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Diabetes mellitus is a major, global problem. Among the numerous complications of diabetes, there is increasing concern over the coexisting
heart failure. Metformin is the most frequently used oral antidiabetic drug that is considered to be safe and effective in the management of
type 2 diabetes mellitus. Since the publication of the UK Prospective Diabetes Study, it has been suggested that metformin might improve
cardiovascular prognoses. Results from available studies have shown that metformin therapy in patients with type 2 diabetes mellitus
and heart failure was associated with improved clinical outcomes when compared with other oral antidiabetic agents, insulin, or lifestyle
management. However, there have been no randomized controlled trials evaluating the influence of metformin use on clinical outcomes
in patients with type 2 diabetes mellitus and heart failure. New evidence from large cardiovascular outcome trials that showed a reduction in heart failure hospitalization for SGLT2 inhibitors caused changes in recommendations on the management of hyperglycaemia.
Currently, the European Society of Cardiology recommends sodium-glucose co-transporter 2 inhibitors in patients with type 2 diabetes
mellitus and heart failure or at high risk for heart failure, as a first choice in drug naïve patients, or as a second drug if the patient is already on metformin. The aim of our study is to review the current state of knowledge about the position of metformin in the treatment
of patients with type 2 diabetes mellitus and heart failure. (Endokrynol Pol 2021; 72 (2): 163–170)
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Introduction
Diabetes mellitus is a significant medical, social, and economic problem. Data from the International Diabetes
Federation show that diabetes affects 463 million adults
worldwide, and it is estimated that one in two people
living with diabetes are unaware of their condition [1].
In Poland, the number of people suffering from diabetes
amounted to 2.533 million in 2017 [2]. Among the numerous health complications of diabetes mellitus there
is increasing concern over a previously undervalued
issue: coexisting heart failure (HF).
In 2020, on the 56th annual meeting of the European
Association for the Study of Diabetes (EASD), the CAPTURE study on the prevalence of cardiovascular disease
(CVD) involving 9823 patients with type 2 diabetes mellitus (T2DM) from 13 countries was presented. Overall,
34.8% of participants had CVD, and 2.4% suffered from
HF [3]. In the analysis from the CVD-REAL 2 multinational cohort study on the risk of cardiovascular (CV)
events and death in 38,6248 adult patients with T2DM,
newly initiated on sodium-glucose co-transporter 2

(SGLT2) inhibitors or dipeptidyl peptidase-4 (DPP-4)
inhibitors, HF was present in 7% of patients at baseline [4]. The prevalence of HF in diabetic patients in
real-world studies ranges from 5 to 6.8% [5, 6].
Metformin is the most frequently used oral antidiabetic drug that is considered to be safe and effective in the management of T2DM [7]. It acts as
a glucose-lowering agent through the decrease of
hepatic glucose production, as well as lowering insulin
resistance in peripheral tissues. Besides its neutral effect
on body weight and its positive impact on lipidogram,
metformin’s influence on the CV system seems to be
cardioprotective, because it has a beneficial impact on
the vascular wall and clotting system parameters [8].
Since the publication of UK Prospective Diabetes Study
34 (UKPDS 34), metformin has emerged as a drug that
seems to decrease the risk of diabetes-related endpoints,
including macrovascular and microvascular complications, in overweight patients with T2DM. The results
of UKPDS 34 showed that patients who were allocated
metformin had a 32% lower risk (p = 0.0023) of developing any diabetes-related endpoint, a 36% lower risk
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(p = 0.011) of all-cause mortality, and a 39% lower risk
(p = 0.010) of myocardial infarction (MI), in comparison to management with diet alone [9]. Moreover, in
the post-trial 10-year follow-up of intensive glucose
control, metformin proved to have a long-term effect
on macrovascular outcomes, decreasing the risk of MI
by 33% (p = 0.005) [10].
New evidence from large cardiovascular outcome
trials (CVOTs), which showed CV benefits from the use
of newer glucose-lowering drugs in patients with CVD
or at very high/high CV risk, led to changes in the recommendations on the management of hyperglycaemia.
The aim of this article is to review the current state
of knowledge about the position of metformin in the
treatment of patients with T2DM and HF.

REVIEW

Metformin in patients with type 2 diabetes
mellitus and heart failure:
a review of research studies
In the analysis of 1833 new users of oral antidiabetic
agents with incident HF, metformin use, in monotherapy (n = 208) or in combination with sulfonylureas
(n = 852), was compared with sulfonylurea monotherapy (n = 773) (Tab. 1). During the 2.5-year follow-up,
all-cause mortality and all-cause hospitalization, both
at 1 year and at the end of the follow-up period, were
evaluated. Metformin, alone or in combination with
sulfonylureas, was associated with reduced 1-year
and longer-term all-cause mortality in comparison to
sulfonylurea monotherapy. On the other hand, there
was no significant association between compared
groups and all-cause hospitalization. In the composite
outcome analysis fewer deaths and/or hospitalizations
occurred in patients on metformin monotherapy and
combination therapy when compared with sulfonylurea monotherapy [11].
Sulfonylurea monotherapy was also used as a reference group in the observational study of 10,920 patients
treated with metformin, sulfonylureas, and/or insulin,
and hospitalized for the first time for HF. Metformin in
monotherapy and in combination with sulfonylureas
was associated with lower all-cause mortality compared
with sulfonylureas in monotherapy. The results were
similar in a separate analysis of patients using and not
using insulin [12].
In the observational study of 16,417 patients with
T2DM, discharged from a hospital with a major discharge diagnosis of HF, the influence of insulin-sensitizing drugs on 1-year all-cause mortality, 1-year all-cause
hospitalization, and HF hospitalization was assessed.
Individuals treated with thiazolidinediones (n = 2226),
metformin (n = 1861), as well as both thiazolidinediones
and metformin (n = 261) had a lower risk of death com-
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pared with patients not treated with insulin-sensitizing
drugs (n = 12069). There was no difference in all-cause
hospitalization between insulin-sensitizing agents,
although patients receiving metformin had a lower
risk of hospitalization for HF, while patients receiving
thiazolidinediones had a higher risk of hospitalization for HF when compared with the therapy without
an insulin-sensitizing drug [13].
MacDonald et al. designed a case-control study
that assessed treatment with metformin in patients
newly diagnosed with HF and T2DM, during a median
follow-up of 2.8 years. A comparison group consisted
of individuals without an antidiabetic drug in their
therapy. Metformin monotherapy was associated with
lower all-cause mortality when compared with patients
not exposed to antidiabetic therapy [14].
In the analysis of 6185 ambulatory patients with HF
and T2DM, 1561 participants treated with metformin
were compared with 4624 patients not treated with metformin. During the follow-up period of 2 years, the risk
of death and the risk of hospitalization were assessed.
Additionally, the relationship between metformin use
and outcomes (time to death, time to HF hospitalization,
and time to any hospitalization) was assessed using
propensity score-matched analysis that consisted of
29 baseline variables, and compared patients receiving
metformin with patients not receiving metformin. Metformin therapy was associated with reduced mortality
in comparison to therapy without metformin, in both
unadjusted and propensity score-matched analysis. The
risk of hospitalization for HF as well as all-cause hospitalization was lower in patients receiving metformin
compared with those not receiving metformin in unadjusted analysis; however, in propensity score-matched
analysis there was no statistically significant difference
between groups [15].
Shah et al. investigated the use of metformin in
patients with left ventricular ejection fraction (LVEF)
below 40% (mean LVEF 24 ± 7%) and T2DM. Forty-two
per cent of patients were in New York Heart Association
(NYHA) class III and 45% in NYHA class IV. Ninety-nine
patients who were on metformin therapy, as a monotherapy or in combination with other antidiabetic drugs,
were compared with 302 patients using oral antidiabetic
drugs other than metformin and/or insulin. During the
6-month follow-up period, LVEF significantly improved
in patients on metformin therapy compared with patients without metformin in their therapy. However,
after adjustment for angiotensin-converting enzyme
inhibitors (ACEI)/angiotensin receptor blockers (ARB)
and B-blocker therapy the improvement in LVEF was
nonsignificant. Patients on metformin therapy had
significantly longer survival and lower risk of combined
endpoint (all-cause mortality and the need for urgent

10,920 patients
hospitalized for the first
time for HF with prior
diabetes

Eurich et al. [11]

Andersson et al.
[12]

Population

1833 new users of oral
antidiabetic agents with
incident heart failure

Clinical trial

Separate analysis of patients not using insulin, compared
with the use of sulfonylureas as monotherapy:

Metformin plus sulfonylurea plus insulin
(n = 247)

REVIEW

insulin (n = 3718)
vs.
Sulfonylurea monotherapy (n = 3615)

Insulin in monotherapy 1.17 (1.04–1.3)

• metformin plus sulfonylurea plus insulin 0.96 (0.77–1.19)

• metformin plus insulin 0.96 (0.79–1.15)

Separate analysis of patients using insulin, compared with
patients receiving sulfonylureas plus insulin:

• metformin monotherapy 0.89 (0.78–1.02)
• sulfonylurea plus metformin 0.9 (0.83–0.93)

Sulfonylurea plus insulin (n = 635)

Long-term all-cause mortality

Insulin 1.14 (1.06–1.20)

Metformin plus insulin (n = 468)
844 days

Sulfonylurea plus insulin 0.97 (0.86–1.08)

Metformin plus insulin 0.96 (0.82–1.13)

Metformin plus sulfonylurea 0.89 (0.82–0.96)

Metformin monotherapy 0.85 (0.75–0.98)

Combination therapy 0.86 (0.77–0.96);

Metformin monotherapy 0.83 (0.70–0.99)

Combination therapy 0.86 (0.75–0.98);

Metformin monotherapy 0.79 (0.65–0.98)

Combination therapy 0.93 (0.83–1.05)

Metformin monotherapy 0.87 (0.73–1.05)

Combination therapy 0.92 (0.80–1.06)

Metformin monotherapy 0.84 (0.67–1.04)

Combination therapy 0.61 (0.52–0.72)

Metformin monotherapy 0.70 (0.54–0.91)

Combination therapy 0.54 (0.42–0.70);

Metformin monotherapy 0.66 (0.44–0.97)

Results adjusted HRs (95% CI) or percentage

Metformin plus sulfonylurea (n = 1549)

Long-term composite outcome
(all-cause hospitalization or all-cause
mortality)

1-year composite outcome (all-cause
hospitalization or all-cause mortality)

Long-term all-cause hospitalization

1-year all-cause hospitalization

Long-term all-cause mortality

1-year all-cause mortality

End points

Metformin plus sulfonylurea plus insulin 0.94 (0.77–1.15)

2.5 years

Median
follow-up

Metformin monotherapy (n = 688)

sulfonylurea and metformin (n = 852)
vs.
Sulfonylurea monotherapy (n = 773)

Combination therapy:

Metformin monotherapy (n = 208)

Comparison groups

Table 1. Metformin in patients with type 2 diabetes mellitus and heart failure (HF): a review of research studies
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2 years

2 years

Metformin in therapy (n = 1561)
vs.
no metformin in therapy (n = 4624)

Metformin in therapy (n = 99)
vs.
no metformin in therapy (n = 302)

1633 case subjects
(patients newly diagnosed
with diabetes and heart
failure who had died;
1633 1:1-matched control
subjects (patients newly
diagnosed with diabetes
and heart failure who had
not died)

6185 ambulatory patients
with HF and diabetes;
2874 propensity score-matched patients

401 patients with diabetes
and advanced, systolic HF

MacDonald et al.
[14]

Aguilar et al. [15]

Shah et al. [16]

Combination oral therapy without insulin
(n = 470)
vs.
no antidiabetic drug therapy (n = 1306)

Combination therapy with insulin (n = 122)

0.79 (0.36–1.71)

2-year all-cause mortality

0.8 (0.42–1.53)

0.63 (0.21–1.89)

1-year all-cause mortality

2-year all-cause mortality/urgent
heart transplant

0.93 (0.74–1.18)

2-year HF hospitalization

0.85 (0.38–1.92)

0.94 (0.83–1.07)

2-year all-cause hospitalization

1-year all-cause mortality/urgent
heart transplant

0.76 (0.63–0.92)

2-year all-cause mortality

Combination oral therapy without insulin 0.74 (0.56–0.99)

Combination therapy with insulin 0.72 (0.44–1.17)

Insulin monotherapy 1.24 (0.85–1.80)

Thiazolidinedione monotherapy 1.08 (0.23–5.07)

Insulin monotherapy (n = 230)

Long-term all-cause mortality

Metformin monotherapy 0.65 (0.48–0.87)
Sulfonylurea monotherapy 0.84 (0.67–1.06)

Combination therapy: thiazolidinediones and metformin 0.85
(0.71–1.01)

Thiazolidinediones in therapy 1.06 (1.00–1.09)

Metformin in therapy 0.92 (0.92–0.99)

Combination therapy: thiazolidinediones and metformin 0.82
(0.69–0.96)

thiazolidinediones in therapy 1.04 (0.99–1.10)

Metformin in therapy 0.94 (0.89–1.01)

Combination therapy: thiazolidinediones and metformin 0.76
(0.58–0.99)

Thiazolidinediones in therapy 0.87 (0.80–0.94);

Metformin in therapy 0.86 (0.78–0.97)

Results adjusted HRs (95% CI) or percentage

Sulfonylurea monotherapy (n = 753)

2.8 years

1-year HF hospitalization

1-year all-cause hospitalization

1-year all-cause mortality

End points

Thiazolidinedione monotherapy (n = 9)

Metformin monotherapy (n = 376)

Combination therapy: thiazolidinediones
and metformin (n = 261)
vs.
no insulin sensitizer in therapy (n = 12069)
1 year

Masoudi et al.
[13]

Thiazolidinedione in therapy (n = 2226)

Metformin in therapy (n = 1861)

16,417 patients with
diabetes discharged
after hospitalization with
the principal discharge
diagnosis of heart failure.

Median
follow-up

Population

Clinical trial

Comparison groups

Table 1. Metformin in patients with type 2 diabetes mellitus and heart failure (HF): a review of research studies
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Metformin in patients with type 2 diabetes
mellitus and heart failure:
a review of guidelines

Fácila et al. [18]

EF — ejection fraction; HR — hazard ratio; CI — confidence interval

Metformin in therapy (n = 560)
vs.
no metformin in therapy (n = 276)
835 patients with
diabetes discharged with
a principal diagnosis of
decompensated heart
failure

Wróbel et al. [17]

In the position statement from the Heart Failure Association (HFA) of the European Society of Cardiology
(ESC) on type 2 diabetes mellitus and heart failure,
metformin was presented as an antidiabetic drug that
might be safe in heart failure and could be recommended as a first-line therapy for patients with T2DM
and HF, who have preserved or moderately reduced
renal function. However, the document emphasizes
the lack of randomized controlled trials of metformin
use in patients with T2DM and HF [19].
According to the 2019 ESC Guidelines on diabetes,
pre-diabetes, and cardiovascular diseases developed
in collaboration with the EASD, metformin is safe at
all stages of HF, reducing the risk of death and HF
hospitalization in comparison to insulin and sulfonylureas. In the previous guidelines (2013) metformin
was considered as a first-line therapy in patients with
T2DM, independently of the patient’s cardiovascular
profile [20]. However, there have been changes in the
recommendations due to the recent publication of
several CVOTs that indicate CV benefit from the use
of glucagon-like peptide-1 (GLP-1) receptor agonists
and SGLT2 inhibitors in patients with T2DM and CVD
or those at very high/high CV risk. As a consequence,
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0.68 (0.53–0.87)
Long-term all-cause mortality

heart transplant) compared with patients without metformin in their therapy. In multivariate analysis there
was no significant difference in survival between the
analysed groups [16].
In the analysis from the PL-ASC registry (Polish Registry of Acute Coronary Syndromes), diabetic patients
after acute coronary syndrome treated with percutaneous coronary intervention with no history of prior CVD
were assessed. Patients treated with metformin were
compared with patients not treated with metformin,
before admission to a hospital. LVEF at discharge from
the hospital was evaluated. The number of patients with
LVEF below 40% was significantly lower in patients on
metformin therapy in comparison to patients receiving
antidiabetic drugs other than metformin (12% vs. 17%,
p < 0.001) [17].
The impact of metformin use on patients with T2DM
discharged from a hospital with a major diagnosis
of acute HF was assessed in 835 participants. During a mean follow-up period of 2.4 years, long-term
all-cause mortality was significantly lower in patients
treated with metformin in comparison to patients
without metformin in their therapy. In the multivariate
analysis, metformin use was also significantly associated
with lower all-cause mortality rates [18].

2.4 years

12% of patients on metformin therapy vs. 17% of patients
without metformin in therapy
EF at discharge < 40%
Metformin in therapy (n = 1199)
vs.
no metformin in therapy (n = 1199)
2398 diabetic patients
with acute coronary
syndrome with no history
of cardiovascular disease
prior to the reported
episode, treated with
percutaneous coronary
intervention

8 years

Results adjusted HRs (95% CI) or percentage
End points
Median
follow-up
Comparison groups
Population
Clinical trial

Table 1. Metformin in patients with type 2 diabetes mellitus and heart failure (HF): a review of research studies
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the current guidelines suggests that the choice of antidiabetic drug in patients with T2DM should depend
on the presence of CVD and CV risk. Thus, patients
with T2DM and prevalent CVD or with very high/high
CV risk should receive drugs with proven CV benefit,
GLP-1 receptor agonists, or SGLT2 inhibitors, as a first
choice in drug-naïve patients or as a second drug if the
patient is already on metformin. On the other hand, in
patients with T2DM without CVD or at moderate CV
risk, metformin should be recommended as first-line
therapy, especially in overweight individuals. In regard
to the selection of glucose-lowering agents in patients
with T2DM and HF or at high risk for HF, metformin
and SGLT2 inhibitors are the first-line therapy. SGLT2
inhibitors are recommended for the treatment of patients with T2DM and HF (class I of recommendation)
because they seem to reduce HF-related endpoints,
while metformin should be considered in these patients
(class IIa of recommendation), which is based on observational studies and everyday clinical practice [21].
New evidence from CVOTs has also implied an important change in the 2018 Consensus Report by the
American Diabetes Association (ADA) and the EASD
on the Management of Hyperglycaemia in Type 2
Diabetes. Since SGLT2 inhibitors have been proven
to reduce hospitalization for HF in patients with atherosclerotic cardiovascular disease in comparison to
placebo, and they are recommended in patients with
T2DM and coexisting HF or at risk for HF, as a part of
glucose-lowering treatment. Nevertheless, metformin
remains the preferred initial medication for the management of T2DM unless it is contraindicated or not
tolerated. Subsequently, if HbA1c is above the target
and HF predominates, a SGLT2 inhibitor with evidence
of reducing HF progression should be added to the
therapy [22].
Furthermore, in 2019 the Consensus Report on the
Management of Hyperglycaemia in Type 2 Diabetes was
updated by the ADA and the EASD, as a consequence
of new research findings. The updated report suggests
considering an initial combination therapy, composed
of metformin and SGLT2 inhibitor, in new-onset diabetes mellitus if HF coexists, independently of baseline
HbA1c or individualized HbA1c target, due to reduced
hospitalization for HF, major adverse cardiovascular
events, and cardiovascular death, especially in patients with reduced left ventricular ejection fraction
(LVEF < 45%) [23].

Discussion
The impact of metformin therapy on clinical outcomes
in patients with T2DM and coexisting HF has been assessed in large observational studies. In this review, 8
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observational studies were included (Table 1). Despite
an extensive literature search, no randomized controlled trials evaluating the effects of metformin therapy
in patients with T2DM and HF were identified. Indeed,
the execution of a randomized controlled trial could be
difficult because of the common use of metformin in
patients with HF [24, 25]. For many years metformin
was contraindicated in patients with HF due to the
risk of metformin-associated lactic acidosis. However,
the incidence of lactic acidosis in clinical practice has
proved to be very low and the United States Food
and Drug Administration has removed congestive HF
from the boxed warning section of metformin [26].
Nevertheless, hypoxic states such as the setting of acute
congestive HF remain contraindications for metformin
use, especially when hypoperfusion and hypoxaemia
coexist [27]. At the same time, in the Polish Summary
of Product Characteristics, HF is consistently one of
the main contraindications of metformin, although it
should be assumed that this refers to acute states [28].
Data from available studies have shown that metformin use, assessed in monotherapy or in combination
with other oral antidiabetic drugs and/or insulin, in
patients with T2DM and HF, was associated with improved clinical outcomes when compared with other
oral antidiabetic agents, insulin, or lifestyle management. Based on this result, metformin is considered to
be a safe drug in heart failure and remains the first-line
treatment in patients with heart failure and diabetes,
which is supported by clinical experience [22]. However,
the safety of metformin in the results of observational
studies might be a consequence of its cautious use in
patients with HF due to its contraindications. Additionally, when metformin is compared to other antidiabetic
agents, there is a probability that the outcomes are the
consequence of a harm effect of the comparator agent.
This is the reason why there is a need for randomized
controlled trials to show not only the safety of metformin but also its beneficial effect on the onset and the
course of heart failure.
SGLT2 inhibitors have emerged as antidiabetic
drugs that significantly reduce HF hospitalization and
CV death in patients with T2DM and high CV risk,
when compared with placebo in large CVOTs [29, 30].
Moreover, trials on dapagliflozin and empagliflozin
showed that SGLT2 inhibitors reduce HF hospitalization and CV death in patients with HF, not only when
diabetes coexists but also in patients without diabetes
[31]. Therefore, the position of metformin in the treatment of patients with T2DM and HF has changed. Currently, ESC Guidelines recommend SGLT2 inhibitors in
patients with T2DM and HF or at high risk for HF, as
a first choice in drug-naïve patients or as a second drug
if the patient is already on metformin [21]. However,

this statement is not confirmed by any randomized
controlled clinical trial, and it has not been proven
that starting glucose-lowering treatment with SGLT2
inhibitors, instead of metformin, is beneficial. In CVOTs,
SGLT2 inhibitors were added to the standard therapy in
which more than 70% of patients had already received
metformin at baseline. Additionally, hospitalization due
to HF was a secondary endpoint in each trial; thus,
groups of patients with HF were not thoroughly characterized at baseline and were relatively small. Finally,
there are no clinical trials on SGLT2 inhibitors that show
a reduction of CV risk in patients with HbA1c < 7%, because all of the participants of CVOTs had HbA1c > 7%
at baseline [22].

Conclusions
According to the Summary of Product Characteristics,
metformin is contraindicated in patients with HF.
However, metformin is the most frequently used oral
antidiabetic drug in T2DM; thus, a great number of
patients with HF receive metformin despite the contraindications. The analysis of data from observational
studies and meta-analyses shows that metformin has
a favourable effect in patients with T2DM and HF.
Modification of the Summary of Product Characteristics
should be considered after performing randomized
controlled trials on metformin treatment in patients
with T2DM and HF.
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