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 Abstract 

 Metformin is an insulin-sensitizing agent with anti-hyperglycemic properties that is widely used 

for the treatment of type-2 diabetes. The efficacy of metformin in reducing hyperglycemia is 

well established, and there is emerging evidence that its chronic use is associated with cancer 

and cardiovascular disease (CVD) risk reduction. While the hypoglycemic properties of metfor-

min are largely attributed to suppression of hepatic glucose production and increases in periph-

eral tissue insulin sensitivity, the precise mechanism of the hypoglycemic action of metformin 

remains unclear. There is evidence that metformin use interrupts mitochondrial oxidative stress 

in the liver and corrects abnormalities of intracellular calcium metabolism in insulin-sensitive 

tissues (liver, skeletal muscle, and adipocytes) and cardiovascular tissue. However, the use of 

metformin in patients with kidney disease, a high-risk CVD state, is confounded by confusion 

regarding appropriate concerns about the development of lactic acidosis in this population. 

Thus, we will review current evidence on metformin use for improving CVD outcomes and its 

therapeutic use in kidney disease.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Metformin is an insulin-sensitizing biguanide used to treat patients with type-2 diabetes 
 [1] . Use of metformin may have special benefits in overweight patients with polycystic ovary 
disease as well as those with type-2 diabetes  [1] . Unlike traditional hypoglycemic agents such 
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as sulfonylureas, insulin, and thiazolidinediones, metformin does not increase body weight 
and does not cause hypoglycemia  [1] . In this regard, significant reductions in total body fat 
and visceral fat have been observed in metformin-treated women with preexistent abdomi-
nal or visceral obesity  [2] . This observation is important in the context that excess fat local-
ized to the omental region is a major contributor to insulin resistance and thus is involved 
in the pathogenesis of the cardiorenal metabolic syndrome (CRS)  [3] . The reduction in vis-
ceral adipose tissue may have additional cardiovascular disease (CVD) benefits in insulin-
resistant persons with the CRS treated with metformin  [1, 4, 5] .

  To elucidate the concerns about the use of metformin in patients with reduced renal 
function, it is important to understand the metabolism of this compound. At routine doses 
of 500–1,500 mg, metformin has an absolute oral bioavailability of 50–60%  [6] . The drug is 
not protein bound and therefore has a wide volume of distribution with maximal accumula-
tion in the small-intestine wall. Metformin undergoes no modifications in the body and is 
secreted unchanged by rapid kidney excretion (through glomerular filtration and, possibly, 
tubular secretion). Impaired kidney function slows elimination and may cause metformin 
accumulation, raising concerns regarding lactic acidosis  [7] . However, recent data and re-
views of large databases have suggested an increased use of metformin in those with dimin-
ished renal function with no increase in the occurrence of lactic acidosis  [7–12] .

  Effect of Metformin on Obesity-Related Cardiovascular Morbidity and Mortality 

 In the United Kingdom Perspective Diabetes Study (UKPDS) 34, metformin therapy 
was compared with conventional treatment or treatment with sulfonylurea or insulin  [3] . In 
this trial, which was designed to achieve a fasting glucose  ! 6 mmol/l ( ! 108 mg/dl), newly 
diagnosed obese type-2 diabetics were allocated to receive either metformin or treatment 
with chlorpropamide, glibenclamide, or insulin. During 10 years of follow-up, both groups 
achieved equal degrees of glycemic control. Compared with the conventional treatment, 
metformin-treated patients had a risk reduction of 32% for any diabetes-related end point 
and a 39% risk reduction for myocardial infarction. At the time when the results of this trial 
were published, the differences in myocardial infarction rates in the groups were thought to 
be partially explained by differences in the degree of glycemic control between the metfor-
min group and the control group. Indeed, in the UKPDS 35  [13] , the risk for CVD events, 
stroke, and all-cause death were again closely related to the degree of glycemia in diabetic 
patients. In that study, each 1% reduction in the hemoglobin A1c value was associated with 
a reduction in diabetes-related death, incident myocardial infarction, fatal and non-fatal 
strokes, as well as heart failure. Nevertheless, metformin was more effective than sulfonyl-
ureas or insulin in reducing rates of any diabetes-related end points, all-cause mortality, and 
stroke, even though both agents decreased hemoglobin A1c values equally. These observa-
tions suggest that metformin might have additional CVD and cancer-protective actions be-
yond its hypoglycemic properties.

  Cardiovascular Protective Actions of Metformin 

 Insulin resistance is a cornerstone in the pathogenesis of the CRS and is commonly as-
sociated with hypertension, abdominal obesity, diminished kidney function, atherogenic 
dyslipidemia, and vascular dysfunction, all of which play a significant part in the develop-
ment of accelerated atherosclerosis  [1, 4, 14, 15] . The increased levels of free fatty acids that 
occur in obesity and poorly controlled diabetes contribute not only to the development of 
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insulin insensitivity, but also to increased synthesis and secretion of very-low-density lipo-
protein  [16] . Elevated triglyceride levels inhibit degradation of apolipoprotein B in the liver 
and lead to increased assembly of small, dense, low-density lipoprotein (LDL) particles  [17, 
18] . Excess generation of cytokines and reactive oxygen species (such as peroxynitrates) in 
cardiovascular and kidney tissue in combination with increased non-enzymatic glycation of 
lipoproteins (glyco-oxidation) leads to the formation of atypical glyco-oxidized LDL parti-
cles. These particles bind poorly to classic LDL receptors but have high affinity for ‘scavenger’ 
receptors, which are located predominantly on macrophages. Accumulation of glyco-oxi-
dized small, dense, LDL particles converts macrophages into foam cells, which are essential 
participants in the early steps of atherosclerotic plaque formation.

  Metformin has been shown to have significant beneficial effects on lipid metabolism in 
patients with insulin resistance. Further, several studies have shown that metformin im-
proves the lipoprotein profile in diabetic patients  [14, 15] . Metformin decreases plasma levels 
of triglycerides, very low-density lipoproteins and free fatty acids  [19, 20] , and oxidation of 
free fatty acids by tissue  [21] . Metformin reduces tissue oxidative stress, inflammation, and 
lipid oxidation, in part by lowering plasma glucose levels  [15, 22] . Collectively, these observa-
tions suggest that the beneficial effects of metformin on lipoprotein metabolism may con-
tribute to its protective effects against CVD. Since, unlike other oral hypoglycemia agents 
 [23] , metformin does not cause hypoglycemia, this may further contribute to its CVD ben-
efits.

  Metformin has also been shown to improve alterations in coagulation and fibrinolytic 
pathways in insulin resistance by decreasing levels of plasminogen activator inhibitor-1 and 
increasing tissue plasminogen activator activity  [24–26] . Therapy with metformin also re-
duces the thrombogenic propensity by decreasing levels of tissue plasminogen activator an-
tigen and von Willebrand factor  [27] . In BIGPRO1 (Biguanides and the Prevention of the 
Risk of Obesity study), treatment with metformin was associated with a reduction in plas-
minogen activator inhibitor-1 activity and decreases in von Willebrand factor levels  [27] . 
Furthermore, the observation that metformin therapy results in decreased platelet aggrega-
tion in diabetic patients  [28]  suggests metformin improves hypercoagulability and exagger-
ated platelet aggregation/adhesion in diabetic patients.

  Effects of Metformin on Diabetic Heart Disease 

 Individuals with insulin resistance and diabetes have an increased risk for heart failure 
 [29]  secondary to hypertensive, myopathic and ischemic changes within the myocardium. 
Diabetic cardiomyopathy is characterized by structural changes such as myocardial fibrosis, 
and it is also characterized by functional alterations that lead to impairments in diastolic re-
laxation and ventricular compliance  [30–33] . The observed impaired diastolic relaxation in 
diabetes is related to diminished removal of intracellular ionized calcium ([Ca 2+ ] i ) from car-
diomyocytes after systolic contraction  [31–33] . Treatment of diabetic rats with metformin 
corrects these functional cardiac abnormalities  [33–36] , probably through improvement of 
tyrosine kinase-dependent increases in [Ca 2+ ] i  removal after systole  [33] . This myocardial 
protective action of metformin was shown to be insulin independent. Moreover, treatment 
of spontaneously hypertensive rats with metformin has been reported to decrease heart rate 
(a sympatho-inhibitory effect) more than placebo  [36, 37] . Although these findings are of 
interest, there is little direct clinical evidence of the effect of metformin on the development 
and course of congestive heart failure in diabetic and CRS patients.
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  Metformin and Vascular Reactivity 

 Insulin resistance is associated with endothelial dysfunction that is associated with im-
paired insulin-induced vasorelaxation  [4] . Recently, our group and others have demonstrat-
ed that impairments in insulin metabolic signaling may contribute to increased vascular 
resistance, the hallmark of hypertension in patients with the CRS and type-2 diabetes  [4, 18] . 
Insulin normally acts through the phosphoinositol 3-kinase/protein kinase B (Akt) pathway 
to activate nitric oxide (NO) synthase, enhance sodium pump activity in vascular smooth 
muscle tissue, and increase glucose transport in cardiac and skeletal muscle tissue  [38] . 
Moreover, insulin is responsible for the normal handling of divalent cations in vascular 
smooth muscle, and this function is diminished in insulin resistance  [38] . Impairments in 
insulin action in vascular tissue may result in impaired NO-dependent vascular relaxation, 
decreased sodium pump activity, and increased levels of [Ca 2+ ] i  in vascular smooth muscle 
in patients with type-2 diabetes  [4, 14, 38] . These abnormalities in NO metabolism play a role 
in the vascular resistance that characterizes endothelial dysfunction in insulin resistance 
states such as the CRS and type-2 diabetes  [38] .

  Several reports indicate metformin may have a moderate anti-hypertensive effect in 
animals  [37, 39–41]  and humans  [42] . Potential mechanisms of the anti-hypertensive action 
of metformin are complex and include both insulin-dependent and insulin-independent va-
sodilatory actions. Short-term metformin administration has been shown to increase vascu-
lar smooth muscle cell repolarization and lead to subsequent vascular relaxation  [43]  via a 
reduction in the agonist-induced increase in [Ca 2+ ] i  in vascular smooth muscle cells  [40, 44] . 
This attenuation of [Ca 2+ ] i  responses may be secondary to increased NO production by vas-
cular smooth muscle during exposure to metformin. Indeed, NO has been shown to decrease 
vascular smooth muscle cell [Ca 2+ ] i  responses to vasoconstrictor agonists through activation 
of the cyclic guanosine monophosphate pathway  [45] . Metformin may also reduce [Ca 2+ ] i  by 
increasing the activity of the sodium-adenosine triphosphatase pump and enhancing ade-
nosine triphosphate-sensitive K +  channels  [44–46] . The ability of metformin to stimulate 
sodium pump activity is probably linked to increased lactate production in vascular smooth 
muscle tissue  [46, 47] .

  Even a small elevation in blood pressure significantly increases the risk for myocardial 
infarction, stroke, congestive heart failure and death from CVD in diabetic persons  [48] . 
Therefore, even a minimal reduction in blood pressure during treatment with metformin 
may contribute to a significant decrease in diabetes-related morbidity and mortality. Thus, 
in addition to its beneficial metabolic effects, the blood pressure-lowering effects of metfor-
min may be important in reducing CVD risk in patients with CRS and diabetes mellitus.

  Use of Metformin in Chronic Kidney Disease 

 As noted earlier, metformin is a biguanide related to phenformin, which was removed 
from the market in 1977 due to several cases of fatal lactic acidosis. Metformin is renally 
cleared and excreted in the urine, and there is concern that decreased renal clearance can 
lead to toxic levels. Therefore, many physicians discontinue its use whenever there is any in-
crease in serum creatinine, and it is currently contraindicated in patients with serum cre-
atinine levels  1 1.4 mg/dl in women and  1 1.5 mg/dl in men. However, phenformin has a 
chemical structure substantially different from that of metformin. Unlike metformin, phen-
formin can impair oxidative phosphorylation in the liver, thereby increasing lactate produc-
tion by anaerobic pathways  [49–51] . In contrast to phenformin, metformin inhibits hepatic 
gluconeogenesis without altering lactate turnover or lactate oxidation  [51] . Studies in rats 
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with doses equivalent to high doses in humans showed no elevation in lactate levels in con-
trast to high lactate levels with phenformin administration. Thus, the concern about the de-
velopment of lactic acidosis with metformin therapy is likely overblown.

  Risk of Lactic Acidosis 

 In two recent Cochrane database analyses, metformin therapy was associated with lactic 
acidosis only when there was an underlying condition such as hypotension, hypoxemia, 
acute kidney injury, or cirrhosis  [49, 50] . However, lactic acidosis (pH  ! 7.37 and/or plasma 
lactate levels  1 4 mmol/l) continues to be discussed in the literature  [52]  even though the ab-
solute risk appears to be low, with incidence rates of lactic acidosis associated with metformin 
use ranging from 1 to 16.7 cases per 100,000 patient-years  [52–55] . In the Cochrane analysis, 
investigators have identified all trials and cohort studies conducted between 1959 and 2002 
and have not found a single case of lactic acidosis in 36,893 person-years of metformin ex-
posure  [10, 49, 50, 55] . Further, in 49 individual cases of lactic acidosis associated with met-
formin use, overall mortality was not found to correlate with plasma lactate concentrations 
 [56] . In this same study, circulating metformin concentrations were three times higher in 
those who survived. It was observed that in subjects who developed fatal lactic acidosis, there 
were acute co-morbidities predisposing to lactic acidosis. These compelling data suggest that 
lactic acidosis may be coincidental rather than causally associated with metformin use.

  Several studies have shown no increase in the frequency of lactic acidosis provided that 
the dosage is adjusted appropriately in patients with impaired renal function  [50] . In a meta-
analysis of 347 studies in type-2 diabetes mellitus with 70,490 patient-years in the metformin 
group and 55,451 patient-years in the non-metformin group, there was ‘no evidence that met-
formin is associated with an increased risk of lactic acidosis or with increased levels of lactate 
compared to other anti-hyperglycemic treatments’. Among 50,000 patients with type-2 dia-
betes mellitus in the UK General Practice Research Database, 6 cases of lactic acidosis were 
identified  [11] . The crude incidence rate in cases per 100,000 patient-years was 3.3 for patients 
taking metformin and 4.8 for those taking sulfonylureas. The authors largely concluded that 
the incidence of lactic acidosis in patients with diabetes does not appear to be influenced by 
the use of metformin, and the relevant co-morbidities known as risk factors for lactic acido-
sis could be identified in all cases. Similarly, in a review of all reported cases of ‘metformin-
associated lactic acidosis’ from May 1995 through January 2000, 22 patients met the criteria 
for lactic acidosis  [56, 57] . Plasma metformin concentration was measured in only 4 and was 
normal in 1 patient. The most common precipitating cause of lactic acidosis was acute renal 
failure. None of the 10 deaths in this cohort was directly related to the metformin therapy 
 [57] .

  Understanding Renal Clearance of Metformin 

 In a few studies, measurements of the renal clearance of metformin have been reported. 
Following administration of a single 850-mg tablet of metformin hydrochloride, renal clear-
ance in 12 elderly healthy subjects was 35–40% lower than in 6 young healthy adults  [56, 58] . 
In 15 adults with varying degrees of chronic kidney disease (CKD), renal clearance was com-
pared between the 6 young and 3 middle-aged subjects. Those with mild renal impairment 
had clearance decreased by 23–33%, while the decrease was 74–78% in those with moderate-
to-severe renal insufficiency. In another study  [59] , 26 patients aged 70–88 years with poor-
ly controlled type-2 diabetes mellitus were given 850  or 1,700 mg metformin dependent on 
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creatinine clearance levels of 30–60 or  1 60 ml/min/1.73 m 2 , respectively. Blood levels of met-
formin remained within the expected values for both groups. Blood lactate levels remained 
unchanged in the group receiving the higher dosage and were lower in the group with the 
lower dose.

  The authors have collectively concluded that the term ‘metformin-associated lactic aci-
dosis’ is commonly used to depict all situations of lactic acidosis in metformin therapy. Nev-
ertheless, true metformin-associated lactic acidosis, i.e. one which refers to metformin and 
concurrent pathologies as co-precipitating factors, has not been observed in the studied re-
ports. As there was no mortality due to metformin alone, it is important that physicians are 
familiar with the range of other risk factors that contribute to lactic acidosis in patients treat-
ed with metformin, such as hypotension, hypoxemia, acute kidney injury, or other acute 
pathophysiological insults  [60] .

  Metformin Use and Dosage in Clinical Practice 

 The increasing recognition that individuals with CRS and type-2 diabetes may benefit 
from metformin treatment despite the presence of CKD and CVD has led many to recon-
sider its use in this high-risk population. A recent consensus statement from the United 
Kingdom National Institute for Health and Clinical Excellence  [61] , clinical guideline 38, 
suggests clinicians review the dose of metformin if the estimated glomerular filtration rate 
(eGFR) is  ! 45 ml/min/1.73 m 2 , and discontinue metformin treatment if the eGFR is  ! 30 ml/
min/1.73 m 2 . The committee does suggest prescribing metformin with caution for those at 
risk of a sudden deterioration in kidney function and those at risk of eGFR falling  ! 45 ml/
min/1.73 m 2 . In this context, some investigators have reported safe use of metformin in large 
CKD populations where other oral hypoglycemic agents are unavailable and have proposed 
a protocol for adjustment of dose with diminishing renal function ( table 1 )  [57] .

  Conclusions 

 In summary, metformin is a biguanide commonly used for the treatment of type-2 dia-
betes acting primarily on hepatic glucose production, but has additional effects on periph-
eral insulin sensitivity. The major actions of metformin are mediated via a reduction in he-
patic gluconeogenesis and perhaps through modulation of mitochondrial [Ca 2+ ] i  handling. 
Over time, metformin has proven to have an excellent safety profile. However, there have 
been concerns regarding the development of lactic acidosis in certain populations. These 

Table 1.  Modification of metformin doses with respect to diminished 
renal function

CKD stage eGFR
ml/min/1.73 m2

Dose % max.

0–1 ≥90 2,500 mg daily 100
2 ≥60 1,000 mg b.i.d. 80
3 ≥45 500 mg b.i.d. 40
3 ≥30 500 mg daily 20
4–5 <30 0 0
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concerns are increasingly being questioned. Metformin has shown a substantial beneficial 
effect on lipid metabolism, clotting factors, and platelet function in clinical and preclinical 
states. In laboratory animals, metformin has been shown to improve cardiac diastolic dys-
function and vascular relaxation. These effects may contribute to the cardiovascular risk 
reduction observed during the UKPDS. After years of use and extensive database and case 
report analysis, use of metformin in CKD appears to be safe provided there is dose adjust-
ment based on the level of kidney function and cessation in those with an eGFR  ! 30 ml/
min/1.73 m 2 . Thus, it is important to consider its use in patients with CKD who are at risk 
for CVD.
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