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OVERVIEW

Introduction

Metformin is a first line agent for the treatment of type 2 diabetes that can be used alone or in combination with
sulfonylureas, thiazolidinediones, incretin-based drugs, sodium glucose cotransporter-2 inhibitors, or other
hypoglycemic agents. Metformin has not been linked to serum enzyme elevations during therapy and is an
exceeding rare cause of idiosyncratic clinically apparent acute liver injury.

Background

Metformin (met for' min) is a biguanine and acts as an insulin sensitizing agent, probably through activation of
adenosine monophosphate dependent (AMP) kinase in liver and muscle tissue. Metformin is often associated
with weight loss making it a preferred, first line agent for management of overweight patients with type 2
diabetes. Initial concerns about the possibility that metformin (like the related biguanine phenformin) could
induce lactic acidosis have been largely resolved, although the agent is contraindicated in patients with renal
dysfunction because of this reason and should be used with caution in patients with significant liver disease.
Metformin was approved for use in the United States in 1995 and is currently one of the most commonly used
drugs for the therapy of diabetes, with more than 30 million prescriptions filled in the United States yearly.
Metformin is available in many generic forms in tablets of 500, 850 or 1000 mg, the recommended regimen
being to start with 500 or 850 mg once daily and increase based upon tolerance to 1000 to 2550 mg daily taken
in two divided doses. Commercial formulations include Glucophage, Glumetza, Fortamet and Riomet.
Metformin is also available in extended release formulations and in combinations with sulfonylureas such as
glipizide (Metaglip) or glyburide (Glucovance), DDP-4 inhibitors such as alogliptin (Kazano), linagliptin
(Jentadueto), saxagliptin (Kombiglyze) and sitagliptin (Janumet), as well as thiazolidinediones such as
pioglitazone (Actoplus) and rosiglitazone (Avandamet). Metformin is generally well tolerated but side effects can
include diarrhea, gastrointestinal upset, abdominal pain, nausea, metallic taste, weakness, headache, dizziness
and rash. Rare but potentially severe adverse events include lactic acidosis, hypoglycemia, dehydration and
hypersensitivity reactions.

Hepatotoxicity

Minor enzyme elevations have been reported to occur during metformin therapy in less than 1% of patients.
Indeed, metformin may actually lower elevated aminotransferase levels in patients with fatty liver disease.
Clinically apparent liver injury from metformin is very rare, fewer than a dozen cases having been described in
the literature despite widespread use of this agent for several decades. The liver injury usually appears after 1 to 8
weeks, typically with symptoms of weakness and fatigue followed by jaundice. Various combinations of
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hepatocellular and cholestatic injury have been described, and many have been mixed. Allergic manifestations
are not typical but rash, fever and eosinophilia have been described. Autoantibody formation is also not typical.
Because this agent is usually given in combination with other hypoglycemic agents, many of which also cause
liver injury, it can be difficult to establish whether the injury is due to metformin or another agent. The timing of
injury is perhaps most characteristic, the injury arising soon after the agent is started and not during long term
therapy. Recovery is usually rapid after metformin is stopped.

Likelihood score: B (rare but well documented cause of clinically apparent liver injury).

Mechanism of Injury

The mechanism of liver injury due to metformin is unknown. Metformin may actually be beneficial for some
forms of liver disease, such as nonalcoholic steatohepatitis and need not be avoided in patients with mild,
preexisting serum enzyme abnormalities. Acute liver injury from metformin may have a metabolic basis, arising
after weeks to months of therapy. Rechallenge can lead to recurrence, but also requires weeks to months of
therapy before injury reappears.

Outcome and Management

The liver injury from metformin usually resolves rapidly once the agent is stopped. Chronic injury has not been
described. No convincing cases of fulminant hepatic failure from metformin have been reported. In cases in
which multiple hypoglycemic agents were being used when the liver injury appears, rechallenge with the agent
least likely associated with the injury is appropriate. There is no cross reactivity in hepatotoxicity with other
antidiabetic medications.

Drug Class: Antidiabetic Agents

CASE REPORTS

Case 1. Acute hepatitis due to metformin.(1)

A 67 year old woman with diabetes was started on metformin (500 mg twice daily) and developed fatigue,
weakness and jaundice five weeks later. She had no history of liver disease or risk factors for viral hepatitis and
did not drink alcohol. She had coronary artery disease and medications taken chronically included aspirin,
isosorbide mononitrate, diltiazem and acarbose. On admission, 6 weeks after starting metformin, she had a total
bilirubin of 4.8 mg/dL (Table). Tests for hepatitis A, B and C were negative. She had antinuclear antibodies
(1:320). An abdominal ultrasound and CT scan were normal. Liver biopsy showed acute inflammation.
Metformin and acarbose were withdrawn and gliclazide started. The jaundice slowly resolved over the next three
months, but metformin was subsequently restarted, and jaundice reappeared 3 months later. Metformin was
again withdrawn and her liver injury improved slowly.

Key Points

Medication: Metformin (500 mg twice daily)
Pattern: Hepatocellular (R=26)

Severity: 3+ (hospitalization for jaundice)
Latency: 5 weeks

Recovery: Complete within 2 months

Other medications: Acarbose, diltiazem, aspirin, isosorbide mononitrate
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Laboratory Values

Time After Time After ALT* Alk P Bilirubin* Other
Starting Stopping (U/L) (U/L) (mg/dL)
6 weeks 0 905 121 4.8 ANA: 1:320
7 weeks 1 week 960 4.5 Liver biopsy
8 weeks 2 weeks 1160 3.0
9 weeks 3 weeks 1080 3.0
3 months 6 weeks 280 4.0
4 months 10 weeks 120
12 weeks 40 1.0

Metformin restarted approximately 4 months later

12 weeks 0 880 3.0
13 weeks 1 week 1240 2.5 ANA still present
14 weeks 2 1120 2.2
15 weeks 3 920 2.1
4 months 4 800 2.5
5 months 9 480 1.0
6 months 13 40 1.0
Normal Values <40 <130 <1.2

*Values of ALT and bilirubin were estimated from the figure and converted from times upper limit of normal to absolute values based
upon normal values provided.

Comment

This patient developed an acute hepatitis-like illness with mild jaundice after 5 weeks of therapy with metformin
which was somewhat slow to resolve. Upon rechallenge, there was a recurrence of the liver injury, but only after
metformin had been given for several months. Nevertheless, the pattern and subsequent course of the liver
injury was similar to the original episode making it likely that metformin was the cause of the injury. While most
causes of liver injury were excluded (hepatitis A, B and C, cholecystitis), the presence of a strongly positive ANA
raises the possibility that the patient had autoimmune hepatitis with an acute, fluctuating onset and course. The
liver biopsy apparently did not suggest autoimmune hepatitis, but this possibility can be excluded only by
turther follow up. In assessing hepatotoxicity from commonly used medications such as metformin, the
possibility of an unusual presentation of a common liver disease must always be considered.

Case 2. Acute hepatitis-like injury due to metformin.(2)

A 73 year old Japanese woman with poorly controlled diabetes, despite therapy with a sulfonylurea and
pioglitazone, was started on metformin (500 mg twice daily) and developed fatigue, weakness and jaundice 3
weeks later. She was known to have had normal liver tests before starting metformin. On admission, laboratory
testing showed a total bilirubin of 6.5 mg/dL and a hepatocellular pattern of serum enzyme elevations (Table).
All oral antidiabetic agents were stopped and she was managed on insulin. Tests for hepatitis B and C infection
were negative as were autoantibodies. Ultrasound, CT and ERCP were unremarkable. Her serum enzymes
improved rapidly once metformin was stopped and were normal 7 weeks later.



Key Points

Medication:
Pattern:
Severity:
Latency:
Recovery:

Other medications:

Metformin (500 mg twice daily)
Hepatocellular (R=21)

3+ (hospitalization for jaundice)
3 weeks

Complete within 2 months

Nateglinide and pioglitazone for 6 months

Laboratory Values

Time After Time After ALT AlkP Bilirubin Other
Starting ~ Stopping (U/L) (U/L) (mg/dL)

Pre

3 weeks 0

4 weeks 1 weeks
6 weeks 3 weeks

8 weeks 5 weeks
10 weeks 7 weeks

Normal Values

Comment

16 337 0.7

772 635 6.5 Admission
353 480 3.2
101 2.6 Symptoms resolved
65 1.7
13 0.6

<36 <359 <1.2

LiverTox

The patient developed an acute hepatitis-like illness with mild jaundice 3 weeks after metformin was added to a
chronic regimen of a metiglinide analogue and thiazolidinedione for poorly controlled diabetes. Symptoms
resolved within 2 weeks and all liver tests were normal 7 weeks after stopping the medications. No other cause
for acute hepatitis was identified. Both nateglinide and pioglitazone have been reported to cause liver injury, but
the timing of onset of the hepatitis most closely implicates metformin. Rechallenge with the other antidiabetic
medications would have been appropriate.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Metformin - Generic, Fortamet®, Glucophage®, Riomet®

DRUG CLASS

Antidiabetic Agents

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULA AND STRUCTURE

DRUG CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE


https://dailymed.nlm.nih.gov/dailymed/search.cfm?labeltype=all&query=Metformin

Metformin

Table continued from previous page.

Metformin 657-24-9 C4-H11-N5
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