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Abstract
Background—Although 25% to 44% of patients with heart failure (HF) have diabetes mellitus
(DM), the optimal treatment regimen for HF patients with DM is uncertain. We investigated the
association between metformin therapy and outcomes in a cohort of advanced, systolic HF patients
with DM.

Methods and Results—Patients with DM and advanced, systolic HF (n = 401) were followed
at a single university HF center between 1994 and 2008. The cohort was divided into 2 groups
based on the presence or absence of metformin therapy. The cohort had a mean age of 56 ± 11
years, left ventricular ejection fraction (LVEF) of 24 ± 7%, with 42% being New York Heart
Association (NYHA) III and 45% NYHA IV. Twenty-five percent (n = 99) were treated with
metformin therapy. The groups treated and not treated with metformin were similar in terms of
age, sex, baseline LVEF, medical history, and baseline glycosylated hemoglobin. Metformin-
treated patients had a higher body mass index, lower creatinine, and were less often on insulin.
One-year survival in metformin-treated and non-metformin-treated patients was 91% and 76%,
respectively (RR = 0.37, CI 0.18–0.76, P = .007). After multivariate adjustment for demographics,
cardiac function, renal function, and HF medications, metformin therapy was associated with a
non-significant trend for improved survival.

Conclusion—In patients with DM and advanced, systolic HF who are closely monitored,
metformin therapy appears to be safe. Prospective studies are needed to determine whether
metformin can improve HF outcome.
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Diabetes (DM) is prevalent in patients with heart failure (HF), with approximately 25% of
chronic HF patients overall,1 and 44% of patients hospitalized having DM.2 Furthermore,
several studies have shown that DM and hyperglycemia are associated with new-onset HF,
3–5 with a 10% to 15% increased risk of developing HF per every unit increase in
glycosylated hemoglobin (HgbA1c, %).5–7 In fact, DM and hyperglycemia are strongly
implicated as a cause for progression from asymptomatic left ventricular dysfunction to
symptomatic HF, increased hospitalizations for HF, and an overall increased mortality risk
in patients with chronic HF.1
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Although it is well described that DM is a strong risk factor for increased morbidity and
mortality in patients with HF, the optimal medical regimen for glucose control in diabetics
with HF is uncertain.8 Many of the medications commonly used to lower serum glucose
have theoretic or described adverse effects in HF. For example, insulin and sulfonylureas
may cause increased sympathetic nervous system activity and endothelial dysfunction, and
thus the potential for an increased mortality risk in patients with HF.8,9 Thiazolidinediones
may worsen HF symptoms, especially edema.9,10 Metformin historically had a “black box”
warning against use in patients with DM and HF because of the theoretic risk of lactic
acidosis. Although this warning on metformin has been recently lifted by the Food and Drug
Administration, many physicians are unaware of this change in labeling.11

Recent observational studies of broad-based HF cohorts suggest that metformin has been
used in diabetics with HF and may be associated with improved outcomes in these patients.
12,13 However, these findings may not apply to patients with more advanced HF and thus the
safety and outcomes of metformin use in diabetics with advanced, systolic HF is still largely
unknown. Our study aimed to investigate the association between metformin treatment and
outcomes in patients with both DM and advanced, systolic HF, focusing on cardiac function,
heart transplant, and mortality.

Methods
Patient Population

The study population initially consisted of 770 patients with a prior diagnosis of type II DM
and advanced, systolic HF, referred to the Ahmanson-UCLA Cardiomyopathy center for HF
management or transplant evaluation between 1994 and 2008. The start date of 1994 was
chosen because this is when metformin use was approved by the Food and Drug
Administration in the United States.14 Patients with a left ventricular ejection fraction
(LVEF) >40% (n = 43), patients with DM treated by diet alone (n = 95), and those patients
without detailed information on DM medications or follow-up (n = 231) were excluded from
the analysis. The final cohort consisted of 401 patients with type II DM and advanced,
systolic HF. In comparison to the 401 patients included in the study, the 369 patients
excluded from the study were similar in terms of New York Heart Association (NYHA)
class and etiologies of HF and had a slightly higher baseline LVEF (26 ± 12% vs. 24 ± 7%).
All patients were followed in a comprehensive HF management program, as previously
described.15 The study was approved by the UCLA Medical Institutional Review Board.

Data Collection
Detailed information on patients’ baseline characteristics, including presence and duration of
DM, were collected on initial assessment. DM was defined by patient self-report and
medical record documentation of DM. All medications and doses were carefully recorded at
initial visit, including detailed documentation of DM medications and doses.
Echocardiography, right heart catheterization, and laboratory testing, including HgbA1c
levels, occurred within 6 weeks of initial referral date. Echocardiography was also
performed at approximately 6 months after initial referral date. Body mass index was
calculated (in kg/m2) using the patients’ “dry” weight after empirical or pulmonary artery
catheter-guided HF therapy. Prior left heart catheterization reports and angiographic films
were reviewed, or if not done previously, left heart catheterization was performed.
Significant coronary artery disease was defined as a single stenosis > 70% of the cross-
section luminal diameter of the involved artery on angiography.
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End Points
There were 2 primary end points considered in this study: all-cause mortality (with all
transplants coded as nonfatal events) and all-cause mortality or need for urgent heart
transplant (Status IA). For the all-cause mortality endpoint, heart transplantation (Status IA,
IB, and II) was coded as a nonfatal end of follow-up at time of transplant, as previously
described.16 The composite end point of all-cause mortality/urgent heart transplant (Status
IA) included urgent transplant as a fatal event. Change in cardiac function was considered as
a secondary end point. Change in cardiac function was defined by the difference in the
LVEF at 6-month follow-up as compared with the LVEF on initial visit.

Statistical Analysis
This was an observational, nonrandomized study design in which the total cohort of patients
(n = 401) was divided into 2 groups based on metformin use: patients who were taking
metformin (n = 99) either as monotherapy (n = 8) or in combination with other DM
medications (n = 91), and patients who were not on metformin and using alternative oral
hypoglycemic medications and/or insulin (n = 302). Results are presented as mean ± SD for
normally distributed continuous variables, median (interquartile range) for non-normally
distributed variables, and percentage of total for categorical variables. Independent sample t-
test, analysis of variance, and chi-square test were used for comparison of variables, as
appropriate. Survival curves were calculated by the Kaplan-Meier method, and differences
between the curves were evaluated with the log-rank statistic. Cox proportional hazards
modeling was performed to analyze the association between metformin use, in addition to a
variety of other prospectively recorded parameters, and survival or urgent transplant-free
survival. Variables included in multivariable analyses were age, sex, left ventricular ejection
fraction, renal function, and body mass index, hemoglobin, DM duration, angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker use and β-blocker use. Statistical
Package for Social Sciences for Windows, Version 17.0 (Chicago, IL) was used for all
analyses.

Results
Baseline Characteristics of the Cohort

The total cohort was 75% men, and ages ranged from 20 to 84 years (mean age 56 ± 11
years). NYHA III and IV HF comprised 42% and 45% of the population, respectively. Mean
LVEF was 24 ± 7%. Etiologies of HF were ischemic (60%), idiopathic (20%), and valvular
(3%); the remaining etiologies included alcohol-induced, myocarditis, and hypertrophic.
Mean duration of DM at the time of referral was 9.9 ± 9.0 years.

There were 99 patients (25%) treated with metformin therapy, and 302 patients (75%) who
were treated with alternative oral hypoglycemic agents or insulin that did not take
metformin. Differences in patient characteristics among those on or not on metformin
treatment were analyzed (Table 1). The 2 groups were similar with regard to age, sex,
baseline LVEF, medical history, and baseline HgbA1c. Patients treated with metformin
versus those not treated with metformin were more often NYHA III and had lower serum
creatinine levels (Table 1).

The frequency of cardiovascular and other DM medication use is listed in Table 2. In the
total cohort of patients with DM and HF, 43% were treated with insulin (with or without oral
hypoglycemic medications). Patients treated with metformin were more likely to be treated
with thiazolidinediones and β-blockers and less likely to be treated with insulin.
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Relationship Between Metformin Use and Change in Cardiac Function
Baseline LVEF in both the metformin and non-metformin groups was 24 ± 7%. At 6-month
follow-up, echocardiography was repeated on 173 patients in this study. The mean 6-month
follow-up LVEF of 30 ± 10 % in the metformin therapy group was significantly improved
compared with follow-up LVEF in the non-metformin group (27 ± 9%, P = .02 between
groups at follow-up). More patients in the metformin group (64%) had improvement in
LVEF compared with those not treated with metformin therapy (48%, P = .04). After
adjustment for angiotensin-converting enzyme inhibitor/angiotensin receptor blocker
therapy and β-blocker therapy, metformin use was associated with a nonsignificant trend
toward improvement in LVEF at ± months (relative risk 1.8, 95% confidence interval 0.9–
3.6, P = .08).

Relationship Between Metformin Use and Mortality
There were 71 deaths during the first year of follow-up and 106 total deaths by 2 years. Of
the 71 deaths by 1 year, progressive HF deaths accounted for 22 (31%), whereas 15 (21%)
deaths were sudden, 3 (4%) occurred secondary to myocardial infarction, and 31 (44%)
occurred from unknown or other causes. At 2 years, 82 subjects received heart transplants:
41 urgent and 41 elective status.

Patients treated with metformin were found to have a significantly longer survival compared
with patients not treated with metformin. Survival rates at 1- and 2-year follow-up for
patients treated with metformin versus those not treated with metformin were 91% and 76%
(P = .007) and 78% and 63% (P = .007), respectively (Fig. 1A). Patients not receiving
metformin treatment were also at significantly increased risk for the combined end point of
death or urgent transplantation. Survival free from death or urgent heart transplant was 84%
versus 67% at 1 year (P = .004) and 72% versus 54% at 2 years (P = .001) for patients
treated with metformin and for patients not treated with metformin, respectively (Fig. 1B).

We performed multivariate analyses to adjust for several potential confounders of the
relationship between metformin and outcomes in this cohort of diabetic HF patients. After
adjustment for age, sex, LVEF, renal function, body mass index, DM duration, hemoglobin,
use of angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers, and
use of β-blockers, metformin treatment was not significantly associated with improved
survival outcomes (Table 3). When the only medication entered into the multivariate
analysis was β-blocker use, the results were not significantly changed.

Discussion
This study suggests that metformin is a safe therapy for DM in patients with DM and
advanced, systolic HF, followed in a university HF disease management program. We
observed that presence of metformin therapy, as compared with absence of metformin
therapy, was associated with better survival in this patient population. However, this
association was no longer statistically significant after adjustment for multiple covariates.
Whether metformin therapy is protective in DM and systolic HF, or whether its use is
merely associated with better overall health status or better medical care will require further
study. Patients treated with metformin had significantly fewer comorbidities including less
renal dysfunction and less anemia, were more likely to be treated with β-blockers, and were
less likely to be treated with insulin and antiarrhythmics (Table 1, Table 2); thus, there are
many confounding factors, which may explain the relationship observed between metformin
therapy and beneficial outcomes.

DM is a well-recognized independent risk factor for the development of HF.3,4 Both HF and
DM are believed to share pathophysiologic processes such as neurohormonal activation,
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endothelial dysfunction, and oxidative stress.17,18 The reported prevalence of DM is 4% to
6% in the general population,19 approximately 25% in patients with chronic HF,1 and may
be close to 44% in hospitalized HF patients.2 With an overall HF prevalence of 5.7 million,
there are an estimated 1 to 2 million patients with both HF and DM in the United States.19

Metformin, DM, HF, and Mortality
DM has been associated with increased mortality in patients with established systolic HF.
Analyses from the Studies of Left Ventricular Dysfunction trial have demonstrated that DM
serves as an independent risk factor for progression from asymptomatic left ventricular
dysfunction to symptomatic HF as well as a risk factor for all-cause mortality in patients
with symptomatic HF (relative risk [RR] 1.4).20 In an analysis of the Danish Investigations
of Arrhythmias and Mortality on Dofetalide Study Group study, DM predicted mortality
independent of HF etiology (RR 1.5).21 Despite this well-described relationship between
mortality, DM, and HF, the optimal medical regimen for serum glucose control in diabetic
patients with HF remains uncertain.8

Metformin had previously been contraindicated for use in patients with DM and HF. This
contraindication was introduced to the label soon after the release of the drug in the United
States, when case reports surfaced of HF patients taking metformin who developed lactic
acidosis.22 It was never certain, however, whether the relationship between metformin use
and the development of lactic acidosis was causative. By the end of 2006, the Food and
Drug Administration eliminated the HF contraindication on product labeling for metformin,
11,22,23 although HF is still in the label’s “Warnings” section.22 Subsequent analyses
revealed a miniscule risk of lactic acidosis associated with metformin therapy, as compared
with that of an earlier biguanide, phenformin.22,24

Recent studies of metformin use in diabetic patients with HF have shown that metformin
may be beneficial to these patients. In a retrospective study of Medicare beneficiaries with
DM discharged after hospitalization with the principal diagnosis of HF, metformin treatment
was associated with a significantly lower risk of death after 1 year (HR 0.87, 95% CI 0.78–
0.97) and a lower risk of hospital readmission (HR 0.92, 95% CI 0.92–0.99).12 In another
retrospective study of new users of oral antidiabetic agents who also had HF, metformin
monotherapy was again associated with a significantly lower risk of death or hospitalization
as compared to sulfonylurea monotherapy (HR 0.83, 95% CI 0.70–0.99).13 It has also been
observed that metformin therapy in patients with DM without HF may in fact decrease
incidence of HF. In a recent study of 20,450 type II DM patients, metformin therapy was
associated with a reduced risk of HF (HR 0.76, 95% CI 0.64– 9.91) when compared with
sulfonylurea therapy.25 In a retrospective study from the Saskatchewan Heath databases of
adults without HF who were being newly treated with oral antidiabetic agents, the incidence
of HF was greater in patients using sulfonylurea monotherapy (4.4 cases per 100 patient
years) as compared with patients using metformin monotherapy (3.3 cases per 100 patient
years).26 In a separate retrospective study of subjects with DM and no prior history of HF
from the Kaiser Permanente Northwest DM registry, HF incidence rates were highest in
therapeutic managements that included insulin and lowest in regimens that included
metformin.27

In the current study, metformin in patients with DM and advanced, systolic HF was not
associated with worsened survival or survival free from death or urgent heart transplant
throughout the 2 years of follow-up. Thus the current study is consistent with previous
findings concerning metformin treatment in DM and HF in other patient populations. The
observation that metformin is not dangerous in HF is now extended to patients with
advanced, systolic HF.
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There are potential mechanisms by which metformin may improve cardiac function and
overall survival. There is increasing evidence that activity of adenosine monophosphate
(AMP)-activated protein kinase, an enzyme that plays a central role in energy homeostasis
in the heart and in many other tissues, is implicated in the pathophysiology of cardiovascular
and metabolic diseases. 28 Metformin is thought to have an important mechanistic role in
the activity of AMP-activated protein kinase. In a recent study of murine models of HF,
metformin significantly improved left ventricular function and survival via activation of
AMP-activated protein kinase and its downstream mediators.29 This evidence suggests that
metformin may be cardioprotective independent of antihyperglycemic effects,29 perhaps by
augmenting left ventricular myocardial efficiency at the molecular level. Metformin may
also reduce morbidity and mortality in HF via intensive serum glucose control. In the UK
Prospective Diabetes Study of overweight patients with type 2 DM, metformin-treated
patients had better blood glucose control as compared to non-emetformin-treated patients
(median HgbA1c 7.4% vs. 8.0%), and had a risk reduction of 32% (95% CI 13–47%, P = .
002) for any DM-related end point including cardiovascular mortality.30 Whether metformin
may improve cardiac function and overall survival because of mechanisms unrelated to
hyperglycemia or better glycemic control is unknown and needs to be further investigated.

It is important to note that precise goals for glycemic control in HF have not been
established. The conventional wisdom states that better control of DM (ie, lower serum
glucose and HgbA1c levels) should improve morbidity and mortality in patients with DM
and HF. However, in a recent study of patients with DM and advanced HF, an inverse
relationship between HgbA1c levels and mortality was observed, with higher HgbA1c levels
correlating with improved survival in this cohort of patients.31 Furthermore, in a large
cohort of patients hospitalized with HF, there was no significant association found between
admission glucose levels and mortality, suggesting that the relationship between
hyperglycemia and adverse outcomes cannot be automatically extended to patients
hospitalized with HF.32 Prospective studies of antidiabetic therapy and glucose control are
warranted; however, the heterogeneity of current diabetic care in HF may make this type of
trial difficult to complete.33

Study Limitations
We acknowledge several potential limitations of our study. The cohort is a select population
of patients with advanced systolic HF and DM, referred to a single university center.
Glycemic control outcomes and re-hospitalizations were not tracked. Most importantly, this
was an observational study and there were significant baseline differences between the 2
patient groups, most notably in creatinine and blood urea nitrogen levels, NYHA class, and
duration of DM. This introduces the potential for a number of residual measured and
unmeasured confounding factors to influence the analyses. It is possible that metformin was
previously prescribed to patients who were perceived as being less likely to experience an
adverse reaction or with greater HF clinical stability. In addition, the relationship between
metformin use and improved outcomes was no longer significant with the addition of HF
medication use to the multivariate analyses, also suggesting that metformin was prescribed
to patients whose HF was being better managed. It should also be noted that these patients
were closely monitored in a comprehensive HF management program and these findings
may not apply to patients who are followed in other settings. We do not have data on all
laboratory, echo, and medication data at time of follow-up. We also do not have information
on the time course of metformin therapy in all subjects. Nonetheless, this study has
identified a potential course of management of DM in patients with advanced HF.
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Conclusions
In this cohort of patients with advanced systolic HF and DM, metformin appears to be safe
and may be associated with favorable clinical outcomes. HF patients with DM treated with
metformin more often had an improvement in LVEF, and had better survival free from death
or urgent heart transplantation, as compared to patients not treated with metformin, although
the associations did not remain significant after multivariable adjustment. However, this
study is merely observational and thus cannot imply a causative relationship. The present
findings warrant future well-designed, randomized clinical trials to determine the safety and
efficacy of metformin, as well as other insulin sensitizing agents, in patients with DM and
advanced, systolic HF.
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Fig. 1.
Metformin and outcomes over 2-year follow-up. (A) 2-year survival, (B) 2-year survival
free from death or urgent heart transplant
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Table 1

Baseline Characteristics of the Total Cohort

Characteristic
Total Cohort

(n = 401)
Metformin Treatment

(n = 99)
No Metformin

Treatment (n = 302) P Value

Age, y 56 ± 11 56 ± 11 56 ± 11 .960

Male sex, % 75 79 73 .266

Left ventricular ejection fraction, % 24 ±7 24 ± 7 24 ± 7 .860

New York Heart Association III/IV, % 42/45 56/29 37/49 .016

Body mass index, kg/m2 28.1 ± 5.4 29.2 ± 6.1 27.7 ± 5.2 .027

Peak VO2, mL ·kg · min 12.3 ± 3.9 13.2 ± 3.5 11.9 ± 4.0 .030

Coronary artery disease, % 60 59 60 .813

Hypertension, % 60 59 60 .767

Smoking history, % 57 52 59 .192

Diabetes history, y (n = 223) 9.9 ± 9.0 6.1 ± 6.0 11.3 ± 9.5 .0001

Hemoglobin A1c, % 8.2 ± 2.0 8.2 ± 1.8 8.1 ± 2.1 .799

Total cholesterol, mg/dL 164 ± 61 169 ± 54 162 ± 63 .388

Creatinine, mg/dL 1.5 ± 1.0 1.2 ± 0.4 1.6 ± 1.1 .0001

Stage of chronic kidney disease*, %

    0–1 7.4 12.5 5.7 .0001

    2 35.4 59.4 27.3

    3 44.2 20.8 52.1

    4 11.1 7.3 12.4

    5 1.9 0 2.5

Blood urea nitrogen, mg/dL 34 ± 22 27 ± 19 36 ± 22 .0001

Hemoglobin, g/dL 12.9 ± 1.9 13.6 ± 1.7 12.6 ± 2.0 .0001

Hemoglobin <11 g/dL, % 17.2 5.8 20.9 .001

Albumin, g/dL 3.7 ± 0.6 3.9 ± 0.5 3.6 ± 0.6 .001

Sodium, mmol/L 136 ± 5 137 ± 4 136 ± 5 .029

B-type natriuretic peptide, pg/mL (n = 191) 534 (199–1200) 489 (115–925) 693 (257–1300) .037

QRS duration, ms 130 ± 39 123 ± 33 132 ± 40 .093

Implantable cardioverter-defibrillator placed, % 44 54 41 .017

Biventricular pacemaker placed, % 17 21 16 .141

*
Stage of chronic kidney disease is based on estimate of glomerular filtration rate (mL/min) from the Modification of Diet in Renal Disease

(MDRD) equation: Stage 0–1, >90 mL/min; Stage 2, 60–89 mL/min; Stage 3, 30–59 mL/min; Stage 4, 15–29 mL/min; Stage 5, <15 mL/min.
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Table 2

Medication Use in the Cohort

Total Cohort
(n = 401)

Metformin Treatment
(n = 99)

No Metformin
Treatment (n = 302) P Value

Angiotensin-converting enzyme inhibitor or
   angiotensin receptor blocker, %

87 93 85 .052

β-blocker, % 66 86 59 .0001

Aldosterone antagonist, % 44 49 42 .245

Statin, % 65 74 62 .036

Antiarrhythmic, % 30 20 34 .007

Insulin, % 43 11 53 .0001

Sulfonylurea, % 49 56 47 .151

Thiazolidinedione, % 14 24 11 .002
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Table 3

Outcomes in Metformin-treated vs. Non-metformin-treated HF patients with DM

Metformin
Treatment (n = 99)

No Metformin
Treatment (n = 302) P Value

All-cause mortality

1 y

    Mortality (%) 9 24 .007

    Unadjusted HR (95% CI) 0.37 (0.18–0.76)   1.00 .007

    Multivariate HR (95% CI) 0.63 (0.21–1.89)   1.0 .40

2 y

    Mortality (%) 22 37 .007

    Unadjusted HR (95% CI) 0.51 (0.30–0.87)   1.00 .01

    Multivariate HR (95% CI) 0.79 (0.36–1.71)   1.00 .54

    All-cause mortality/urgent heart transplant

1 y

    Mortality/urgent heart transplant (%) 16 33 .004

    Unadjusted HR (95% CI) 0.43 (0.25–0.76)   1.00 .004

    Multivariate HR (95% CI) 0.85 (0.38–1.92)   1.00 .70

2 y

    Mortality/urgent heart transplant (%) 28 46 .002

    Unadjusted HR (95% CI) 0.51 (0.32–0.79)   1.00 .001

    Multivariate HR (95% CI) 0.80 (0.42–1.53)   1.00 .82

HF, heart failure; HR, hazard ratio; CI, confidence interval.
Multivariate model adjusted for age, sex, left ventricular ejection fraction, renal function, body mass index, diabetes duration, hemoglobin, use of
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and use of β-blockers.
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