disease. In Asians it may even increase the risk [44]. Another 
metanalysis did not confirm this conclusions and indicate on 
neuroprotective properties of metformin [45,46].

Studies also show that type 2 diabetes mellitus increases 
the risk of the Parkinson’s disease [42]. In the Parkinson’s dis-
ease metformin decreases the expression of α-synuclein and 
the total of α-synuclein positive cells, diminishes the loss of 
dopaminergic neurons [12]. However, based on metanalysis, 
metformin did not change the risk of the Parkinson’s disease 
[47]. Moreover, it may increase the risk of the Parkinson’s dis-
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ease development [48]. It was established that deficiency of 
vitamin B12, potential adverse effect of long-term metformin 
therapy may worsen Parkinson’s disease course [49].

Multiple sclerosis (MS) is a demyelinating neurodegenerative 
disorder [50]. Differentiation of oligodendrocyte progenitor cells 
to oligodendrocytes decreases with age. Nevertheless, metformin 
can reverse this process and enhance oligodendrogenesis [51]. 
Oxidative stress accelerates the demyelination process, but add-
ing metformin to MS therapy has an influence on oxidative stress 
marker and reduces inflammation [50]. Moreover, metformin 
treatment improves spatial memory in a rat MS model [52].

People with diabetes mellitus are at higher risk of develop-
ing epilepsy [53]. Epilepsy predisposes to the development of 
diabetes due to increased cortisol release [54]. In preclinical 
studies metformin was effective in seizure control of epilepsy 
[55]. AMPK activation by metformin, dysregulated in epi-
lepsy, improved induced status epilepticus in rats. Metformin 
delays epilepsy onset, reduces neuronal loss in the hippocam-
pus by improving the expression of brain-derived neurotrophic 
factor, prevents cognitive impairments, attenuates post-ictal 
depression [56]. It reduces α-synuclein and increases protein 
phosphatase 2A with modulation of neuroinflammation [54]. It 
has been even shown that metformin was effective in treating 
temporal lobe epilepsy which is the most common resistant 
form of epilepsy [54].

Huntigton’s disease is neurodegenerative, hereditary disor-
der caused by an expansion of CAG repeats in the HTT gene. It 
has been found that metformin protects cells against the toxic-
ity of the mutant Huntingtin protein and reverse symptoms as-
sociated with Huntington’s disease, improves cognitive func-
tion. The metformin treatment should be introduced at a very 
early stage to significantly influence the disease. Then gene 
suppression has a more stable effect on phenotype [57,58].

Diabetes and depression often co-occur together. It was ob-
served that metformin reduces the incidence of depression and 
alleviates depression, depending on the dose [59,60]. Lower 
doses correlated with lower risk of depression, especially in 
patients with glucose metabolism disorders. Contrary, higher 
doses of metformin increased this risk. It may be associated 
with side effect of metformin, more precisely cobalamin defi-
ciency which is a risk factor of depression [61,62]. The mecha-
nism of action of metformin is based on modifying abnormal 
glutamatergic transmission [63]. Inflammation and oxidative 
stress, processes influenced by metformin, also play important 
role in depression [64].

Autoimmunological diseases
Metformin has been proved to support treatment of many 

popular autoimmunological diseases. Studies have shown that 
metformin can have impact on immunopathological mecha-
nisms associated with systemic autoimmune diseases by in-
terference into T helper regulatory cell balance, macrophage 
polarization, germinal center formation, autoantibody produc-
tion, cytokine secretion [65].

One of such autoimmunological diseases is Hashimoto’s 
thyroiditis. In animal model metformin reduced thyroid globu-
lin antibodies and lymphocyte infiltration in thyroid tissue. In-
testinal flora, what is different from healthy individuals, also 
altered after metformin therapy [65]. What is more, impact of 
levothyroxine on thyroid autoimmunity and hypothalamic-pi-
tuitary-thyroid axis activity is stronger in the group of patients 
receiving metformin [66].

Rheumatoid arthritis is a chronic, progressive, systemic in-
flammatory disease that can have impact on patient’s quality of 
life and lead to serious complications [67]. Metformin reduces 
cartilage degradation and inflammatory process, protects bone 
tissue thanks to its immunomodulatory properties [68]. In the 
randomized controlled trial metformin enhanced the anti-rheu-
matic effect of methotrexate [69]. Adding metformin to con-
ventional synthetic disease modifying anti-rheumatic drugs 
decreased inflammatory parameters CRP and adiponectin lev-
els [67]. The risk of rheumatoid arthritis is also reduced due to 
metformin therapy [68].

Systemic Lupus Erythematosus (SLE) is a chronic inflam-
matory disease, affecting potentially many organ systems. 
Based on randomized controlled trial metformin reduced exac-
erbations of the SLE in patients with low disease activity [70]. 
It might be an adjuvant therapy in achieving treatment targets 
in SLE patients [71]. This biguanide combined with abatacept 
decreased the development of lupus nephritis in animal model 
[72].

Infectious diseases
It is conceivable that metformin as an immunoregulatory 

drug is effective in some infectious diseases. The effective-
ness of metformin has been studied in relation to COVID-19 
disease. COVID-19 treatment is a serious challenge for medi-
cal staff. Hyperglycemia in the course of diabetes and obesity 
are associated with a more severe course of the disease [40]. 
Metformin did not prevent the hypoxemia, hospitalization or 
death associated with COVID-19 [73]. Contrary, treatment 
with metformin glycinate reduced the viral load in patients 
with COVID-19 [74]. Outpatient treatment with metformin 
reduced long COVID-19 incidence among patients with over-
weight or obesity [75].

Metformin decreases risk of active tuberculosis and mortal-
ity due to tuberculosis among patients with diabetes. Metform-
in enhance phagocytosis and oxidative stress in response to 
Mycobacterium Tuberculosis [24]. According to randomized 
controlled trial, the addition of metformin to standard anti-tu-
berculosis treatment did not accelerate sputum culture conver-
sion. However, it reduced inflammation, what was evidenced 
by improvement in inflammatory markers and faster clearance 
on chest X-ray [76]. Thus, treatment outcomes could be im-
proved by metformin medication among diabetics [77].

CONCLuSIONS

In conclusion, the studies confirm that metformin is pluripo-
tential drug. Despite it is an old drug, its different mechanisms 
of action were discovered over time. Metformin, depending 
on the cancer and its stage, enhances the cancer treatment ef-
fects, prevents the drug resistance, lengthens overall time of 
survival, reduces the risk of recurrence. In the Parkinson’s 
disease, Alzheimer’s disease and depression metformin can 
even increase the risk of their occurrence, especially in high 
doses. Such doses predispose to the cobalamine deficiency, af-
fecting the functioning of the nervous system. It has positive 
impact on the course of autoimmunological diseases, mainly 
Hashimoto’s thyroiditis, systemic lupus erythematosus and 
rheumatoid arthritis. Among diabetics treatment, outcomes of 
COVID-19 and tuberculosis could be improved by metformin. 

Reports about possibilities of adjuvant metformin therapy 
are very promising, but it cannot be recommended as standard 
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treatment. It should be highlighted that diseases, constituting 
therapeutic targets for metformin are associated with serious 
prognosis like cancers, the efficacy of their current treatment 
methods are still insufficient or its prevalence is increasing.  
In the face of public health care problems, research on other 
innovative methods, including metformin therapy, seems to be 
significant and necessary. Possibilities of using the metformin 
as standard treatment require further investigation, preferen-
tially randomized controlled trials on the bigger research sam-
ples.
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