Diabetes Care Volume 39, July 2016

O

Should Restrictions Be Relaxed for
Metformin Use in Chronic Kidney
Disease? No, We Should Never
Again Compromise Safety!

Diabetes Care 2016;39:1281-1286 | DOI: 10.2337/dc15-2327

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 those with seemingly normal kidney function who 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 m?
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
point narrative below, Drs. Kalantar-Zadeh and Kovesdy provide their argument
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 m? or in those who
are at high risk of AKI irrespective of underlying eGFR. In the following counter-
point narrative, 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 m>.
—William T. Cefalu
Editor in Chief, Diabetes Care

LEARNING FROM HISTORY AND BIOCHEMISTRY

Metformin, along with buformin and phenformin, belongs to the class of bigua-
nides. Guanidine is a strong base used in plastics and explosives. It is also found in
urine as the end product of the metabolism of amino acids including arginine.
Guanidino compounds are known uremic toxins, and it has been hypothesized
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that their increased levels in renal fail-
ure may be a potential etiology of the
“burnt-out diabetes phenomenon” in
advanced uremia (1). In the 1920s, gua-
nidino compounds were discovered in
the extracts of Galega officinalis (French
lilac) that were used for the treatment
of diabetes. In the late 1950s, bigua-
nides were presented as an emerging
treatment option for adult-onset diabe-
tes, and by the late 1970s, approxi-
mately one-quarter to a half million
people were using phenformin as the
first commercially widely available bi-
guanide. Given the increasing reports
of fatal lactic acidosis cases associated
with phenformin use, and the U.S. Food
and Drug Administration (FDA) subse-
quently ordered it withdrawn from the
U.S. market and declared it as an “immi-
nent hazard to the public health” (2). As
of the late 2000s, phenformin was still
available in very few countries, including
Italy, Brazil, Poland, and China, where
phenformin-associated lactic acidosis
continued to be reported. Some herbal
products containing phenformin led to
cases of lactic acidosis, such that the
FDA recalled Chinese “herbal products”
containing phenformin. Buformin, which
was never available in the U.S., was re-
moved from the market in many but not
all countries for the same risk of lactic
acidosis (2).

BIGUANIDE-ASSOCIATED LACTIC
ACIDOSIS AND OTHER
COMPLICATIONS

Although the mechanism of its action is
not fully understood, the occurrence of
biguanide-associated lactic acidosis is a
biologically plausible phenomenon (Fig.
1). Biguanides increase insulin sensitivity
in vivo, resulting in reduced plasma glu-
cose concentrations, increased glucose
uptake, and decreased gluconeogenesis.
They reduce hepatic gluconeogenesis
and, as a result, decrease glucose levels
in the blood. Whereas the most common
side effects of biguanides are diarrhea
and dyspepsia (Table 1), which may hap-
pen in up to 30% of patients, lactic acido-
sis is an exceptionally rare but highly
feared occurrence given that up to 50%
or more of biguanide-associated lactic
acidosis cases lead to death. The likeli-
hood of a lactic acidosis event is related
to blood concentrations of the biguanide
and the severity of kidney dysfunction;
therefore, metformin is contraindicated
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if serum creatinine is =1.4 mg/dL in
men or =1.5 mg/dL in women accord-
ing to the FDA-mandated package in-
sert. It is believed that phenformin
and buformin are more likely to cause
lactic acidosis than metformin, al-
though the seemingly lower observed
rates of lactic acidosis in metformin
may be related to the conservative
avoidance of this agent in patients
with renal disease. Concomitant use
of metformin and H,-receptor antago-
nists or proton pump inhibitors has the
potential to induce vitamin B4, deple-
tion and neuropathy. Other possible
side effects of metformin include hypo-
glycemia, pancreatitis, and vitamin B4,
deficiency (independent of H,-receptor
antagonists or proton pump inhibitors),
as shown in Table 1. Acute pancreatitis
may occur secondary to metformin accu-
mulation with or without renal impair-
ment, as reported in the literature (3,4).

ADVERSE OUTCOMES OF
METFORMIN IN RENAL
IMPAIRMENT

Metformin is declared as the first-step ther-
apy in the management of type 2 diabetes
(T2D) and has also been recommended for
the management of prediabetes. Hence,

Figure 1—Putative mechanisms of lactic acidosis with use of metformin under renal impairment.
Biguanides, including metformin, may be accumulated with acute worsening of kidney function
or upon gradual progression of CKD. The resultant increase in PFK activity along with FBPase 1
activity inhibition suppresses gluconeogenesis and stimulates glycolysis. The subsequent de-
crease in hepatic energy status activates AMPK, a cellular metabolic sensor, leading to a re-
duction in hepatic gluconeogenesis and glycogenolysis while glycolysis is promoted and
enhanced by impaired mitochondrial function with secondary inhibition of oxygen consumption,
resulting in increased lactate generation and accumulation. FBPase 1, fructose-2,6-bisphosphatase 1;

metformin has emerged as the one of
the most commonly prescribed medica-
tions worldwide and the number one ad-
ministered drug in T2D. Given the fact
that over half of patients with chronic
kidney disease (CKD) in the U.S. and
many other nations have T2D, and given
that one-third of all T2D patients even-
tually develop CKD, discussion about the
use of metformin in CKD is never-ending.
Drug regulatory agencies and profes-
sional societies in different regions
have recommended certain restric-
tions for metformin in CKD (5). The
FDA stipulates a clear-cut contraindica-
tion with serum creatinine concentra-
tions of =1.5 mg/dL (=132 pmol/L)
and =1.4 mg/dL (=123 pmol/L) in
men and women, respectively, irrespec-
tive of estimated glomerular filtra-
tion rate (eGFR). Other guidelines
have recommended similar restrictions
(Table 2) (6).

As shown in Table 2, even though the
renal restrictions of metformin set forth
by the FDA and adapted by some pro-
fessional societies such as the National
Kidney Foundation are according to the
above-mentioned serum creatinine lev-
els, in some guidelines, they are based
on eGFR. It appears that a number of
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Table 1—Adverse events related to use of metformin

Impact by kidney

Kalantar-Zadeh and Kovesdy 1283

Adverse event Frequency impairment* Comments

Lactic acidosis Rare but highly fatal qFAFaEar Much more likely with renal impairment;
near-fatal to fatal outcomes highly
likely

Hypoglycemia Rare to moderate AFaFAF More common with worsening renal
function

Pancreatitis Rare AFAR)AFARAF May be concurrent with lactic acidosis

Death (independent of lactic Rare, but likely common in CKD qFAFaEar Recent cohort study suggests higher death

acidosis) rate in patients with advanced CKD
(creatinine >6.0 mg/dL).

Cardiovascular toxicity Rare to moderate Ak AR/AF4RaF Guanidine compounds are known uremic
toxins causing cardiovascular risk.

Hormonal derangement Rare =//4F Studies in fishes show intersex fish and
other anomalies.

Gastrointestinal Common (up to 30%): metallic —/+ Gastrointestinal symptoms are usually

taste, anorexia, soft stool to diarrhea mild, transient, and reversible after
(IR: 12-53%; ER: 10-17%), nausea/ dose reduction or discontinuation of
vomiting (IR: 7-26%; ER: 7-9%), the drug.
flatulence (12%) Lactic acidosis per se may also lead to Gl
symptoms (nausea, vomiting, diarrhea,
etc.).

Vitamin B4, deficiency and Rare, dose and therapy duration —/+ Metformin reduces intestinal absorption

megaloblastic anemia dependent of vitamin By, in up to 30% of patients
and lowers serum vitamin B, levels in
5-10%, but only rarely causes
megaloblastic anemia.

Cardiovascular Rare to common =//4F Chest discomfort, flushing, palpitation up
to 10%; worsening heart failure may be
related to lactic acidosis or via
independent mechanisms.

Neuromuscular and skeletal 1-10% —/+ Central nervous system: headache (6%),
chills, dizziness, lightheadedness,
myalgia, weakness, altered mental
status including coma

Other Rare —/+ Hypotension, arrhythmia, respiratory

abnormalities (tachypnea, pulmonary
edema), hypothermia-increased
diaphoresis, flu-like syndrome, nail
disorder

ER, event rate; IR, incidence rate. *The semiquantitative rating of impact by kidney impairment is from the authors.

leading professional societies such as the
American Diabetes Association recom-
mend an eGFR of <30 mL/min/1.73 m?
as the threshold for absolute contraindica-
tion of metformin use. We, too, believe
that the use of eGFR may be more reason-
able given the wide range of eGFR varia-
tions within men and women with the
same serum creatinine levels of 1.4 or
1.5 mg/dL, respectively, but across differ-
ent ages and races (see Supplementary
Table 1 showing eGFR values for these
serum creatinine levels). However, we
suggested a higher eGFR cutoff level of
<45 mL/min/1.73 m? based on the infor-
mation we have reviewed here and a com-
bination of eGFR and serum creatinine
levels, so that renal restrictions not be

missed in case eGFR is not readily available
or calculated or in case questions about
the validity of a given eGFR equation
should be raised. It is important to note
that for higher eGFR values (such as eGFR
in the range of 30-45 mL/min/1.73 m?)
some of these guidelines suggest a met-
formin dose reduction, while others use
other statements such as “metformin
administration to be reviewed” or “to be
more cautious.” To our knowledge, there
are no clear data as to what this so-called
dose reduction means or in which format,
frequency, and intensity it should be im-
plemented; hence, we feel that a blunt
suggestion of “dose reduction” is not sci-
entifically sound and may lead to more
confusion and practice discrepancies.

IS METFORMIN-ASSOCIATED
LACTIC ACIDOSIS REAL?

Biguanide-induced lactic acidosis, also
known as type B or nonhypoxemic lactic
acidosis, is characterized by increased
lactate generation and accumulation
from impaired mitochondrial function
with secondary inhibition of oxygen
consumption and diminished gluconeo-
genesis and glycogenolysis (Fig. 1) (7). It
remains unclear whether metformin is
less likely associated with lactic acidosis
than other biguanides due to inherent
biochemical differences and/or a direct
consequence of the aforementioned im-
posed renal restrictions of metformin
(Table 1). This fatal acidosis appears to
be a rare occurrence in clinical trials,
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Table 2—Selected guidelines and recommendations regarding metformin use and kidney function
Source, year (reference)

FDA, 1994 (26)

National Kidney Foundation Kidney Disease Outcomes
Quality Initiative, 2012 (15)

National Institute for Health and Clinical Excellence,
2009 (27)

American Diabetes Association and European Association
for Study of Diabetes, 2012 (28)

Kidney Disease: Improving Global Outcomes, 2012 (29)

Guidelines and recommendation regarding metformin use

e Contraindicated if creatinine of =1.4 mg/dL (men) or =1.5 mg/dL (women)

e Contraindicated if creatinine of =1.4 mg/dL (men) or =1.5 mg/dL (women)

e To be reviewed if creatinine >1.5 mg/dL or eGFR <45 mL/min/1.73 m?

e Contraindicated if creatinine >1.7 mg/dL or eGFR <30 mL/min/1.73 m?

e Dose reduction if eGFR <45 mL/min/1.73 m?

e Contraindicated if eGFR <30 mL/min/1.73 m?

e To be reviewed if eGFR 30-45 mL/min/1.73 m?

e Contraindicated if eGFR <30 mL/min/1.73 m?

e Temporarily held if eGFR <60 mL/min/1.73 m? with a concurrent serious illness
increasing the risk of AKI

e Cautioned if eGFR <60 mL/min/1.73 m?

e Contraindicated if eGFR <30 mL/min/1.73 m?

e Cautioned and dose reduction advised if eGFR 3045 mL/min/1.73 m?
e Contraindicated if eGFR <30 mL/min/1.73 m?

e Reevaluated if eGFR <45 mL/min/1.73 m?

e Contraindicated if eGFR <30 mL/min/1.73 m?

e To be reviewed if eGFR 45-60 mL/min/1.73 m? or any eGFR with prior episodes
of AKI or significant proteinuria >0.5 g/day that may predispose to AKI

e Contraindicated if eGFR <45 mL/min/1.73 m?, if creatinine =1.4 mg/dL (men)
or =1.5 mg/dL (women), or if cystatin C >1.2 mg/mL

e Withhold at any eGFR if high likelihood of AKI, such as IV contrast administration

Canadian Diabetes Association, 2013 (30)

Royal Australian College of General Practitioners,
2014-2015 (31)

Japanese Society of Nephrology, 2012 (32)

Opinion of the authors

Adapted with permission from Rhee and Kalantar-Zadeh (6).

which may be the result of the selective
and conservative nature of these study
designs that have historically excluded
patients with CKD.

Recently Hung et al. (8) reported that
in Taiwan, where until recently metfor-
min was authorized across the entire
spectrum of CKD, among 12,350 pa-
tients with serum creatinine levels
>6 mg/dL (>528 umol/L), metformin users
(n = 1,005) had a 29% higher mortality
than nonusers over a median period of
2.1 years. This significantly higher death
risk was consistent across all subgroups.
There was a dose-dependent relation-
ship between metformin and death,
which affirms the biological plausibility
of a causal association, notwithstanding
that these striking associations may
still not be equated as causation (9). In
the same study, the number of reported
metabolic acidosis events was small,
but metformin users had a 23% higher
occurrence of metabolic acidosis than
nonusers. This study has important
strengths including national representa-
tion; high mortality rates of 42-53% in met-
formin nonusers and users, respectively; a
long follow-up period (up to 9.8 years), and
detailed patient-level data on medication
and comorbid conditions (9).

In the U.S., metformin is the sixth most
frequently prescribed medication (10).

Europe and other regions demonstrate
similar practice patterns (7), explaining
the realistic likelihood of encountering
metformin-associated lactic acidosis
given the sheer numbers of its use.
Approved by the FDA in 1995 as a safer
biguanide (11), metformin is said to bear a
lower risk of lactic acidosis compared with
phenformin (1-16 vs. 40-64 cases per
100,000 patient-years, respectively [12—
14]). However, there has been intense
debate with regard to the differential
safety and effectiveness of metformin
in patients with versus without CKD.
Metformin is renally eliminated in
unaltered form by glomerular filtration
and active tubular secretion, and its
clearance may be reduced by 75% in
those with eGFR <60 mL/min/1.73 m?
(15).

There is little doubt that the risk of
metformin accumulation is high in pa-
tients with any degree of renal impair-
ment. In addition, even CKD patients
with minimal renal impairment but the
presence of microalbuminuria or pro-
teinuria can easily develop acute kidney
injury (AKI) independent of the natural
progression and/or severity of their un-
derlying renal insufficiency (16,17).
Metformin-associated lactic acidosis is
rare but not nonexistent, highlighted
by a recent case record in the New England

Journal of Medicine (5) as well as other
case reports (7,18,19), including a 2010
case series (20). The case series compared
metformin-associated acidosis with other
types of lactic acidosis, such as postcardiac
arrest, septic shock, cardiogenic shock,
mesenteric ischemia, and hemorrhagic
shock, none of which had a blood pH be-
low 7.0 except for metformin-associated
acidosis (20). Despite a more severe acid-
emia, survival is relatively better with met-
formin than with other causes of lactic
acidosis (20), especially if patients with
AKI or CKD who have high metformin lev-
els and profound acidosis receive immedi-
ate interventions that remove metformin
such as continuous hemodiafiltration ther-
apy, which could also effectively lower
metformin notwithstanding its large vol-
ume of distribution (7,21). Not many cen-
ters can measure metformin levels rapidly;
hence, it is usually a late confirmatory
test that is available, if at all (21). It is our
opinion, based on data reviewed (20,21),
that metformin overdose or accumulation
is the likely cause of lactic acidosis in any
patient who has most or all of the follow-
ing five criteria in the absence of a high
metformin level but with history of met-
formin administration: 1) hypoglycemia to
normoglycemia (random blood glucose
<150 mg/dL), 2) a markedly elevated lac-
tate level (e.g., >15 mEqg/L) with a large
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anion gap (>20 mEqg/L), 3) severe acide-
mia with a pH <7.1, 4) a very low serum
bicarbonate level (<10 mEg/L), and 5) a
history of renal insufficiency (eGFR <45
mL/min/1.73 m? or serum creatinine
>1.5 mg/dL) or high risk of AKI.

WEIGHING RISKS AND BENEFITS
OF METFORMIN IN CKD

In patients without CKD, metformin ap-
pears to improve altered glucose and
lipid metabolism, promote weight loss,
and delay the onset of full-blown diabe-
tes. It may be argued that excluding
metformin in CKD has deprived millions
of patients with diabetes from receiving
this state-of-the-art standard of care.
Does avoiding metformin in kidney im-
pairment really result in poor outcomes,
including glycemic control with accelera-
ted diabetic complications? Clinical prac-
tice guidelines have proposed various
kidney function cutoffs and metrics (serum
creatinine vs. eGFR) for defining metfor-
min’s safety threshold in CKD (Table 2).
According to the FDA black-box warning
label and the National Kidney Foundation
Kidney Disease Outcomes Quality Initiative
recommendations, metformin is contrain-
dicated even with mild renal insufficiency
(15). These cutoffs are conservative esti-
mates of the threshold at which 3 g of
metformin can be removed at steady-state
levels in 24-48 h (22).

To ensure patients’ safety, even more
stringent guidelines are needed, and it is
our opinion that metformin use should
be reviewed in those patients with eGFR
60-45 mL/min/1.73 m? (but may be con-
tinued if eGFR is =60 mL/min/1.73 m?),
discontinued in those with eGFR <45
mL/min/1.73 m?, and temporarily held
at any eGFR with a concurrent serious
illness that increases the risk of AKI
(Table 2). Several points should be consid-
ered prior to removing restrictions on
metformin use in CKD.

1. The risk of death associated with
biguanide-induced lactic acidosis is
extremely high (=50%). As the risk
of harm associated with metformin
is high, the multitude of alternative
options now available for the treat-
ment of diabetes calls for a reevalua-
tion of whether even a small risk of
metformin justifies its benefit.

2. The true incidence of lactic acidosis
may be underestimated. Random-
ized controlled trials that have

compared metformin to placebo
are not generalizable to real-life sce-
narios given their selected study
populations, close monitoring, and
protocol used in the follow-up of
participants.

3. CKD patients have a lower threshold
for kidney function decline, including
greater susceptibility to AKI and
accelerated rate of kidney function
decline. Current clinical practice
guidelines do not consider the dynamic
fluctuations in kidney function (i.e.,
unpredicted AKI or anticipated CKD pro-
gression over time) that may substan-
tially increase the risk of metformin
accumulation and fatal lactic acidosis.

4. CKD patients have multiple concom-
itant risk factors for lactic acidosis.
CKD patients are typically of ad-
vanced age and have a high burden
of underlying illness (e.g., infection/
sepsis, congestive heart failure, myo-
cardial infarction, liver failure, etc.)
further increasing their risk of lactic
acidosis.

CONCLUSIONS: LET'S STAND BY
RENAL RESTRICTIONS FOR
METFORMIN

Metformin-associated lactic acidosis is a
real and highly fatal complication. It is
likely that the infrequent reports of this
complication are due to the fact that we
have not liberally prescribed this medi-
cation to CKD patients thanks to the
well-justified FDA-mandated renal re-
strictions. Given recent observational
study by Hung et al. (8) in a setting
where metformin was previously widely
prescribed to patients with renal impair-
ment, there remains little doubt that
metformin could lead to excess death
in T2D patients with advanced CKD. In
addition to the safety concerns, it re-
mains uncertain as to whether metfor-
min may yield the same multiorgan
benefits in CKD patients as in other pop-
ulations without kidney disease. To date,
no randomized trial has specifically eval-
uated the potential benefits and risks of
metformin in patients with CKD (22). As
the natural progression of CKD is often
associated with prolonged insulin half-
life and decline in lipids, glucose, and
hemoglobin A, levels along with seem-
ingly counterintuitive improvement in
metabolic and glycemic burden, it is
not clear what role metformin may
have in CKD. Worsening uremia also
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leads to the accumulation of lactate
and uremic toxins, including guanidino
compounds that are closely related in
structure to biguanides, which may ne-
gate the need for metformin given the
potential harms of the expanding pool of
guanidino compounds in the system and
the natural progression toward “burnt-
out diabetes” (23).

Although there is an ongoing need to
examine real-world contexts where
metformin may be frequently adminis-
tered to those with advanced CKD, par-
ticularly as recent publications have
advocated the expansion of metformin
use in this population (24), it is highly
premature and unwise to liberalize the
use of metformin. Given the data by
Hung et al. (8) and other case reports
describing the gravity of metformin-
related adverse events (5), along with
historical data on the toxicities of other
biguanides, the aforementioned restric-
tive regulations have likely protected
tens of thousands of people from lactic
acidosis, hypoglycemia, and pancreatitis
and have saved literally thousands of
lives each year. The renal restrictions
of metformin should be maintained
given the utmost priority of practicing
safe and conservative medicine and
the lack of evidence of benefits in CKD.
The story of Frances Oldham Kelsey
reinforces our “never again” motto (25).
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