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Abstract

Metformin is one of the oldest and most widely prescribed antidiabetic medicines worldwide. It is the only such medicine
that has shown a reduction of cardiovascular mortality in diabetes mellitus type 2. Since many diabetic patients have
chronic kidney disease, its use is often curtailed by practitioners due to fear of lactic acidosis and the US Food and Drug
Administration (FDA) warnings that, until recently, had been in place for decades. Current guidelines, though somewhat
vague regarding dosages, clearly pave the way for spreading the use of metformin in patients with lower glomerular filtra-
tion rates. These guidelines also suggest moving away from just looking at serum creatinine to create a cut-off. Metformin’s
costs are lower, and in many underdeveloped countries this is the only medicine available for poor patients. More wide-
spread use of metformin will further help with health care costs, as well as obesity. It will simplify the use of diabetes melli-
tus type 2 management with lower incidences of hypoglycemia. With all the mounting evidence, the FDA is finally requiring
labeling changes regarding recommendations, to allow the use of metformin in patients with much reduced kidney
function.
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Background

Glucose-lowering biguanides were discovered in the 1920s. One of
these was metformin (dimethylbiguanide), but it was then forgot-
ten [1]. The first human trial on biguanides that used the name
Glucophage (glucose eater) was published in 1957 [2]. In the next
couple of years reports were published on phenformin [3] and
buformin [4]. However, due to their association with lactic acidosis
(LA), both phenformin and buformin were withdrawn from many
countries. Similar concerns were raised for metformin, but it
remained on the market and has been available in the UK since
1958, although it only became available in the USA in 1994.

Clinical benefits in diabetes mellitus type 2

Metformin acts primarily in the liver by reducing glucose output
and also by enhancing peripheral uptake of glucose, mainly
in muscles. It is not generally associated with a risk of

hypoglycemia unless there is excessive exercise, severe calorie
reduction or when mixed with other antidiabetic medicine.
There is absence of weight gain along with modest reductions
in triglycerides [5]. It causes a reduction in mortality by decreas-
ing cardiovascular complications [6].

Metformin has shown some effectiveness in polycystic ovar-
ian syndrome, some gynecological cancers, nonalcoholic fatty
liver disease and for premature puberty. However, its main role
remains in the management of diabetes mellitus type 2 (DM2).
The International Diabetes Federation lists it as one of the first
antidiabetic medicines to be used for DM2 [7]. The World Health
Organization lists it as one of two essential medicines for diabe-
tes [8].

Fear of LA

Metformin is chemically similar to phenformin, but has a differ-
ent mechanism of action. Although the fear of LA remains, no
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absolute definitive causal relationship has been proven beyond
doubt. Many reported cases of metformin-associated LA (MALA)
did not measure metformin levels, whereas in others levels
were not high, suggesting ‘metformin coincident lactic acidosis’
[9]. In 1998, Misbin et al. reported that after starting to use met-
formin, rates of LA in the USA were no different from prior to
the approval of metformin [10]. Many reported cases of LA had
multiple risk factors besides renal failure. Since DM2 is a risk
factor, it is thought that many such cases may have been just
from DM2. The putative risk factors for LA described in the liter-
ature include old age, decreased cardiac output, respiratory fail-
ure or hypoxic conditions, ethanol intoxication, fasting and
decreased hepatic function.

In a nested case–control analysis that included 50 048
patients, six patients were identified with active use of metfor-
min and LA. Out of those, five patients had sepsis and signs of
end-organ damage, suggesting that LA most frequently occurs
in acutely worsening clinical scenarios [11].

Use of metformin in the presence of
contraindications

There are many reports in the literature about continued use of
metformin in the presence of contraindications. In a report of
47 patients who developed LA while on metformin, 43 had one
or more risk factors including congestive heart failure (CHF) and
renal insufficiency [10]. A Medline search for English language
articles regarding metformin and CHF, published between
January 1966 and May 2008, showed no new cases of LA [12]. In
2006, the US Food and Drug Administration (FDA) removed CHF
as a contraindication for metformin use. A reduction in all-
cause mortality with metformin use was even shown in dia-
betics with CHF [13]. In another study, there was no report of LA
among 308 diabetic patients, even though 73% of patients had
contraindications or risk factors [14].

Salpeter et al. conducted a Cochrane review in 2010. Three
hundred and forty-seven prospective trials and cohort studies
were included with more than 70 490 patient-years of metfor-
min use. At least one contraindication was present in 97% of the
studies. The conclusion was that metformin was not associated
with increased risk of LA compared with other antidiabetic
medicines. Instead, comorbidities causing tissue hypoxia were
the main risks for LA [15].

Rates and incidence of LA

Compared with a baseline rate of 9.7 per 100 000 patient-years
when no biguanides were available in the USA, LA rates were
about 40–129 per 100 000 patient-years once phenformin was
available [16–18]. However, metformin’s package insert reports a
rate of 3 per 100 000 patient-years [19]. The 2010 Cochrane review
found that based on statistical inference, the incidence of LA was
4.3 per 100 000 patient-years, as compared with 5.4 cases per
100 000 patient-years in the non-metformin group [15].

Metformin in chronic kidney disease

Abnormal kidney function remains the biggest contraindication
for metformin. Until early 2016, US FDA guidelines contradicted
its use with a serum creatinine (Cr)>132.63 mmol/L (1.5 mg/dL)
in men and>123.79 mmol/L (1.4 mg/dL) in women. It is well
known that serum Cr measurements are not an accurate reflec-
tion of the glomerular filtration rates (GFRs) [20]. Lalau et al.

compared a group of patients receiving 850 mg metformin daily
with creatinine clearance (CrCl) of 30–60 mL/min with another
group that received 1700 mg of metformin daily with CrCl>60
mL/min. There was no significant difference in serum levels of
metformin and lactate between the two groups [21]. In a study of
24 patients with CrCl 15–49 mL/min, no correlation was found
between lactate and metformin levels. Two of their patients were
even on dialysis [22]. In another study, 393 patients with serum
Cr ranging from 132.63 mmol/L (1.5 mg/dL) to 221.05 mmol/L
(2.5 mg/dL) were divided into those who continued metformin
and those who did not. After a follow-up of 4 years, no cases of
LA were found in either group [23].

At the usual dosages, the steady-state plasma concentra-
tions of metformin are generally<7.8 mmol/L. The precise level
of serum metformin that is unsafe is not known. A study by Frid
et al. showed that even at lower GFR levels, metformin levels
rarely exceed 20 mmol/L. It seems that this may be the safe level
[24]. However, it is not yet fully known if measurement of met-
formin levels predicts LA. Also, no correlation between renal
function, metformin levels and LA has been shown.

Individual Cr levels were not available in the last Cochrane
analysis. However, 45% of the studies did not exclude patients
with Cr>132.63 mmol/L (1.5 mg/dL). This equated to 37 360
patient-years of metformin use in chronic kidney disease (CKD)
patients that did not lead to any LA [15].

A large observational study of>19 000 subjects with a history
of atherothrombotic disease was conducted by investigators in
the Reduction of Atherothrombosis for Continued Health
(REACH) study. In this study, 1572 patients were on metformin,
despite GFRs 30–60 mL/min/m2. After adjustment for baseline
factors and propensity score, metformin was associated with a
significant reduction in 2-year mortality, including in those
with CKD. Mortality reduction was 36% in moderate renal
impairment (CrCl 30–59 mL/min/1.73 m2) [25].

A cohort study from the Swedish National Diabetes Register
reviewed 51 675 patients with DM2. Mean follow-up was 3.9
years. Compared with any other treatment, metformin showed
a 13% reduction in all-cause mortality in those with a GFR 45–60
mL/min/1.73 m2. Although similar benefits were not observed
with a lower GFR of 30–45 mL/min/m2, neither was any
increased risk of acidosis noted [26].

Since April 2016, the FDA is finally requiring labeling
changes for metformin. It is recommending measuring GFR
instead of serum Cr, before starting metformin. In established
patients it allows for the use of metformin up to a GFR of 30 mL/
min/1.73 m2, but recommends not starting metformin in
patients with a GFR between 30–45 mL/min/m2.

Current guidelines

Evidence of safety is mounting regarding the use of metformin
with a GFR as low as 30 mL/min/1.73 m2. Hence, many nations
have already adopted this as a recommendation. In Australia,
National Evidence Based Guidelines for blood glucose control in
DM2 have suggested that metformin, although contraindicated
if GFR is<30 mL/min/1.73 m2, can still be used with caution in
those with a GFR of 30–45 mL/min/1.73 m2 [27]. Canadians have
a similar guideline with a reduced dosage recommended at a
GFR of 30–59 mL/min/m2 [28]. The joint position statement of
the American Diabetes Association and European Association
for the Study of Diabetes agrees that it is reasonable to use met-
formin down to a GFR of 30 mL/min/1.73 m2, with further dose
reduction at a GFR of 45 mL/min/1.73 m2 [29]. However, frequent
checking of GFR is always recommended in such cases, while it
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should be stopped in cases of worsening clinical condition,
dehydration and hypoxemia [30]. A maximal daily dose of
2000 mg and 1000 mg with a GFR 45–60 mL/min/1.73 m2 and 30–
45 mL/min/1.73 m2, respectively, was proposed by Inzucchi et
al., with the warning to avoid metformin completely if kidney
function is expected to become unstable [31].

The European Medicines Agency and the advisory board of
European Renal Best Practice have also concluded that metfor-
min can be used with a GFR as low as 30 mL/min/1.73 m2. The
dose should be adapted depending on the renal function, but
there are no specific dosing recommendations [32, 33]. KDIGO
recommends that metformin’s use should be reviewed in those
with a GFR 30–44 mL/min/1.73 m2 [34].

However, even the cut-off of 30 mL/min/1.73 m2 GFR is arbi-
trary and Mani has reported its use in more than 1000
poor patients in India with CKD Stages 3 and 4 with no cases of
LA [35].

Conclusion

Use of metformin in DM2 makes management of blood sugars
somewhat simpler as it has been shown that the incidence of
hypoglycemia from oral hypoglycemics like glibenclamide was
significantly greater than that of LA [36]. Metformin is rarely the
sole cause of LA and even the prognosis seems better in LA
occurring in the presence of metformin [37]. Even the overall
mortality rate for MALA was down to 25% in a recent review by
Kajbaf and Lalau as compared with around 50% during the
period 1966–2000 [38]. After the widespread adoption of various
formulas for the measurement of estimated GFR, the nephrol-
ogy community has come to regard the use of serum Cr in isola-
tion as irrelevant for the assessment of renal function. A
simplified and pragmatic set of guidelines will facilitate the
more widespread use of metformin [39]. The latest recommen-
dations from the FDA will further help promote the use of met-
formin [40].
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