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Abstract Metformin remains a widely-used, first-line phar-
macotherapy agent for patients with type 2 diabetes mellitus
because of its efficacy, mild side effects, and affordability.

However, use of this medication has traditionally been
shunned by clinicians in patient populations that are consid-
ered at risk of lactic acidosis, such as those with heart failure.
The underutilization of metformin can largely be attributed to
the historical stigma of its biguanide predecessor, phenformin,
and its association with lactic acidosis. Despite various studies
finding low rates of lactic acidosis and the United States
Federal Drug Administration’s subsequent removal of heart
failure from metformin’s contraindication labeling in 2006,
this oral hypoglycemic remains underutilized in this patient
population. In addition to reports of the safe use of metformin
in the heart failure population, a multitude of studies have also
additionally suggested a modest reduction in mortality and
morbidity. Metformin’s role should be strongly reconsidered
in the armamentarium of diabetes management in heart failure
patients.
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Introduction

Diabetes mellitus (DM) has a decidedly complicated relation-
ship with heart failure (HF), acting as both an instigator and a
catalyst of disease. At one end of the spectrum, DM is esti-
mated to increase risk of developing HF by 2.5-fold, as ob-
served in the retrospective study in the patients of Kaiser
Permanente Northwest [1]. Conversely, at the detriment of
patients already diagnosed with HF, DM also worsens clinical
outcomes of mortality and hospitalizations due to HF [2–4]. In
a recent PARADIGM-HF subgroup analysis, Kristensen, et al.
found that HF patients with a history of DM and a new DM
diagnosis, both had worse outcomes compared to nondia-
betics (hazard ratio [HR] 1.64, 95% confidence interval [CI]
1.44–1.88, p < 0.001; HR 1.39, 95% CI 1.18–1.64, p < 0.001,
respectively) [5]. Given this deleterious correlation between
these two disease states, prevention and treatment of DM is of
paramount importance to prevent mortality and morbidity in
HF patients.

Metformin, a member of the biguanide class, has tradition-
ally been regarded as first-line pharmacotherapy for DM be-
cause of its affordability, favorable safety profile, and proven
clinical benefits [6, 7]. However, the narrative has been differ-
ent for HF patients, owing to concerns about metformin-
associated lactic acidosis (LA). This condition, characterized
by lactate levels ≥ 5 mmol/L and arterial pH < 7.35 and attrib-
uted to metformin overdosing and/or accumulation secondary
to renal failure, is potentially life-threatening, requiring close
vigilance and management in the hospital setting [8–10].
While it is a severe and undesired adverse event, the risk of
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developing metformin-associated LA are often overstated,
which, in the opinion of the authors of this article, can be
largely attenuated with judicious use of the medication. In this
review article, we seek to investigate the historical basis of the
contraindication of metformin in HF, explore mechanisms of
pathophysiology for lactic acidosis, and examine the evidence
of utilizing this agent in HF patients.

Historical background of biguanides in heart failure

Fear of metformin-associated LA originated from the clinical
experience with phenformin several decades ago. Initially, the
sole biguanide approved in the USA in the 1950s,
phenformin, was eventually estimated to be implicated in 40
to 64 cases per 100,000 patient-years, representing a rate of
four to six times higher than that of diabetics not treated with
the drug [8, 11]. With mounting evidence of phenformin-
associated LA, the medication was ultimately withdrawn from
the market in 1976. However, an unintended consequence of
this was the stigmatization of metformin, thus dampening the
enthusiasm for pursuing Food and Drug Administration
(FDA) approval in the USA [8, 10, 11].

Nineteen years after phenformin’s removal, the United States
FDA approved metformin for use. Another setback to wide-
spread adoption of the antihyperglycemic agent, however, came
on November 6, 1997 when the FDA added Bcongestive heart
failure requiring treatment^ to the contraindications of the prod-
uct labeling. Between May 1995 and June 1996, 47 patients
were diagnosed with metformin-associated LA and confirmed
to have lactate levels exceeding 5 mmol/L, 18 (38%) of whom
carried a diagnosis of HF [12]. It was only until 2006 that the
FDA removed HF as a contraindication, instead urging cautious
use in patients with acute or unstable HF [11]. Despite these
revised recommendations, some clinicians still shy away from
metformin because of its predecessor’s troubled history.

Pharmacology of biguanides and implications
on lactic acidosis

Inhibition of gluconeogenesis, one of the biguanides’ class
effects, is implicated in the development of lactic acidosis.
Under normal physiological conditions, pyruvate plays a cen-
tral role as a substrate for numerous metabolic processes: rel-
evant to this discussion, the Krebs Cycle and gluconeogenesis.
Biguanides inhibit the function of three different intracellular
targets: pyruvate carboxylase, pyruvate dehydrogenase, and
complex 1 in the mitochondrial electron transport chain (see
Fig. 1) [8, 10, 13, 14]. Inhibition of pyruvate carboxylase
prevents the formation of oxaloacetate, a substrate important
in both gluconeogenesis and the Krebs Cycle. By inhibiting
pyruvate dehydrogenase, this impacts the production of acetyl

co-enzyme A, which further hampers entry into the Krebs
Cycle. Regeneration of NAD+ from NADH via the mitochon-
drial electron transport chain is also affected by biguanides’
inhibition of complex 1. The ultimate result from multiple
hindrances in pyruvate’s metabolic pathways is the promotion
of an environment favorable to shunting substrates towards
lactate formation, mediated by lactate dehydrogenase and el-
evated levels of NADH. Further adding the proverbial fuel to
the fire, gastrointestinal adverse effects of nausea, vomiting,
and subsequent lack of appetite at supratherapeutic levels of
biguanides induce a state of Bstarvation,^ resulting in lower
levels of basal insulin. This in turn leads to protein and fat
catabolism, which provides more available substrate for pyru-
vate formation and promotes ketogenesis in a state of
hyperlactatemia.

Given the historical background of phenformin use and
complex pathophysiology of LA, it comes as no surprise that
metformin has inherited the stigma of its predecessor.
However, it is important to highlight the striking difference
in biguanide-associated LA rates between phenformin and
metformin. Later studies estimated that metformin-
associated LA occurred between 3 and 9 cases per 100,000
patient-years, which is interestingly similar in incidence for
diabetics who are not treated with metformin [8, 11]. In a large
meta-analysis of 96,295 diabetics comparing metformin and
non-metformin treatment, it was found that the former cohort
had fewer cases of LA than the latter (4.3 cases per 100,000
patient years vs. 5.4 cases per 100,000 patient years) [15]. In
other words, there is little cause to believe that metformin is
linked to excess cases of LA.

Perhaps then, the difference in rates of biguanide-
associated lactic acidosis can be explained by the pharmaco-
logical properties of each respective drug (Table 1). Unlike
metformin, phenformin undergoes hepatic metabolism by
debrisoquin, forming 4-hydroxy-phenformin; however, ap-
proximately 8% of British whites have this genetic polymor-
phism [10, 13, 16]. In a study of eight healthy volunteers in
1983, four Bpoor metabolizers^—i.e., those with debrisoquin
polymorphism—were observed to have elevated peak concen-
trations and drug exposure compared to the four Bextensive
metabolizers^ (Cmax: 152.2 ± 12.7 vs. 99.8 ± 13.7 ng/mL; 8-h
area-under-curve: 779 ± 99 vs. 549 ± 47 ng hr/mL) [16].
Further corroborating the relation between this genetic poly-
morphism and LA, the investigators also found higher blood
lactate levels in the Bpoor metabolizers^ than Bextensive
metabolizers,^ with levels above 0.6 mmol/L in the former
and levels below 0.6 mmol/L in the latter over an 8-h obser-
vation period. Comparatively, metformin does not undergo
hepatic metabolism and is predominantly removed from the
body via renal elimination pathways. Another unfavorable
characteristic also includes the plasma half-life of phenformin
at around 9 to 12 h, compared to 6.2 h for metformin [9, 13,
17]. Phenformin also has stronger binding affinity for
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complex 1 in the mitochondrial chain and inhibits peripheral
glucose oxidation, whereas metformin does not [8, 10, 13]. It
may be for these pharmacological advantages that metformin
has had lower incidences of LA compared to its predecessor.

Evidence of metformin use in HF: safety perspective

Although there is limited literature focusing exclusively on
HF populations, metformin use appears to be safe. While the

47 reports of LA between May 1995 and June 1996 became
inevitably entwined with HF, later studies suggest there is
weak evidence that metformin causes LA in HF patients. A
large observational database study comparing different com-
binations of sulfonylureas, metformin, and insulin was con-
ducted in Danish HF patients from 1997 to 2006, where met-
formin was used in 2952 (27%) patients [18]. While the pri-
mary focus of the study was on all-cause mortality among
different treatment regimens, no hospitalizations or deaths
due to metformin-associated LA were reported. However, it

Table 1 The difference in rates
of biguanide-associated lactic
acidosis explained by the
pharmacological properties of
each respective drug

Pharmacological
characteristic

Phenformin Metformin

Pharmacodynamic

Intracellular targeting Stronger affinity at high concentrations for
complex 1 in the mitochondrial
electron transport system

Weak or no affinity for
complex 1 in the mitochondrial
electron transport system

Peripheral glucose
oxidation inhibition

Yes No

Pharmacokinetic

Metabolism Hepatic via debrisoquin (subject to
genetic polymorphism)

None

Elimination Renal elimination (~ 33% of
unchanged drug detected)

Primarily renal elimination via
tubular secretion (~ 90% of drug
eliminated after 24 h)

Plasma half-life 9 to 12 h 6.2 h

Electron Transport Chain 

Complex 1

NAD
+ NADH

Acetyl-CoA

Oxaloacetate

Krebs 

Cycle

“Starved”
State:
Protein & Fat 

Catabolism

At High Serum 
Levels:

Nausea

Vomiting

Lack of Appetite

Lactate

Acidosis

Mitochondria Cytosol

Gluconeo
-genesis

Pyruvate

Metformin

Biguanides

Fig. 1 Pyruvate is a substrate that
is central to many processes
involved in lactic acidosis.
Inhibition of pyruvate carboxylase
and pyruvate dehydrogenase
impairs the ability to enter into the
Krebs Cycle, while the former
additionally prevents effective
gluconeogenesis. NADH
imbalances (not depicted) further
decrease entry into the Krebs
Cycle. Especially at
supratherapeutic levels of
biguanides, gastrointestinal
adverse effects may lead to a
Bstarvation^ state in the body,
which results in protein and fat
catabolism thus adding more
substrates for pyruvate formation
and ketones
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is noteworthy that concurrent renal disease was low at 2%. No
other safety outcomes were reported. In another study in Spain
between January 1, 2001 andDecember 31, 2009, Romero, et al.
reviewed the national database for patients with HF and new-
onset DM, identifying 592 patients taking metformin and 592
patients whowere not prescribed metformin [19]. Over a median
follow-up period of 56.9 months, the authors reported no events
of metformin-associated LA occurring in the overall cohort. In
contrast with the Danish retrospective analysis, 29.6% patients
taking metformin had concomitant renal disease.

In two case series of diabetics who experienced LA, met-
formin usage appears to be a coincidence, rather than the
culprit of the acute episode. In fact, there was poor correlation
between mortality from LA in metformin users and both se-
rum concentrations of metformin and lactate, suggesting other
risk factors resulted in severity of hyperlactatemia and mortal-
ity. In 49 French patients, Lalau and Race compared the met-
formin serum concentrations in the survivors (n = 27) and the
deceased (n = 22), which were 20.6 and 6.3 mcg/mL, respec-
tively [20]. If solely focusing on the 15 patients with HF, the
median metformin serum levels were 25.1 and 4.4 mcg/mL in
the survivors (n = 10) and the deceased (n = 5) (see Fig. 2). In
a literature search summarizing 47 LA cases, Stades and col-
leagues also revealed similar findings, with the 32 survivors
reflecting elevated metformin concentrations compared to the
15 deceased patients (37.4 vs. 4.9 mcg/mL, respectively) [21].
Further analysis showed that neither plasma metformin or
lactate levels correlated with mortality (p = 0.16 and 0.19,

respectively). Upon closer inspection of 23 patients with chronic
cardiovascular conditions (the authors did not separately identify
HF patients), median metformin levels were 23.2 and 4.1 mcg/
mL in the survivors (n= 4) and the deceased (n= 3), respectively.
Instead, the authors concluded that a combination of other factors
likely resulted in hyperlactatemia.

While these studies were observational in nature, the data
revealed no reports of metformin-associated LA in these large
cohorts of patients, suggesting that metformin can be used safe-
ly in HF patients. Even in clinical scenarios where metformin
was suspected to be the offending agent, severity of LA and
subsequent mortality did not appear to be related to the drug.
For these reasons, metformin is likely safe for HF patients.

Evidence of metformin use in HF: Efficacy
perspective

A review of the current literature suggests metformin may
have a beneficial effect on clinical outcomes in patients with
concurrent HF and DM.

Mortality

An early case-control study from the United Kingdom
General Practice Research Database evaluated patients older
than 35 years of age with newly diagnosed HF and DM be-
tween 1988 and 2007 [22]. The investigators found that

Fig. 2 A comparison of median metformin and lactate levels in HF
patients who developed LA in the Lalau, et al. and Stades, et al. case
series is depicted here. The average metformin serum levels were
typically higher in patients who recovered from LA, compared to those

who did not survive. On the other hand, lower lactate levels were
observed in survivors than in those who perished from LA. Asterisks
denote that data was not provided/available for certain patients
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metformin monotherapy was associated with reduction in all-
cause mortality compared to other treatment modalities in di-
abetics with HF (adjusted odds ratio [OR] 0.65, 95% CI 0.48–
0.87). Even when metformin was combined with other phar-
macotherapy agents, metformin-containing regimens had
lower rates of mortality than antihyperglycemic regimens
lacking metformin (adjusted OR 0.72, 95% CI 0.59–0.90).
A US observational study between 1998 and 2001 echoed
similar observations in discharged elderlyMedicare beneficia-
ries with concurrent HF and DM, where metformin therapy
reduced the risk of all-cause mortality by 14% compared to
regimens utilizing sulfonylureas or insulin (HR 0.86, 95% CI
0.78–0.97) [23]. In a study of 2874 American veterans with
concurrent HF and DM, metformin use was associated with a
24% relative reduction in 2-year mortality (16.1 vs. 19.8%;
adjusted HR 0.76, 95% CI 0.63–0.92, p < 0.01) [24].

The most recent meta-analysis by Crowley, et al. suggests
that metformin in HF patients can improve clinical outcomes
in all-cause mortality as well as cardiovascular mortality [25].
Metformin use was associated with a 22% reduction in all-cause
mortality based on the combined data from 35,410 patients
across 11 observational studies (HR 0.78, 95% CI 0.71–0.87,
Q = 26.6 [p = 0.003], I2 = 62.3%). When specifically evaluating
cardiovascular mortality (n = 6486), metformin treatment exhib-
ited a non-significant reduction compared to other antidiabetic
medications (HR 0.77; 95% CI 0.53–1.12; Q = 7.8 [p = 0.02];
I2 = 74.3%). However, the heterogeneity was substantial, which
influences the interpretation of the results.

Renal dysfunction also plays an important role in clini-
cians’ decision to utilize metformin in their diabetic patients
with concurrent HF. In the subgroup analysis from the
Veterans Administration study, Aguilar and his colleagues
found metformin was associated with a significant reduction
in all-cause mortality for patients with an estimated glomer-
ular filtration rate (eGFR) < 60 mL/min/1.73 m2 (adjusted
HR 0.70, 95% CI 0.52–0.94), whereas patients with eGFR
≥ 60 mL/min/1.73 m2 did not demonstrate benefit (adjusted
HR 1.00, 95% CI 0.75–1.35) [24, 26]. Given the discrepan-
cy in these two cohorts, metformin appears to, at a mini-
mum, not increase harm in patients with impaired renal
function and carries potential benefit (p = 0.09 for interac-
tion). In a 2013 meta-analysis, Eurich, et al. determined in a
cohort of patients with HF, DM, and chronic renal insuffi-
ciency that less metformin users died compared to their
counterparts not taking metformin (pooled adjusted risk es-
timate: 0.81; 95% CI 0.64–1.02; p = 0.08) [26]. While the
difference in mortality rates was not statistically significant,
these findings challenge the notion of metformin causing
harm in the setting of renal dysfunction. While the charac-
teristics of HF and chronic renal insufficiency were evaluat-
ed separately in an international DM registry analysis, lower
rates of all-cause mortality were also seen in both the HF
and eGFR 30–60 mL/min/1.73 m2 subgroups (HR 0.69,

95% CI 0.54–0.90, p = 0.006; HR 0.64, 95% CI 0.48–
0.86, p = 0.003, respectively) [27]. The results from the
Swedish National Diabetes Register also support these find-
ings, as patients with eGFR between 45 and 60 mL/min/
1.73 m2 experienced less deaths with metformin-based reg-
imens than those treated with other modalities (HR 0.87,
95% CI 0.77–0.99) [28].

Hospitalization

Overall, the data from available clinical studies corroborate
with the notion that metformin may have beneficial effects
on morbidity. The investigators in a Spanish database study
found that metformin users were admitted for HF at a rate of
14.7 ± 3.3%, compared to non-metformin users at a rate of
16.5 ± 3.6% (p = 0.003) [19]. Masoudi, et al. also observed
similar trends: metformin patients had a lower likelihood of
HF readmission than their counterparts who did not take met-
formin (adjusted HR 0.92, 95% CI 0.86–0.99), while having a
nonsignificant reduction in all-cause readmissions (adjusted
HR 0.94, 95% CI 0.89–1.01) [23]. Meanwhile, Aguilar and
his co-investigators observed no difference in HF readmission
(adjusted HR 0.93, 95% CI 0.74–1.18, p = 0.56) or all-cause
readmission (HR 0.94, 95% CI 0.83–1.07, p = 0.35) between
metformin-treated patients and patients receiving alternate
agents [24]. After conglomerating the data across four studies
from 27,050 patients, Crowley and his colleagues found met-
formin was associated with reducing HF hospitalizations by
13% (HR 0.87, 95% CI 0.78–0.97, Q = 11.7 [p = 0.009],
I2 = 74.3%) [25]. Another recent database analysis also found
metformin, compared to sulfonylureas, having lower rates of
the primary outcome (defined as a composite endpoint of car-
diovascular death or hospital admission due to HF) that were
primarily driven by hospitalization events [29]. In the subset
consisting of 8128 patients with a baseline history of HF, 397
primary outcome events occurred in patients taking sulfonyl-
ureas, compared to 307 in their metformin counterparts (ad-
justed HR 1.39, 95% CI 1.20–1.62).

From the available literature involving this subset of the
diabetic population, the evidence collectively suggests that at
a minimum, metformin is not harmful to diabetics with con-
current HF and may even be beneficial in reducing mortality
and morbidity. However, caution must be exercised in its in-
terpretation. While these retrospective, observational studies
and meta-analyses prove to be a valuable resource in the ab-
sence of rigorously tested data, their study designs and subse-
quent results are subject to confounders and heterogeneity that
obfuscates our ability to delineate the true effects ofmetformin
in a patient having both HF and DM. Another unaddressed
gap in the literature is the appropriateness of metformin in the
setting of renal insufficiency. Some data suggests that eGFR
above 30 or 45 mL/min/1.73 m2 would be beneficial. Further
muddying the waters are the advances in HF management
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across the timespan covered in these articles, with some pa-
tient data originating in the late 1980s. Robustly designed,
prospective, randomized clinical trials in the modern setting
of optimal HF treatment are needed to truly elucidate
metformin’s efficacy in this patient population.

Appropriate use of metformin in HF

Based on the evidence provided earlier in this article, having a
medical history of HF does not necessarily preclude patients
from incorporating metformin into their medication regimens.
However, clinicians should remain wary of severe renal insuf-
ficiency, i.e., eGFR < 45 mL/min/1.73 m2. While the human
body possesses innate lactate clearance via the liver (~ 60%)
and kidneys (~ 30%), potential situations increasing the risk of
metformin-associated LA should alarm the clinician to discon-
tinue the medication, i.e., lactate overproduction or impaired
lactate elimination [8]. Situations that warrant closer monitor-
ing include, but are not limited to those where hypoxia may be
a concern (i.e., sepsis and inadequate organ perfusion during
acute decompensated heart failure), hepatic impairment (i.e.,
impaired lactate clearance), and renal impairment (i.e., im-
paired metformin clearance, leading to lactate overproduc-
tion). At the behest of the authors of this article, safe prescrib-
ing practices for metformin should follow the recommenda-
tions from the FDA (Table 2) and the available clinical evi-
dences are summarized above [9, 30].

Conclusion

In the absence of randomized clinical trials, current evidence
from retrospective studies suggests that metformin is a viable
treatment option for patients with concurrent HF and DM, and
perhaps even renal insufficiency. The concern for drug-

induced LA largely stems from phenformin’s storied past
and unfairly dismisses metformin from the armamentarium
of oral hypoglycemics that are compatible with HF patients.
While risk factors for metformin-associated LA should not be
overlooked, a multitude of studies report low rates of this life-
threatening complication. Furthermore, numerous efficacy
analyses suggest that HF patients derive a modest benefit in
mortality and morbidity from metformin treatment. With the
inherent low risks of LA and possible mortality and morbidity
reduction, we believe that this embargo on metformin treat-
ment in HF patients should be lifted, and metformin should be
used judiciously in eligible candidates.
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