
 

Introduction
 Diabetes mellitus has associations with different metabolic con-
ditions and its growing prevalence worldwide is a cause for concern. 
In 2016, diabetes caused 1.6 million deaths and in 2014, diabetes 
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developed in approximately 8.5% of people who were 18 years or 
above [1]. High blood glucose caused another 2.2 million deaths in 
2012 [1]. It is an economic burden worldwide because it causes a 
broad range of complications and is a main cause of mortality as well 
as morbidity. Diseases such as neuropathy, nephropathy and retinop-
athy result from its long‐term complications [2]. The hormone insulin 
is produced in the pancreas and regulates blood glucose. The majority 
(90% of people) who have diabetes have Type 2 Diabetes mellitus 
(T2DM) [3]. T2DM is caused due to a fault in the action or secretion 
of insulin or both combined and is chronic and gradual [4].

 In T2DM, not enough insulin is produced by the pancreas or the 
insulin produced cannot be used efficiently [1]. This causes elevated 
plasma glucose concentrations or hyperglycemia. The development 
of hyperglycaemia is preceded by years of Insulin Resistance (IR) and 
hyperinsulinemia. Some of the symptoms of hyperglycemia include 
polyuria, polydipsia, quick breathing, fruity breath odor, confusion 
and drowsiness. Hyperglycaemia can seriously damage the nerves, 
blood vessels and many of the body systems over time [1]. There-
fore, maintaining glycaemic control is essential in treating T2DM [5]. 
Some people with T2DM can achieve their target blood sugar levels 
with lifestyle interventions alone however others may need medica-
tion to help manage their levels of blood glucose.

What is Metformin and how does it Work
 The most common medication used for treating T2DM is met-
formin (dimethylbiguanide), an oral antihyperglycaemic agent [6]. It 
is the first line pharmacological treatment for T2DM [7]. Approxi-
mately 380 million patients have diabetes worldwide, out of which 
metformin is used by about 120 million [8,9]. Metformin is derived 
from guanidine found in Galega officinalis [10] and for over forty 
years, it has been in clinical use [4]. Metformin received approval in 
1994 by the US Food and Drug Administration (FDA), as a drug that 
is prescribed for treating diabetes. The American and European guide-
lines recommend metformin therapy in T2DM, in addition to lifestyle 
interventions [11]. The safety profile of metformin is good and it is 
recommended because of its low cost and associated safety [12].

 Metformin is a biguanide and inhibits glucose production in 
the liver, thus lowering levels of blood glucose [11]. In adults with 
T2DM, metformin is used either alone or along with insulin or other 
antidiabetic drugs and lifestyle modifications. A systematic review 
showed that metformin lowers levels of blood glucose after food con-
sumption and also lowers Fasting Plasma Glucose (FPG) in patients 
who have T2DM [13]. Metformin gets absorbed quickly from the 
small intestine and the highest levels of plasma concentration are ob-
served in about two hours [14,15]. The administration of metformin 
30mins before a meal was found to work the best in decreasing post-
prandial hyperglycemia [16]. Metformin improves carbohydrate and 
lipid metabolism and decreases glycaemic parameters considerably 
[17]. A meta-analysis found that metformin reduces FPG levels by 
2.8mmol/L - 3.9mmol/L (50mg/dL - 70mg/dL) and glycated hae-
moglobin (HbA1c) levels by about 1.5% - 2.0% [15]. It suppresses 
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Abstract

 Type 2 Diabetes mellitus (T2DM) needs to be managed with 
medications along with a healthy lifestyle to stabilize levels of blood 
glucose. Metformin is an oral biguanide and a first choice anti-hyper-
glycaemic medication for T2DM. It reduces levels of blood glucose 
by inhibition of glucose production in the liver. Metformin helps the 
body to restore its ability to respond to insulin and is generally a safe 
and effective treatment. Other than glycaemic control, metformin 
also improves insulin resistance, dysfunction of the endothelium, ox-
idative stress, and haemostasis and lipid profiles.

 Metformin can help to avoid complications as a result of high 
blood glucose, such as diabetic nephropathy, neuropathy and ret-
inopathy. Metformin can adversely affect renal functions of T2DM 
patients and chronic kidney disease can develop. The serious side 
effect of lactic acidosis is rare but can develop because metformin 
can accumulate. This review discusses the possible side effects of 
metformin, however patients taking metformin may or may not expe-
rience any or all of them. Metformin should be used carefully in the 
elderly and in patients who have trauma, fever, surgery, heart failure, 
impaired kidney or liver functions. Treatment with metformin should 
be stopped before any type of surgery.
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gluconeogenesis, inhibits glycogenolysis and stimulates glycolysis 
[18]. Metformin also reduces serum free fatty acid concentrations 
[19], improves IR and corrects dyslipidemia.

 Metformin may have protective effects on pancreatic islet cells 
[20]. The Diabetes Prevention Program (DPP) [21] found that over a 
period of 3 years, metformin decreased the progression of diabetes by 
31% in adults who had Impaired Glucose Tolerance (IGT) and also 
improved the functioning of the beta cells [21,22]. However, met-
formin works only when endogenous insulin is present and therefore 
acts when some functional pancreatic islet cells are still remaining 
[23]. Insulin secretion is not stimulated directly by metformin [24], 
however insulin sensitivity is improved by metformin because it en-
hances uptake of glucose in the peripheral tissues and glucose usage 
in the muscle tissues [23,25]. As a result, the amount of lactate in the 
enterocytes increases [26]. Metformin’s actions have been found to be 
less on dipeptidyl peptidase-4, but the levels of plasma glucagon-like 
peptide-1 (GLP-1) are enhanced by it [26].

Formulation & Dosage of Metformin
 Metformin (generic name) is available in different formulations 
such as, tablets, capsules, oral suspensions, oral solutions or mod-
ified-release tablets [23]. Metformin’s availability under different 
brand names include diagemet, bolamyn, glucophage, metabet, gluc-
ient [27], glucophageXR, fortamet and glumetza [28]. Riomet is the 
brand name for liquid metformin [27]. The immediate-release tablet is 
available as the brand-name of glucophage. Metformin by mouth are 
the immediate-release medicines or modified-release medicines [21]. 
At the start, the dosage for immediate-release metformin is 500mg 
two times per day orally or 850mg once per day orally, the mainte-
nance dosage is 2000mg per day in divided doses and the maximum 
dosage is 2550mg per day [29]. For the extended-release, the initial 
dosage is 500 to 1000mg orally once a day and the maximum dosage 
is 2000mg [29]. Adult patients who have the standard-release met-
formin for up to 2g per day, can start with the same daily dosage of 
metformin modified release, however, it is unsuitable if the dosage is 
more than 2g per day for the standard-release tablets [23].

 Metformin does not have a license to be used in children under 10 
years [23]. For children (specialist use only) who are 10-17 years, ini-
tially a 500mg dosage of immediate-release medicines once per day 
is recommended by mouth. The modified-release medicine dose can 
be increased to 2g per day by mouth, which is the maximum if needed 
[23]. For adults, initially 500mg once daily is recommended that can 
be increased if necessary up to 2g once per day [23], except in Poly-
cystic Ovary Syndrome (PCOS). Although metformin does not have 
a license for treating PCOS officially, it is used to treat the condition 
sometimes [23,27]. In PCOS, metformin can be given by mouth using 
immediate-release medicines then 1.5-1.7g per day in two to three di-
vided doses [23]. In premenopausal and anovulatory PCOS patients, 
metformin can cause ovulation. However, the maximum dosage for 
metformin immediate-release medicines in publications and the Brit-
ish National Formulary (BNF) differ from product license because 
differences can exist regarding the licenses of different formulations 
containing the same medicine [23].

The Side Effects of Metformin
 Metformin has proven to be safe and effective and is usually well 
tolerated. However, many patients cannot tolerate the medication due  

to its side effects. Therefore, optimal metformin use requires a clear 
understanding of its side effects and safety [30]. Metformin oral tab-
lets can cause side effects that can be mild or serious [23]. The usual 
side effects include nausea, abdominal bloating, flatulence, vomit-
ing, diarrhoea/constipation, heartburn, headache, agitation, chills, 
dizziness, tiredness, abdominal cramps or pain, loss of appetite, as-
thenia, myalgia, upper respiratory tract infection and an altered or 
metallic taste [23,27]. However, evidence shows that the symptoms 
which are gastrointestinal (GI) [11,31] and symptoms of the digestive 
tract [32] are mostly observed with metformin treatment. GI symp-
toms were confirmed to be more in participants who had metformin 
compared to the ones who had placebo (average 28% versus 16%, 
p=0.01) [33]. The reason for this could be because the microbiome 
within the intestine changes due to metformin [26]. One of the main 
sites of metformin action is the liver, however current research shows 
that metformin also affects the gut due to an association with the 
gut-brain-liver axis. The bile acids in the intestine increase with met-
formin, which can affect the microbiome and as a result, the secretion 
of GLP-1, cholesterol levels and stool consistency are affected [26].

 One study reported that the GI side-effects were linked with met-
formin in approximately 25% of patients and about 5% of patients 
could not tolerate metformin [34]. In contrast, another study report-
ed that although GI symptoms occurred in about 20‐30% of patients 
with metformin, less than 5% of patients needed the medication to be 
stopped [4]. The GI side- effects are usually observed with metformin 
at the beginning and in some patients they can continue, especial-
ly those who are on very high doses [23]. However, GI symptoms 
have been found to decrease over time [35]. The uptake of metformin 
largely depends on the dosage and transporter [26]. Some studies ar-
gue the uptake of metformin and genetic inheritance and variation in 
the transporters can affect its tolerability [36]. Tolerance can be im-
proved by increasing the dose slowly [23]. If GI side effects with stan-
dard initial drug treatment are experienced by an adult with T2DM, 
standard-release metformin should be offered to them as the initial 
drug treatment, with a steady increase of the dose over several weeks 
[7].

 In contrast to the sulphonylureas, hypoglycaemia is not usually 
caused by metformin [6]. However, if metformin is used along with 
insulin or other anti-diabetic medications, low blood glucose levels 
can occur. Additionally, hypoglycemia can occur with increased ex-
ercise, alcohol consumption or not consuming enough food. Some of 
the symptoms of hypoglycemia include hunger, palpitations, trem-
bling, anxiety, sweating, nervousness, irritability, moodiness, dizzi-
ness, headache and blurred vision. Metformin can impair calcium 
intake/absorption [35], cause weight loss or asthenia [37]. Metformin 
causes rare side effects, which include hepatitis, skin reactions such 
as rashes, itching or flushing, decreased vitamin B12 absorption or 
Lactic Acidosis (LA), when it should immediately be discontinued 
[23]. The use of metformin in the long-term had associations with 
vitamin B12 deficiency and anaemia, as reported by the Diabetes Pre-
vention Program (DPP) as well as the DPP Outcomes Study (DPPOS) 
[35]. The risks involved in getting vitamin B12 deficiency due to met-
formin were assessed by the DPPOS. They found that the average 
haemoglobin and haematocrit levels were slightly less in those who 
had metformin treatment in comparison with patients who had place-
bo [35]. Around 30% of people taking metformin experience vitamin 
B-12 deficiency in the long term [38]. Therefore vitamin B12 serum 
concentrations need to be monitored intermittently with long-term  
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therapy in metformin-treated patients. Metformin has been used for 
quite a number of years, particularly in overweight or obese subjects 
with T2DM. In this category of subjects, the levels of blood glucose 
can be hard to manage by using methods that are non‐pharmacolog-
ical. Metformin wasthe first antidiabetic drug that decreased compli-
cations that were related to diabetes and general mortality in T2DM 
patients who were overweight or obese [39]. The improvements in 
glucose control due to metformin are achieved without causing any 
weight gain because metformin is weight neutral or has a weight 
reducing effect [11]. A systematic review found that treatment with 
metformin causes weight loss [13]. However, how metformin is asso-
ciated with weight is not very clear and therefore various reasons and 
explanations for the fluctuations in weight exist. One reason could be 
due to the side effects of the drug, common GI symptoms, a frequent 
upset stomach or diarrhoea, which can all affect food intake nega-
tively. Another reason could be because severe discomfort can make 
people have reduced hunger and eat less, thus leading to consumption 
of fewer calories. However, the Federal Drug Administration (FDA) 
did not approve metformin for losing weight and it is only available 
by prescription.

Cautions & Contraindications
 Metformin has been associated with a rare, metabolic condition 
called Lactic Acidosis (LA), which is very dangerous, often fatal and 
life-threatening [40,41]. Symptoms of LA are not very specific and 
patients can have tiredness, lethargy, weakness, diarrhoea, vomiting, 
nausea, abdominal pain, anorexia, blue or cold skin, chills, muscle 
pain, hypotension, fast or difficult breathing, dizziness, hyperventi-
lation, severe drowsiness, a metallic taste in the mouth or slow or 
irregular heartbeat [31]. Studies have reported that LA occurs because 
of substantial tissue hypoperfusion and hypoxia [42,43]. In LA, blood 
lactate concentrations increase (over 45mg/dl or 5.0mEq/L), the pH 
of blood decreases (below 7.35) and disturbances of the electrolytes 
occur with increased gaps in the anions [13].

 The disease process of metformin-associated LA is not fully un-
derstood. Evidence suggests that metformin prevents the clearance of 
lactate in the liver by stopping the mitochondrial respiratory chain’s 
complex I [44]. With increased levels of metformin, oxidative phos-
phorylation decreases and aerobic metabolism gets converted into 
anaerobic metabolism [45]. The kidneys normally excrete metformin 
however metformin can accumulate if there is renal impairment. This 
leads to increases in metformin concentrations and may lead to LA 
[46]. Increased production of lactic acid may also be caused due to 
haemodynamic instability and/or tissue hypoxia that could be linked 
with a severe overdose of metformin or because of any underlying 
cardiovascular or respiratory conditions. LA can also be caused due 
to a lack of clearance of lactate rather than due to increases in its pro-
duction. In acute metabolic acidosis (which includes LA and diabetic 
ketoacidosis), metformin is contra-indicated [23].

 In the 1970s in the United States, an earlier biguanide known as 
phenformin, was taken off the formulary as it showed risks that were 
associated with LA [47]. Approximately 40‐64 cases of LA were re-
ported per 100,000 patient‐years and were found to have been asso-
ciated with phenformin [4,48]. However, in contrast to phenformin, 
increased oxidation of glucose was observed with metformin without 
causing any significant alterations in the production of fasting lac-
tate in peripheral tissues [49]. Moreover, another study reported that 

metformin is different compared to phenformin regarding its molecu-
lar structure and in pharmacokinetics [50]. Furthermore, the incidence 
of LA was found to be very low in patients who take metformin, in 
contrast to phenformin [51]. Metformin was taken off from the US 
market due to concerns over LA but was reintroduced in 1995, after 
it was proven to be effective and safe in decreasing levels of glu-
cose in the blood [30]. Reports of the true incidence of metformin‐in-
duced LA however are not consistent. However, in metformin users, 
the overall incidence of LA seems to differ across studies from about 
three per one hundred thousand person-years to ten per one hundred 
thousand person-years of exposure [41]. A two-year review of 11,800 
participants who were taking metformin found that only two partic-
ipants had developed LA (incidence: nine patients per one hundred 
thousand person-years) [13], while other studies concluded that met-
formin usage had no associations with LA [39,40,51]. A study con-
ducted in Denmark found that patients who were acutely hospitalized 
with LA had a pH of less than 7.35 and lactate levels of ≥2.0mmol/l 
and the odds ratio after adjustment was 0.79, with a 95% confidence 
interval of 0.54 - 1.17 [40]. Another study emphasized that LA usu-
ally occurs because of drug overdoses, dehydration, heart attack or 
stroke, heavy alcohol consumption, congestive heart failure, serious 
infections, recent surgery, X-rays or other mechanisms of scanning, 
that required an injectable iodinated contrast drug and in people who 
were more than 80 years of age [31]. Metformin has contraindications 
for various hypoxemic, chronic conditions that have associations with 
LA, such as renal [41,52], hepatic or pulmonary diseases and heart 
disease [13]. Impaired renal function can cause metformin to accu-
mulate. A systematic review found that lactate levels did not increase 
much in patients who had CKD which was mild to moderate, with 
their estimated glomerular filtration rate (eGFR) being 30ml/min per 
1.73m2 - 60 ml/min per 1.73m2 [41]. However, data regarding LA 
in CKD are limited. Moreover, there were no randomized controlled 
trials carried out for metformin usage in people with impaired kidney 
function [41]. Therefore, whether the risks of developing LA due to 
metformin treatment in patients with T2DM are increased in compari-
son with other glucose‐lowering treatments, remain debatable. Others 
argue that most of the cases of LA are observed in patients who have 
serious conditions like renal failure, which can cause LA rather than 
metformin [53,54]. Adhering to safe prescribing practices can reduce 
the risks of LA and risks can also be decreased by taking consider-
ation of the precautions and contraindications to avoid metformin or 
lactate accumulating in the body [6]. Patients and their carers should 
be informed of the risk of LA and immediate medical attention should 
be sought if symptoms suchas dyspnoea, abdominal pain, muscle 
cramps, hypothermia or asthenia occur [23]. An extreme lack of en-
ergy, muscle weakness, severe tiredness, slow heartbeat, yellow skin, 
fast/shallow breathing, a general feeling of discomfort, feeling cold, 
pins and needles, sore tongue, mouth ulcers and disturbed vision are 
some of the warning signs [26]. Patients who have chronic heart fail-
ure or when other drugs that can impair renal function are used simul-
taneously with metformin should have their treatments administered 
carefully. Treatment should be interrupted if patients get dehydrated 
and metformin should be avoided in conditions that can cause renal 
functions to worsen or cause tissue hypoxia [23]. In hepatic impair-
ment along with occurrence of tissue hypoxia, metformin should be 
withdrawn completely [23].

 In T2DM, Diabetic Nephropathy (DN) is a microvascular com-
plication [12,55] and accumulation of metformin because of renal 
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insufficiency has been concerning. Some patients who take met-
formin can also be at risk of getting kidney damage. However, met-
formin was found to improve albuminuria in patients who had DN in 
comparison with glibenclamide in one study [56]. Additionally, met-
formin was found to stop the loss of diabetes-induced podocytes by 
preventing oxidative injury in an animal study [57]. However, in pa-
tients who were having metformin, a recent study found that the risk 
of acute kidney injury did not increase by baseline eGFR in compar-
ison with the patients who were not having metformin [58]. Regard-
ing metformin usage, abnormal kidney function is one of the main 
contraindications. The FDA guidelines in early 2016 contraindicated 
metformin usage in men who had serum creatinine levels of 1.5mg/dl 
(133µmol/L) or above and in women who had serum creatinine levels 
of 1.4mg/dl (124µmol/L) or above [7,12]. However others argued that 
serum creatinine on its own does not accurately measure renal func-
tion in patients who are elderly or in others who have a decrease in 
their muscle mass, and therefore eGFR needed to be determined [7]. 
Metformin usage should be stopped for an eGFR value of less than 
60ml/min [7]. Metformin should be prescribed with caution and the 
dose should be reviewed if kidney functions deteriorate all of a sud-
den and in those who at risk of an eGFR lower than 45ml/min/1.73m2 
[7]. Treatment with metformin must be discontinued if the eGFR is 
lower than 30ml/min/1.73m2 [7,59]. In adults who have reduced kid-
ney function, metformin must be avoided if the eGFR value falls to 
lower than 30ml/min/1.73m2 [23]. For patients who have T2DM and 
are on metformin, an eGFR value of more than 30ml/min/1.73m2 is 
indicated currently [23]. Metformin should not be continued in pa-
tients who need iodinated contrast material intravenously or those 
who need to have a surgical procedure until renal functions arestable, 
with normal serum creatinine levels and urine output and without any 
circulatory compromise or fluid overload [7]. In children whose kid-
ney functions are impaired, metformin should be discontinued if the 
eGFR is found to be lower than 30ml/min/1.73m2 [23]. However, the 
doses can be adjusted and in children with moderate impairment, it 
is advised that dose reductions should be considered. In adults with 
moderate impairment, the dose should be reduced [23]. Patient pa-
rameters should be monitored annually. Twice a year renal functions 
needs to be evaluated in patients who start to deteriorate or who have 
other risk factors regarding renal impairment [23].

 In patients who have a diagnosis of Chronic Kidney Disease 
(CKD) as well as T2DM, care should be taken when prescribing met-
formin because it can decrease kidney function and therefore close 
monitoring of renal functions is essential [12]. A study conducted 
in Taiwan found that the eGFR decreased more in patients who had 
T2DM and were on metformin for at least 6 months in comparison 
with participants who stopped metformin usage for approximately 
one hundred days [12]. The retrospective cohort study found that 
metformin treatment in patients with T2DM significantly worsened 
renal functions in patients with T2DM and moderate CKD [12]. 
However, this study had some limitations because firstly, causation 
could not be concluded from the results because the researchers did 
not include randomization, as it was not a clinical trial. Secondly, 
all the confounding factors, for example, duration of T2DM or liver 
disease, were not included in this single-centered study. A previous 
study found that metformin usage in patients who had T2DM and 
advanced CKD had significant associations with enhanced risks of 
all-cause mortality in comparison with participants who had T2DM 
but did not use metformin [60]. This was concerning because reduced  

renal functions in patients who had moderate CKD and were also tak-
ing metformin could have increased risks of getting toxic reactions 
with metformin. However, the FDA revised their warnings in April 
2016, regarding metformin treatment in patients who had impaired 
kidney function and re-defined the renal impairment measurements 
in accordance with eGFR [61]. The revised guidelines specified that 
only in patients who have severe CKD and whose eGFR is lower than 
30ml/min/1.73m2 metformin usage is completely contraindicated. 
Therefore, metformin treatment is allowed in patients with moderate 
CKD, who have an eGFR value of 30-59ml/min/1.73m2 [61].

Drug Interactions, Warnings and Precautions for 
Metformin
 Drug interactions involving metformin that are clinically signif-
icant are not very common [62]. However, a few medications can 
interfere with metformin’s actions. The concentrations of metformin 
can increase if cimetidine, frusemide or nifedipine are also admin-
istered simultaneously [62]. Dosages should be adjusted if a patient 
is on frusemide, prednisolone, oestrogen, progesterone, testosterone, 
contraceptive pills or other diabetes medicines and blood glucose 
levels may need to be checked more often [26]. Some medications 
excreted by renal tubular secretion, such as morphine, quinine, ranit-
idine, digoxin, quinidine, amiloride, procainamide, triamterene, van-
comycin and trimethoprim, may be competing against metformin for 
being eliminated [62]. Therefore, patients who take metformin simul-
taneously with these agents need close monitoring for any toxic reac-
tions [63].

 Some drugs such as contrast media (iodinated), ethanol and iover-
sol have been found to interact seriously with metformin, however all 
possible interactions have not been included in this review. Contrain-
dications include chronic heart failure, Diabetic Ketoacidosis (DKA), 
hypersensitivity, metabolic acidosis with or without coma, myocar-
dial infarction (MI) abnormal creatinine clearance due to shock, sep-
ticemia or severe renal disease. Although MI is an important event 
however, compared with sulfonylureas, it is observed less with met-
formin. Serious allergic reactions to metformin are not very common 
however some inactive ingredients present may cause allergic reac-
tions [31]. It is also possible to have anaphylaxis, which is a serious 
allergic reaction to metformin [26].

 Metformin can be used in pregnancy for both pre-existing and 
gestational diabetes [23]. During pregnancy, it is usually safe to take 
metformin either on its own or when combined with insulin. Studies 
have shown no or minor risks for the usage of metformin during preg-
nancy [23]. However, treatment with metformin should not be contin-
ued in women who have gestational diabetes, after giving birth [23]. 
In women who have pre-existing diabetes, metformin can be used 
during breast-feeding [23]. Although metformin passes into breast 
milk, the amount is very small. There is a lack of sufficient evidence 
on metformin with herbal supplements and remedies. However, this 
review does not cover an extensive list of side effects and others can 
occur. Additionally, people taking metformin may/may not experi-
ence any or all of the above side effects [64].

Conclusion
 In conclusion, stabilizing the levels of blood glucose is the ul-
timate target for the treatment of diabetes, which can be achieved 
with the correct drugs either alone or combined, along with a healthy 
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lifestyle. Metformin is the first line therapy for T2DM and is gener-
ally a safe and effective treatment. Metformin can help the body to 
avoid complications of high blood glucose, such as kidney damage, 
diabetic neuropathy or retinopathy. It correctly metabolizes food and 
restores the body’s ability to respond to insulin. A possible increased 
risk of CVD mortality exists and although rare, the serious side effect 
of LA can occur because metformin can accumulate in the body. This 
review discusses the possible side effects of metformin but everyone 
taking metformin may or may not experience any or all of them. In 
patients who have T2DM, metformin can cause an adverse effect on 
renal function and moderate CKD can occur. Metformin needs to be 
used with caution in patients who have trauma, fever, congestive heart 
failure, surgery, renal or hepatic impairment or in the elderly and met-
formin treatment should be stopped before any type of surgery.
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