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Abstract
Metformin has evolved as the most popular anti-diabetic medicine 

worldwide. Way back in 1998 United Kingdom Prospective Diabetes Study 
(UKPDS) Group had shown that it is the only oral hypoglycemic agent that has 
proven to reduce cardiovascular mortality in diabetes mellitus type 2 (DM2). 
Various reports have shown its safety but amongst many practitioners, there 
is still fear of lactic acidosis (LA). This concern is further heightened in diabetic 
patients with chronic kidney disease (CKD). Here we review if that is still a valid 
concern or not.
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Risks of Lactic Acidosis
LA remains the most feared risk associated with biguanides 

mostly with phenformin. It is the L-Lactate that accumulates in case 
on biguanides. Because mortality rates of 30% to 50% were described 
in literature in early 1990s, phenformin was removed from the market 
[11]. Though chemically similar, metformin has different mechanism 
of action. Still however, because of fear of LA, metformin had many 
contraindications attached to it.

Although circumstantial evidence supports that metformin use 
may be linked with LA- termed metformin associated lactic acidosis 
(MALA), no definitive causal relationship has been proven. It has 
a short half-life and is renally excreted solely. By itself, metformin 
has not been shown to be responsible to affect the concentration 
of lactate in DM2. Many reported cases of MALA did not measure 
metformin levels and in those that were measured, many did not have 
high levels - hence many of those could be “metformin coincident 
lactic acidosis” [17]. Rates of LA in USA that were reported before 
the approval of metformin were no different from the rates found in 
those using metformin [18]. Further suggesting that metformin could 
not be fully implicated in all those cases reported as MALA.

The reports in literature about patients with MALA include 
patients with many risk factors and so difficult to interpret the 
literature [19]. DM is in itself risk factor for lactic acidosis and so 
many reported cases may just have been lactic acidosis due to just DM 
itself. Various putative risk factors for LA with metformin has been 
described in literature, including old age, decreased cardiac or hepatic 
function or chronic kidney disease (CKD), diabetic ketoacidosis, 
respiratory failure, ethanol intoxication, fasting and hypoxic 
conditions [19]. In a nested case-control analysis, out of 50,048 
patients, 6 patients were identified with active use of metformin and 
MALA. 5 of those suffered from sepsis and acute organ dysfunction, 
suggesting as others have shown that MALA mostly occurs in acutely 
worsening clinical conditions [20].

The review of literature does not support the notion that the 
incidence of MALA is so rare because guidelines for contraindications 
are followed. Many have reported its use in those with risks, without 
any significant complications. In one report of 47 patients who 
developed LA on metformin, 43 had one or more risk factors for lactic 

Introduction
Chemical and historical background

A French lilac called Galega officinalis had been used in past as a 
traditional medicine. A guanidine compound that could lower sugar 
in animal studies was found in its extract in 1920s [1]. Guanidine can 
be considered a nitrogenous analogue of carbonic acid. But it turned 
out to be too toxic for human use. Galegine (isoamylene guanidine) 
[2], another alkaloid extract from same plant and a different synthetic 
guanidine analog called Synthalin [3] were also studied for lowering 
blood sugar but were overshadowed by development and interest in 
insulin.

In late 1920s there was also development of a glucose lowering 
organic compound called Biguanide. One of those-Metformin 
(dimethylbiguanide), was found in 1920s but was then forgotten [4]. 
Then in 1957 a human trial was published with the name Glucophage 
(glucose eater) [5].In the next two years reports were published 
on phenformin [6] and buformin [7]. Later both phenformin 
and buformin were withdrawn from many countries due to their 
association with fatal lactic acidosis (LA). Due to similar reason, 
concerns developed for metformin but remarkably it remained 
available. It has been available in United Kingdom since 1958, but it 
finally became available in United States (US) in 1994.

Clinical use
Metformin is amongst those anti-diabetics that are recommended 

as first line therapy for diabetes mellitus type 2 (DM2) [8]. It is 
one of only two oral medicines in the World Health Organization 
essential medication list for DM2 [9]. Many studies in 1990s showed 
its effectiveness in countering insulin resistance without causing 
hypoglycemia, and in obese diabetics with lack of weight gain [10-
12]. Along with lack of weight gain, it causes modest reduction in 
LDL and triglycerides [11]. It has been shown to reduce mortality 
through decreasing cardiovascular complications [13]. It is mostly 
not associated with risks of hypoglycemia unless there is excessive 
exercise, severe calorie reduction or mixed with other anti-diabetic 
medicine. Though it has been used in polycystic ovary syndrome [14], 
non-alcoholic fatty liver disease [15], and for premature puberty [16], 
its major use remains in control of DM2.
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acidosis including congestive heart failure and renal insufficiency 
[18]. A Medline search for English language articles published 
between January 1966 to May 2008 about studies on metformin and 
heart failure was conducted. Though conducted epidemiological 
data show that despite frequent use of metformin in congestive heart 
failure (CHF), there were no new MALA case reports noted [21]. The 
US Food and Drug Administration (FDA) have removed heart failure 
as a contraindication for metformin use in 2006, since reduction in 
all-cause mortality with metformin use was demonstrated in diabetics 
with heart failure [22]. Several studies have shown that metformin 
does not raise lactate levels even in elderly and in those with reduced 
renal function [23]. In another report of 308 patients with DM2, 
even though 73% patients had contraindication or risk factors, none 
developed LA [24].

Review of cases of LA published between May 1995 and January 
2000, concluded that no mortality was associated with metformin 
alone [25]. In a review of 398 metformin overdoses with a median 
intake of 15 g, only 14 (3.5%) patients developed LA [26]. In a review 
of 49 metformin treated patients who had also developed LA, higher 
metformin levels did not consistently occurred in cases with more 
severe LA and did not correlate with higher mortality [27]. A review 
of literature done by Terpening showed that vast majority of case 
series have failed to establish any correlation between metformin 
levels and either lactate or pH. Also those with higher metformin 
levels had better survival in cases of MALA compared to those who 
did not survive [17]. In another review of cases of LA, 10 patients 
were diagnosed with MALA out of 197. All 10 had toxic metformin 
levels and median serum Cr of 796µmol/l (9.0 g/dl). Though all 
MALA patients had pH <7.0, only 31/187 patients with general LA 
had pH <7. There was 50% survival in MALA versus 0% in general LA 
group if arterial blood pH <7.00. Overall the mortality of up to 83% 
was reported with LA in general compared to 30-50% mortality with 
MALA [28]. In fact, it has been hypothesized that there may be some 
protective effects of metformin in MALA [17], and also it may even 
be protective in shock [27].

However it has also been shown that the in comparison, the 
incidence of hypoglycemia from oral sulfonylureas like glibenclamide 
was significantly greater than that of MALA. Same review showed 
that mortality risks for both sulfonylurea induced hypoglycemia and 
MALA were same [29].

Finally Salpeter et al. finally conducted a Cochran review in 2010. 
They reviewed 347 prospective trials and cohort studies with more 
than 70,490 patient-years of metformin use. 97% of these studies had 
at least one contraindication. They concluded that metformin was 
not associated with increased risk of LAs compared with other anti-
diabetic medicines. Overall the risks appear to be mostly from co-
morbidities that result in tissue hypoxia [30].

Rates and Incidence
A baseline rate of LA of 9.7 per 100,000 patient years was reported 

in USA when no biguanides were available in USA- similar to 
general population rates [31]. When phenformin was still available 
and prescribed, the original reports of LA rates were about 40-129 
per 100,000 patient years [23,32,33]. However for metformin the 
reported rates have been as low 0-8.4 cases per 100,000 person years 
[12]. Package insert from manufacturer reports a rate of 3 per 100,000 

patient years [34]. In Canada till 1998, there were no reported cases 
of metformin associated lactic acidosis when used as indicated [35]. 
Of the 28 reported cases all had some contraindication. In the first 
known population based longitudinal (16 year) study, the rate of LA 
in Canada was 9 per 100,000 person-years [33]. A rate of 3.3 cases per 
100,000 person-years was reported from United Kingdom, amongst 
metformin users and 4.8 cases per 100,000 person-years amongst 
sulfonylurea users [20]. A much higher rate of 47 per 100,000 patient-
years was reported from a group in Netherlands. They identified 16 
cases of MALA. 9 of those had normal metformin levels but all had 
comorbidities that could confound the results [36]. In 2010 Cochrane 
review found that based on statistical inference, the incidence for 
lactic acidosis was 4.3 cases per 1000,000 patient-years, compared to 
5.4 cases per 1000,000 patient-years in non-metformin group [30].

Kidney and Metformin
Renal failure is often cited as a contraindication to Metformin and 

it remains most important contraindication as few cases of LA without 
renal dysfunction have been described [37]. Current US Food and 
Drug Administration prescribing guidelines contradict Metformin’s 
use in men with serum creatinine (Cr) of > 1.5 mg/dl and in women 
with serum Cr > 1.4 mg/dl. With the more common use of glomerular 
filtration rate (GFR), there may be an apparent abnormality in one 
and not the other measurement of renal function. These guidelines 
are arbitrary and may be outdated. The National Kidney Foundation 
Kidney Disease Outcomes Quality Initiative (NKF KDOQI) notes that 
metformin should not be given beyond these levels of Cr. However 
their reference is from an article published in 1997 by Davidson et 
al. [38]. The limitations of serum Cr predicting GFR are well known 
know. This adds to the confusion for a physician.

Renal failure can cause metformin to accumulate, but in most 
cases tissue hypoxemia is a major inciting factor and it is the tissue 
hypoxia that seems to influence mortality and not the accumulated 
metformin levels [39]. Lalau et al. have shown that even if 850mg/
day of metformin was given to elderly patients with creatinine 
clearance (CrCl) of 30-60 ml/min or 1700 mg/day if CrCL >60 ml/
min, then there was no significant difference in measured serum 
levels of metformin and lactate between two groups [40]. A study was 
conducted in 24 patients with CrCl of 15-49 ml/min. No correlation 
was found between plasma lactate and metformin concentrations and 
authors suggested safety of its use with lower dosages at GFRs as low 
as 20ml/min. Two of their patients were even on dialysis also [41]. 
In a set of 59 diabetic patients on metformin, with age 73.9 + 10.3 
years and CrCl of 38.5 + 13.4 ml/min, there was no incidence of LA 
reported [24].

Another study measured GFR based on cystatin C levels. 
Median dose of metformin was 1500 mg. Median metformin serum 
level was 4.5μmol/L (range 0.1-20.7) in GFR >60 ml/min/1.73 m2, 
and 8.9μmol/l (range 6-18.6) with GFR <30 ml/min/1.73m2. At 
usual doses, the steady-state plasma concentrations are generally 
<7.8μmol/l. This study showed that even at lower GFR levels rarely 
would metformin levels go above 20μmol/l, and this may be a safe 
level, though in actuality, exact unsafe metformin level is not known. 
It is still not known if measurement of these levels predicts MALA, 
since there is no correlation or any known relationship between renal 
function, metformin levels and MALA [42].
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In the Fremantle diabetes study the risk of lactic acidosis was no 
different with metformin compared to other blood glucose-lowering 
therapies, even though about a third of patients on metformin had 
contraindications including renal and heart failure [43]. Another 
study from Scotland showed that there was only one case of lactic 
acidosis out of 4600 patient-years and 24.5% of those patients had 
a contraindication to metformin use including renal failure and 
cardiac failure [44]. In a study from Thailand, out of 1630 patients 
on metformin, 315 patients had at least one contraindication to 
metformin. Of those 315 patients, 203 had renal failure, but none 
developed lactic acidosis over 4 years [45]. In another study of 393 
patients with serum Cr ranging from 1.5 to 2.5 mg/dl, were divided 
into those who continued and those who did not continue metformin. 
After 4 years no cases of lactic acidosis were found in either group, 
suggesting that avoiding metformin at such higher Cr levels did 
not alter risk of lactic acidosis [46]. Population studies in USA have 
shown that use of metformin in mild to moderate CKD is not very 
unusual. In one case, amongst those treated with metformin, 4.5 % 
had Cr greater than predefined safety limits [47]. In another analysis 
from University of Chicago diabetes center, 15.3% patients with GFR 
of <60ml ml/min/1.73m2 were receiving metformin [48].

Investigators with the Reduction of Atherothrombosis for 
Continued Health (REACH) did a large observational study of > 
19,000 subjects with history of atherothrombotic disease, 1,572 
patients were using metformin with GFR 30-60 ml/min/1.73m2. After 
adjustment for baseline factors and propensity score, metformin was 
associated with significant reduction in 2-year mortality including 
those with CKD They found that metformin was associated with 
24% reduction in all-cause mortality. In moderate renal impairment 
(creatinine clearance 30-59 ml/min/1.73m2); there was 36% reduction 
[49].

A cohort study from Swedish National Diabetes Register 
reviewed 51675 patients with DM2 and a mean follow up of 3.9 
years. Metformin, compared with any other treatment, showed 13% 
reduction in all-cause mortality, and reduced risks of acidosis/serious 
infection in those with GFR of 45-60 ml/min/1.73m2. With GFR of 
30 to 45 ml/min/1.73m2, similar benefit was not observed but neither 
was any increased risk of acidosis/serious infection was noted [50].

In the Cochran Analysis, although individual Cr levels were not 
available, 45% of studies reviewed did not exclude patients with a Cr 
>1.5 mg/dl. This equated to 37.360 patient-years of metformin use in 
studies including CKD patients that did not lead to any LA [30].

Despite the current U.S. prescribing guidelines, there is enough 
evidence of safety with its use in GFR as low as 30 ml/min/1.73m2. 
Hence many nations have already adopted this as a recommendation 
[51]. In Australia, recently published National Evidence Based 
Guidelines for blood glucose control in DM2 have suggested that 
metformin though still contraindicated if GFR <30 ml/min/1.73m2, 
can still be used with caution in those with GFR of 30-45 ml/
min/1.73m2 [52]. Canadians have similar guidelines [53]. The joint 
Position Statement of the American Diabetes Association and 
European Association for the Study of Diabetes agrees with this 
mention that it is reasonable to use of metformin down to GFR of 
30 ml/min/1.73m2, with dose reduction at GFR of 45 ml/min/1.73m2 

[54]. However frequent check of GFR is always recommended in such 

cases [55]. Even the cutoff of 30ml/min/1.73m2 GFR is arbitrary and 
Mani has reported use in more than 1000 patients with CKD sages 3 
and 4 and never seen a case of LA due to metformin [56].

Conclusion
Current guidelines on stopping metformin are vague. Because 

of its cost as well as benefits more wide use of metformin is needed, 
without the fear of concomitant LA. In poor countries use of 
cheap medicines like metformin may be the only option for DM2� 
management. A simplified and pragmatic set of guidelines is needed 
emphasizing the importance of renal clearance as well as importance 
of its withdrawal in the presence of or when there is impending tissue 
hypoxia [30].
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