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Metformin is and has been considered as first-line therapy for type 2 diabetes for
over a quarter of a century. Like other biguanides, metformin can cause a lactic
acidosis that is exceptionally rare but fatal. The likelihood of metformin-
associated lactic acidosis is substantially higher in patients with kidney impair-
ment and also among thosewith seemingly normal kidney functionwho are at risk
of acute kidney injury (AKI). Hence, regulatory agencies in many industrialized
nations have maintained strict renal restrictions surrounding metformin. How-
ever, there have been millions of people exposed to metformin for many years,
many of them with serum creatinine values at or close to 1.5 mg/dL with
estimated glomerular filtration rates (eGFRs) much below 60 mL/min/1.73 m2

who have not developed lactic acidosis. Thus, there clearly remains controversy
in this area, and there has been heightened pressure to remove the renal restric-
tions of metformin. To provide a discussion on the pros and cons of relaxing the
renal restrictions for metformin use, we provide a Point-Counterpoint. In the
preceding point narrative, Drs. Kalantar-Zadeh and Kovesdy provide their argu-
ment that although there is little evidence of the potential benefits of metformin
in kidney disease, just considering the sheer numbers of metformin users and the
high fatality rate of its associated lactic acidosis, the most appropriate practice is
to avoid metformin use in people with eGFR <45 mL/min/1.73 m2 or in those who
are at high risk of AKI irrespective of underlying eGFR. In the counterpoint narra-
tive below, Drs. Bakris and Molitch argue that the data from a very large analysis
demonstrate clearly that serum creatinine should be supplanted with eGFR as
the criteria for metformin use and that the incidence of lactic acidosis is only
elevated in those with a reduced eGFR who become dehydrated for various
reasons or in those exposed to some toxin resulting in AKI. Otherwise the data
clearly support the use of metformin under normal circumstances down to
eGFR >30 mL/min/1.73 m2.

dWilliam T. Cefalu
Editor in Chief, Diabetes Care

All guidelines within the past decade have endorsed metformin as initial therapy for
patients with type 2 diabetes due to its demonstrated efficacy and excellent toler-
ance (1,2). Because metformin is cleared by the kidney, there has always been
concern that it should not be used in people with a serum creatinine above 1.5
mg/dL in men and 1.4 mg/dL in women because of a potential risk of metformin-
associated lactic acidosis (MALA), as evidenced by the U.S. Food and Drug
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Administration (FDA) warning label. This
concern stemmed from a risk of lactic
acidosis with a prior biguanide, phenfor-
min, which is no longer used. However,
there was little to no evidence support-
ing this risk for metformin at the time of
the FDA label. Moreover, there are both
mechanistic and dosing insights about
the effects and use of metformin in kid-
ney disease that show a very different
picture (3). Therefore, it is worth reex-
amining the question of MALA develop-
ment in patients with impaired kidney
function.
Physician practice data suggests that

metformin is being used in people with
elevated serum creatinine levels in spite
of the warnings in the FDA label (4).
Moreover, most of themedical community
has moved to using estimated glomerular
filtration rate (eGFR) rather than serum
creatinine to determine safety. This is
due to the variation of serum creatinine,
primarily based on age. A serum creati-
nine of 1.5mg/dL in a healthy 30-year-old
male would equal an approximate eGFR
of 70–75 mL/min/1.73 m2, whereas the
same creatinine in a 70-year-old male
would equate to an eGFR of about 45
mL/min/1.73 m2. Hence, eGFR stages
have been developed to better define
groups with kidney disease (5). For the
purposes of this discussion, we will be
referring to stage 3 chronic kidney dis-
ease (CKD), defined as eGFR ,60 and
.30 mL/min/1.73 m2.
Metformin is filtered at the glomeru-

lus and secreted in the proximal tubule,
with a resultant very high clearance of
507 6 129 mL/min in normal subjects
(6). Cimetidine, which blocks tubular se-
cretion, inhibits metformin clearance by
about 50%, emphasizing the role of tu-
bular secretion in addition to glomerular
filtration (6). The clearance of metfor-
min decreases by about 75% when the
GFR is ,60 mL/min/1.73 m2, without
further change when the GFR declines
to 30 mL/min/1.73 m2 (7). Median se-
rum concentration ranges of metformin
are 4.5 (0.1–20.7), 7.71 (0.12–15.5), and
8.88 (5.99–18.6)mmol/L (1mg/mL5 7.8
mmol/L) at GFR levels .60, 30–60, and
,30 mL/min/1.73 m2, respectively (8).
In patients presenting with MALA, met-
formin levels are 5- to 15-fold higher
than the aforementioned levels and se-
rum creatinine levels are generally more
than 3 mg/dL (9).

There are a number of very large anal-
yses that assess the incidence of MALA
frommetformin; some of themain stud-
ies are reviewed in this article (Table 1).
In the Glycemic Optimization with Algo-
rithms and Labs at Point of Care (GOAL
A1C) study, 4,838 patients with type 2
diabetes received metformin; of these,
17.7% of women and 13.4% of men had
eGFR #60 mL/min/1.73 m2 (10). These
findings are not limited to primary care.
At the University of Chicago Diabetes
Center, 36 of 234 (15.3%) patients with
eGFR of ,60 mL/min/1.73 m2 were re-
ceiving metformin; none developed lac-
tic acidosis (11). Data from the National
Health and Nutrition Examination Sur-
vey (NHANES) 1999–2006 of patients
with diabetes aged .18 years and with
eGFR,60 mL/min/1.73 m2 (N5 1,870)
demonstrated that 14% with a serum
creatinine .1.5 mg/dL were receiving
metformin (11). The incidence of lactic
acidosis in these patients taking metfor-
min was estimated at eight cases per
100,000 person-years (11). In contrast,
the risk of lactic acidosis, with a mortal-
ity rate of 30–50%, from phenformin is
40–64 cases per 100,000 patient-years
(12).

The overall incidence of lactic acidosis
with metformin use is quite rare. A Co-
chrane Database review of 347 prospec-
tive trials and observational cohort
studies showed no cases of fatal or non-
fatal lactic acidosis in 70,490 patient-
years of metformin users or in 55,451
patient-years of users of other antihy-
perglycemia agents (13). In a nested
case-control analysis of 50,048 patients
with type 2 diabetes participating in
the U.K. General Practice Research
Database, only six cases of lactic acidosis
were found, giving incidence rates of 3.3
cases per 100,000 person-years among
metformin users and 4.8 cases per
100,000 person-years among users of
sulfonylureas (14). In the Swedish Na-
tional Diabetes Register of 51,675 pa-
tients with type 2 diabetes, compared
with other diabetes treatments, there
were significantly lower risks for any
acidosis/serious infection associated with
metformin in patients with eGFR .60
(n 5 41,048) and 45–60 mL/min/1.73 m2

(n 5 6,960) and a slightly higher albeit
insignificant risk among those with
eGFR 30–45 mL/min/1.73 m2 (n 5 2,044)
(15). A systematic review that included a
search of comparative trials, observational

cohort studies, and meta-analyses to as-
sess lactic acidosis risk with metformin in
CKD found one randomized controlled
trial, one meta-analysis, one case-control
study, and three prospective cohort stud-
ies, representing about 150,000 patients
(16). The data demonstrated that met-
formin is safe in patients with stable
mild-to-moderate renal impairment (eGFR
.30 mL/min/1.73 m2). The incidence of
lactic acidosis was 3.3 per 100,000 person-
years, which was similar to that found
in patients taking sulfonylureas (4.8
per 100,000 person-years). In addition,
reduced risks of cardiovascular disease,
all-cause mortality, or any acidosis/serious
infectionwere seenwithmetformin in peo-
ple with eGFR 30–60 mL/min/1.73 m2

compared with sulfonylureas. The authors
concluded that data over the past decade
refute the idea that there is an increased
risk ofMALA in patientswith stable stage 3
CKD, stating that the risk is similar to the
risk found with other types of diabetes
medications in patients with similar de-
grees of renal impairment (16). Last,
metformin use was examined in kidney
transplant recipients. A retrospective
cohort study of over 46,000 patients gar-
nered from a database linking the Scien-
tific Registry of Transplant Recipients of
all incident kidney transplants in 2001–
2012 and national pharmacy claims
(17). The study compared recipients hav-
ing one or more pharmacy claims for a
metformin-containing product (n 5
4,609) and recipients having one or more
claims for a nonmetformin glucose-
lowering agent (n 5 42,305). The authors
found the median serum creatinine lev-
els of metformin claims were 1.6 mg/dL
(range 1.2–2.5). Metformin was associ-
ated with lower mortality in transplant
recipients; moreover, lactic acidosis was
not noted in this series. The authors con-
cluded that despite metformin being con-
traindicated in renal dysfunction many
kidney transplant recipients receive it
and it is not associated with worse patient
or allograft survival (17).

Despite the very low incidence in
these studies, MALA certainly does oc-
cur, but it is quite rare. In retrospective
series evaluating MALA, hypotension,
sepsis, hypoxia, and, very commonly,
acute kidney injury (AKI) related to
abrupt volume loss were the primary
causes of lactic acidosis when metfor-
min was used (9,18–23). Loss of tubular
secretion does not occur in stable CKD
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but is a characteristic feature of AKI due
to rapid volume depletion associated
with an intercurrent illness (23). It is pos-
sible that this loss of tubular secretion in
addition to the loss of GFR contributes to
the substantial rise in metformin levels in
cases associated with AKI. High levels
of metformin, either from an overdose
or from accumulation due to AKI, can
cause lactic acidosis through multiple
mechanisms, including inhibition of mito-
chondrial electron transport, acceleration

of glycolysis, and activation of anaerobic
metabolism of glucose in the intestine
(9,24,25).

Taken together, these data support
the concept that metformin use is quite
safe in patientswith stage 3 CKD and that
MALA is very rare. As Herrington and
Levy (26) point out, metformin use is
much safer than insulin and/or sulfonyl-
urea use, citing the incidence ofMALA as
6.3 per 100,000 patient-years, with a 50%
mortality, yielding a predicted number of

deaths of 3 per 100,000 patient-years, in
contrast to the incidence of hypoglycemia
of 1,000 for sulfonylureas and 18,000 for
insulin per 100,000 patient-years, with a
4.3%mortality, yielding predicted numbers
of deaths of 43 for sulfonylureas and 77
for insulin per 100,000 patient-years.

Many have suggested changing from a
strict dosing based on creatinine levels to
dosing based on progressive decreases in
eGFR (25,27,28). If the eGFR is 45–59
mL/min/1.73 m2 (stage 3a CKD), one can

Table 1—Summary of studies

Study, year
(reference) Study design Study groups

Baseline characteristics of
metformin users Results

GOAL A1C, 2005 (10) Randomized, open label Metformin-treated
subjects with elevated
vs. nonelevated serum
creatinine levels

Of the 4,838 patients receiving
metformin, 219 (4.5%) had
elevated baseline serum
creatinine levels.

1 of 22 (4.5%) patient treated with
metformin in general practice had
serum creatinine levels exceeding
predefined safety limits.

Vashisht et al.,
2010 (11)

Retrospective database
review of diabetes
center and separate
NHANES 1999–2006
analysis

Patients with type 2
diabetes followed in
diabetes center over 3
years of receiving
metformin

36 of 234 (15.3%) patients
receiving metformin had
eGFR,60 mL/min/1.73 m2;
NHANES, patients with
type 2 diabetes aged
.18 years and with eGFR
,60 mL/min/1.73 m2

(N5 1,870)

There were no cases of lactic
acidosis in diabetes center;
NHANES reported 14%
receiving metformin with a
serum creatinine .1.5 mg/dL.
Incidence of lactic acidosis was
estimated at 8 cases per
100,000 person-years.

Cochrane Database
review, 2010 (13)

347 prospective trials and
observational cohort
studies reviewed

Multiple different
groups

Multiple different baselines No cases of fatal or nonfatal lactic
acidosis in 70,490patient-years
of metformin users.

Bodmer et al.,
2008 (14)

Nested case-control study 50,048 patients with
type 2 diabetes in the
U.K. General Practice
Research Database

Not clearly defined There were incidence rates of 3.3
cases per 100,000person-years
among metformin users.

Swedish National
Diabetes Register,
2012 (15)

Observational study
(registry)

51,675 patients with
type 2 diabetes

9,004 of 51,675 (17.4%)
patients had eGFR
30–60 mL/min/1.73 m2

People with eGFR 45–60
(n 5 6,960) had significantly
lower risk of any acidosis/
serious infection and those with
eGFR 30–45 mL/min/1.73 m2

(n5 2,044) had a slightly higher
but insignificant risk of lactic
acidosis.

Lu et al., 2013 (16) Systematic review of 1
randomized controlled
trial, 1 meta-analysis, 1
case-control study, and
3 prospective cohort
studies (N 5 150,000
patients)

Multiple groups Multiple baselines Metformin was safe in patients
with renal impairment (eGFR
.30 mL/min/1.73 m2). The
incidence of lactic acidosis was
3.3 cases per 100,000 person-
years. People with eGFR
30–60 mL/min/1.73 m2 on
metformin had reduced risks
of cardiovascular disease,
all-cause mortality, or any
acidosis/serious infection
compared with those on
sulfonylureas.

Stephen et al.,
2014 (17)

Retrospective,
observational cohort
study (registry)

All postrenal transplant More than 46,000 patients
from a database linking the
Scientific Registry of
Transplant Recipients
2001–2012 and national
pharmacy claims

Median serum creatinine of
metformin claims were
1.6 mg/dL (range 1.2–2.5).
Metformin was associated with
lower mortality in transplant
recipients, and lactic acidosis was
not noted in this series.
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continueuseofmetforminwithoutdosage
change but the physician must follow kid-
ney function more closely, such as every
3–4 months, and warn the patient about
volume depletion–associated problems,
such as diarrhea or prolonged reduction
of fluid intake. If the eGFR is 30–44
mL/min/1.73 m2 (stage 3b CKD), the phy-
sician should limit the maximum dose to
1,000mg in two divided doses and follow
kidney function every 3 months. One
should avoid initiating metformin in
patients with stage 3b CKD. Last, metfor-
min should not be used if the eGFR,30
mL/min/1.73 m2 (stage 4 CKD) (29,30).
A key point is that metformin should

be stopped when prolonged hypoxia or
an acute decline in kidney function oc-
curs from any cause, including sepsis/
shock, hypotension, acute myocardial
infarction, or use of radiographic contrast
or other nephrotoxic agents (25,28).
Patients with eGFR,60 mL/min/1.73 m2

should withhold metformin if they experi-
ence intercurrent illness that could lead to
rapid volume depletion and should alert
their health care providers of their situa-
tion. If lactic acidosis occurs in stage 3 CKD,
then it will mostly be in the aforemen-
tioned settings. In patients taking met-
formin are admitted to the hospital,
consideration should be given to holding
the drug if their medical condition is un-
stable or they experience any of the issues
discussed above.
We conclude that MALA is a very rare

phenomenon and that metformin can be
used safely in patients down to eGFR of
30mL/min/1.73m2with no increased risk
of lactic acidosis. However, when stage
3 CKD (eGFR ,60 mL/min/1.73 m2) is
reached, caution is needed, so that the
drug can be stopped immediately when
increased risk factors for lactic acidosis
itself (e.g., hypoxia, sepsis, hypotension)
or AKI occur. Hospitalized patients must
be followed closely for the development
of such potential risks, and many clini-
cians feel that hospitalization itself is
fraught with so many risks that metfor-
min should be held routinely uponhospital
admission. Thus, our position is consistent
with current guidelines statements of both
American Diabetes Association and Euro-
pean Association for the Study of Diabetes
(29,30). Very recently, a delayed-release
metformin (Met DR) was formulated to
deliver the drug to the lower bowel to
leverage the gut-based mechanisms of
metformin and reduce plasma exposure.

These studies found a dissociation of the
glycemic effect from plasma exposure
with gut-restricted Met DR, supporting a
predominantly lower bowel–mediated
mechanism of metformin action (31).
Last, in keeping with these data the
FDA recently revised its warning re-
garding metformin, stating that use of
metformin in patients who have an
eGFR ,60 mL/min/1.73 m2 can now
be done safely but starting metformin
when the eGFR is ,45 ml/min/1.73 m2

is not recommended and metformin
is contraindicated when the eGFR is
,30 ml/min/1.73 m2 (32).
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