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Key Messages

e The concern about metformin use in patients with type 2 diabetes and chronic kidney disease has been the possibility of an increased
risk for lactic acidosis resulting from metformin accumulation.

e New evidence demonstrates that metformin may be used safely in people with chronic kidney disease, provided the dosage is
adjusted properly.

¢ Sick-day management counselling is essential to ensure the safe use of metformin.
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Metformin, together with lifestyle intervention, is considered first-line treatment for glycemic manage-
ment in people with type 2 diabetes. Despite this widespread use, one of the areas of longstanding debate
has been whether metformin can be used safely in those with chronic kidney disease (CKD). The concern
is the possibility of an increased risk for lactic acidosis resulting from metformin accumulation in those
with renal impairment. Options in this patient population are limited, and many believe this risk has been
overstated, so several organizations around the world have made recommendations to allow for the cau-
tious use of metformin in patients with CKD. Lalau and colleagues have added new evidence with the
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metformin publication of 3 complementary studies of the use of metformin in people with CKD stages 3A, 3B or
safety 4—a dose-finding study, a chronic metformin treatment study and a pharmacokinetic study. The authors
sick day management tested adjusted dosage regimens based on level of CKD. The study demonstrates that although there is a

relationship between eGFR and metformin levels, there is not a relationship between metformin levels
and plasma lactate. In addition, as long as the metformin dosage was adjusted to the level of CKD, phar-
macokinetics remained stable. Based on this new evidence, together with past epidemiologic data and
systematic reviews, metformin appears to be a safe option for patients with CKD, assuming that the dosage
is adjusted individually. Stopping the drug during acute illness is also imperative to ensure its safe use.

© 2018 Canadian Diabetes Association.

RESUME

dMoost,: clés : La metformine associée a une intervention axée sur le mode de vie est considérée comme le traitement
maladie rénale de premiére intention pour prendre en charge la glycémie des personnes atteintes du diabéte de type 2.
acidose lactique En dépit de son utilisation généralisée, I'une (1) des questions débattues depuis longtemps est de savoir
metformine si la metformine peut étre utilisée de fagon sécuritaire chez les personnes qui ont une maladie rénale
sécurité chronique (MRC). Certains sont préoccupés par la possibilité d'un risque accru d’acidose lactique causée
gestion de jour de maladie par I'accumulation de la metformine chez les personnes qui présentent une détérioration du fonctionnement

rénal. Puisque les options de traitement chez cette population de patients sont limitées, et puisque plusieurs
croient que I'on a surestimé ce risque, plusieurs organisations du monde entier ont fait des recommandations
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pour favoriser I'utilisation prudente de la metformine chez les patients atteints de MRC. Lalau et ses collégues
ont apporté de nouvelles données probantes lors de la publication de 3 études complémentaires (1 étude
destinée a I'établissement de la posologie, 1 étude sur le traitement a long terme par metformine et 1
étude de la pharmacocinétique) sur 'utilisation de la metformine chez les personnes atteintes de MRC
de stades 3A, 3B ou 4. Les auteurs ont examiné les régimes posologiques ajustés selon le stade de la MRC.
L'étude démontre que bien qu'il y ait un lien entre le DFGe (débit de filtration glomérulaire estimé) et
les concentrations de la metformine, il n’existe pas de lien entre les concentrations de la metformine et
les concentrations plasmatiques de lactate. De plus, tant que la posologie de la metformine était ajustée
au stade de la MRC, la pharmacocinétique demeurait stable. Selon ces nouvelles données probantes, ainsi
que selon les données épidémiologiques et les revues systématiques, la metformine semble étre une option
sécuritaire chez les patients atteints de MRC, dans I’hypothése ot la posologie est ajustée de facon
individuelle. L'interruption du médicament durant une maladie d’évolution rapide est également impérative
pour s’assurer de son utilisation sécuritaire.

© 2018 Canadian Diabetes Association.

Introduction

Metformin, together with lifestyle intervention, is considered a
first-line therapy for glycemic management in people with type 2
diabetes by organizations around the world (1-4). Owing to its low
cost, safety and effectiveness, metformin is the most widely used
antihyperglycemic agent and the most common therapeutic ingre-
dient available in fixed-dose combinations. Despite this wide-
spread use, one of the areas of longstanding debate has been whether
metformin can be used safely by those with chronic kidney disease
(CKD). The concern is the possibility of an increased risk for lactic
acidosis resulting from metformin accumulation in those with renal
impairment (5-7). There are, however, many who believe this risk
has been greatly overstated (8).

Diabetes continues to be the leading cause of kidney disease in
Canada, and as much as 50% of people with diabetes will have signs
of kidney damage in their lifetimes (9-12). The question of whether
metformin is safe is important because options in this patient popu-
lation are limited. If the risks have been overstated, are we depriv-
ing patients of a safe and effective medication? Metformin
withdrawal is associated with worse glycemic control, blood pres-
sure and lipid levels and increased use of secretagogues or insulin,
with risk for weight gain and hypoglycemia (13-16). Access to newer
agents without renal cautions is limited in many places.

In part, metformin’s glucose-lowering action is mediated by
inhibiting the conversion of lactate into glucose in the liver. Because
metformin is eliminated unchanged by the kidneys (by glomeru-
lar filtration and tubular secretion), the same glucose-lowering effect
can be achieved with smaller dosages of metformin in people with
reduced glomerular filtration rates (GFRs) because of reduced elimi-
nation of the drug. Of concern is the potential for metformin to cause
excessive accumulation of lactate, resulting in lactic acidosis (LA),
which was observed with a related drug (phenformin) that was sub-
sequently taken off the market in 1978 (17). Fortunately, LA is rare
(despite the widespread use of metformin) and is generally asso-
ciated with acute, severe illnesses that cause excess production or
reduced ability to oxidize lactate (e.g. ischemia or hypoxia), which
are often associated with acute kidney injury and to which people
with CKD are more susceptible (Figure 1).

There is little evidence to link metformin, low GFRs and LA
directly. Although the clearance of metformin is reduced by approxi-
mately 75% when the estimated glomerular filtration rate (eGFR)
is <60 mL/min/1.73 m?, without further change when the eGFR
declines to 30 mL/min/1.73 m?, serum levels do not reach the levels
seen in patients with true metformin-associated lactic acidosis
(MALA) (18). In patients presenting with MALA, metformin levels
were 5- to 15-fold higher (5). The evidence for metformin-induced
LA stems mainly from case reports of patients who also had severe
underlying illness, and systematic reviews have not shown an
increased risk for LA with metformin (5,19-22). In studies of patients

continuing to receive metformin, even when they have an eGFR of
30 to 60 mL/min/1.73 m?, LA is very rare and the risk for it is similar
to the risk seen with other agents in patients with similar degrees
of renal impairment (23).

Although regulators provide frameworks to the pharmaceuti-
cal industry to guide study design, data analysis and interpreta-
tion of study results for product labeling in renal impairment, it is
unlikely that manufacturers will perform such studies for metformin
or other drugs that are approved and are now off patent (24,25).
However, because of the weak association with MALA, several orga-
nizations have developed new recommendations to extend the use
of metformin in people with CKD.

In 2013, the Canadian Diabetes Association (now Diabetes
Canada) clinical practice guidelines changed the recommendation
for metformin from the official product labeling, advising that it
could be used with caution in those with CKD stage 3. The recom-
mendation to avoid metformin in CKD stages 4 and 5 remained (1).
In 2016, the European Medicines Agency and the U.S. Food and Drug
Administration removed the contraindications to the use of
metformin in stages 3A and 3B (eGFR 45 to 59 and 30 to 44 mL/
min/1.73 m?, respectively) (26,27) and recommended not starting
the medication if the eGFR is less than 45 mL/min/1.73 m? and to
stop the medication at <30 mL/min/1.73 m2 However, patients taking
metformin and having eGFRs between 30 and 45 mL/min/1.73 m?
may continue to take the medication at a daily dose of 1,000 mg/
day given in 2 divided doses after assessment of the benefits and
risks of continued treatment.

There have also been changes in the recommendations for
patients receiving metformin and iodinated contrast imaging. Rather
than routinely stopping metformin for 48 h for all patients receiv-
ing iodinated contrast imaging, the 2017 American College of Radi-
ology Manual on Contrast Media now recommends that metformin
needs to be held only for those with acute kidney injury or CKD
(stage 4 or stage 5; i.e. eGFR <30 mL/min/1.73 m?) and those who
are undergoing arterial catheter studies that might result in emboli
(atheromatous or other) to the renal arteries because of the higher
risk in this population. Patients with eGFRs above 30 mL/min/
1.73 m? may continue taking the medication (28).

A New Study Looks at Metformin in CKD Stages 3A, 3B and 4

In the January 2018 issue of Diabetes Care, Lalau and col-
leagues published 3 complementary studies of the use of metformin
in people with CKD stages 3A, 3B or 4—a dose-finding study, a
chronic metformin treatment study and a pharmacokinetic study
(Figure 2). In the first dose-finding study, 69 participants with dia-
betes at any CKD stage underwent 3 1-week blocks of metformin
treatment at increasing doses, with a 1 week washout after each
block. Plasma and erythrocyte metformin concentrations were
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1. Because metformin is excreted by the
kidneys, the levels of metformin in the blood
will increase in patients with low eGFR
Therapeutic Effect

Metformin Excretion

6. The rapid decline in eGFR in AKI
will cause metformin accumulation

2. Higher metformin levels may further inhibit
conversion of lactate into glucose
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It is unusual for lactate to accumulate to dangerous |
levels
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production or prevent oxidation of lactate
causing lactate accumulation to dangerous

Lactic Acidosis levels seen in Lactic Acidosis
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Figure 1. Proposed mechanisms describing the impact of acute and chronic changes in glomerular filtration rates on the pharmacology of metformin and its potential asso-
ciation with lactic acidosis. AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.

Study 1: Subjects were treated with ascending doses of metformin for 1 week with measurement of metformin and lactate levels
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Study 2: Subjects with CKD were treated for 4 months with metformin doses adjusted for level of renal function and metformin and lactate levels
monitored each month

metformin and metformin and metformin and metformin and
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3a 45-59 500mg am, 1000mg pm 1. Metformjn levels were stablel over the 4—m9nth study
2. Dose adjustment achieved similar metformin levels across
3b 30-44 500mg bid CKD stages
3. No correlation between metformin and lactate levels
4 15-29 500mg daily
n=46 4 months
Study 3: Subjects with CKD were treated with metformin doses adjusted for level of renal function, and pharmacokinetic studies performed after 1 week
CKD eGFR
+
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Figure 2. Visual summary of the design and key results of 3 complementary studies examining the impact of renal impairment on the pharmacology of metformin. AKI,
acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; T2DM, type 2 diabetes.

assayed 12 h after the last dose of metformin, and lactate concen- concentration. However, no relationship was observed between
trations were measured for those with CKD stages 3 through 5. For metformin and plasma lactate. The patients with the highest
each dosage level, there was a significant inverse relationship metformin levels did not display elevated lactate levels, and true
between eGFR and the plasma and erythrocyte metformin hyperlactatemia (>5 mmol/L) was never observed. In the second
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study, 46 patients with type 2 diabetes and CKD stage 3A, 3B or 4
underwent 4 months of metformin treatment at fixed dosages
adjusted for CKD stage. Again, plasma and erythrocyte metformin
levels were measured at the end of each month 12 h after the last
dose of metformin (or 24 h after the last dose in CKD stage 4).
Overall, the plasma and erythrocyte metformin concentrations
remained stable; and, similar to the first study, no relationship was
observed between metformin levels and plasma lactate. Although
6 patients had lactate levels >2.5 mmol/L, there was no statisti-
cally significant relationship between lactate concentrations and
plasma or erythrocyte metformin levels. Only 1 patient had a level
>5 mmol/L in the context of a myocardial infarction. In the final phar-
macokinetic study, patients with CKD stage 3A, 3B or 4 (n=5 per
group) who received 1 month of treatment using the same adjusted-
dosage regimen based on CKD stage used in the second study had
various metformin parameters measured, including peak plasma
concentration (Cmax), time to Cmax and trough; then Lalau and col-
leagues calculated the area under the plasma drug concentration-
time curve, the elimination-rate constant, the terminal half-life and
the average steady state (29). There were no significant differ-
ences for the pharmacokinetic parameters across the 3 CKD stages,
providing validation for the chosen dosage regimens. Based on their
results, the authors recommend a dosage of 1.5 g daily (500 mg in
the morning and 1 g in the evening) for CKD stage 3A and 1 g daily
(500 mg bid) in CKD stage 3B. The US Food & Drug Administration
and the European Medicines Agency do not provide different dosage
recommendations for CKD stage 3A and 3B and recommend 500 mg
twice daily in both groups. However, this recommendation was made
before this new evidence was available. Although there was no
increase in the risk for elevated lactate levels, the authors did not
make any recommendation for the use of metformin in CKD stage
4, and the number of participants was relatively small. These phar-
macologic studies provide a rationale for testing the safety and effec-
tiveness of metformin 500 mg once daily in a larger, long-term
prospective study in people with CKD stage 4.

Conclusions

Metformin is an effective and widely used drug. Serious adverse
effects such as MALA are extremely rare and usually occur in patients
with underlying causes (5,21,22). The study by Lalau has demon-
strated that although an inverse relationship between eGFR and
metformin levels was noted, no relationship was observed between
metformin levels and plasma lactate levels. Consensus guidelines
suggest that metformin can be used safely in those with eGFRs as
low as 30 mL/min/1.73 m?. We now have important data provid-
ing robust evidence for rational dosage adjustments for patients with
eGFRs between 30 and 60 mL/min/1.73 m?, specifically 1.5 g daily
for CKD stage 3A and 1 g daily for CKD stage 3B. Furthermore, this
study suggests that low-dosage metformin (500 mg once daily) may
be safe in patients with eGFRs between 15 and 30 mL/min/1.73 m?.
Dosage adjustment of metformin should be recommended for people
with CKD so as to maximize the benefits and minimize the risks
of this effective medication. Further minimizing the risk for MALA
will require effective dissemination of sick-day management rec-
ommendations to patients and providers so as to avoid metformin
use when there is a risk for lactic acidosis, acute kidney injury or
hypoxia.
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