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IMPORTANCE Metformin treatment is associated with improved outcome after myocardial jama.com
infarction in patients with diabetes. In animal experimental studies metformin preserves left
ventricular function.

OBJECTIVE To evaluate the effect of metformin treatment on preservation of left ventricular
function in patients without diabetes presenting with ST-segment elevation myocardial
infarction (STEMI).

DESIGN, SETTING, AND PARTICIPANTS Double-blind, placebo-controlled study conducted
among 380 patients who underwent primary percutaneous coronary intervention (PCl) for
STEMI at the University Medical Center Groningen, the Netherlands, between January 1, 2011,
and May 26, 2013.

INTERVENTIONS Metformin hydrochloride (500 mg) (n = 191) or placebo (n = 189) twice daily
for 4 months.

MAIN OUTCOMES AND MEASURES The primary efficacy measure was left ventricular ejection
fraction (LVEF) after 4 months, assessed by magnetic resonance imaging. A secondary
efficacy measure was the N-terminal pro-brain natriuretic peptide (NT-proBNP)
concentration after 4 months. The incidence of major adverse cardiac events (MACE; the
combined end point of death, reinfarction, or target-lesion revascularization) was recorded
until 4 months as a secondary efficacy measure.

RESULTS At 4 months, all patients were alive and none were lost to follow-up. LVEF was
53.1% (95% Cl, 51.6%-54.6%) in the metformin group (n = 135), compared with 54.8% (95%
Cl, 53.5%-56.1%) (P = .10) in the placebo group (n = 136). NT-proBNP concentration was 167
ng/L in the metformin group (interquartile range [IQR], 65-393 ng/L) and 167 ng/L in the
placebo group (IQR, 74-383 ng/L) (P = .66). MACE were observed in 6 patients (3.1%) in the

metformin group and in 2 patients (1.1%) in the placebo group (P = .16). Creatinine Author Affiliations: Author
concentration (79 pmol/L [IQR, 70-87 pmol/L] vs 79 pmol/L [IQR, 72-89 umol/L], P = .61) and afi'_"ft'ons are listed at the end of this
article.

glycated hemoglobin (5.9% [IQR, 5.6%-6.1%] vs 5.9% [IQR, 5.7%-6.1%], P = .15) were not

. . . . . Inf tion: Th
significantly different between both groups. No cases of lactic acidosis were observed. Group Information: The
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n the Western world, approximately 1 of every 7 people with

acute myocardial infarction will die of its consequences."?

Patients presenting with ST-segment elevation myocar-
dial infarction (STEMI) require immediate treatment with an-
tithrombotic agents and primary percutaneous intervention
(PCI) to restore coronary blood flow.' Timely reperfusion re-
duces myocardial damage and the risk of developing left ven-
tricular dysfunction.#-* Still, STEMI results in left ventricular
dysfunction in up to 50% of patients, and approximately 20%
to 40% of patients develop heart failure sometime after
STEMLI.®” Heart failure after STEMI is associated with a 3to 4
times higher mortality risk.”'° Left ventricular dysfunction is
regarded as the strongest predictor for adverse outcome after
STEMI.!

Metformin, a biguanide often used in the treatment of dia-
betes, has been reported to have favorable effects on ventricu-
lar function." Basic studies showed that metformin treat-
ment is associated with an enhanced phosphorylation of
AMP-activated protein kinase, inducing changes in intracel-
lular pathways and altering mitochondrial function.' Inter-
ference with these pathways may ultimately result in im-
proved systolic and diastolic function. Data from experimental
studies have suggested that administration of metformin be-
fore and during ischemia-reperfusion might affect these pro-
tective pathways and preserve left ventricular function, inde-
pendent of glycometabolic state.'>"> Moreover, in observational
studies of patients with acute myocardial infarction, concur-
rent treatment with metformin was associated with lower peak
values of creatine kinase (CK), myocardial band of CK, and
troponins and with improved survival after STEMI in pa-
tients with type 2 diabetes, compared with other antihyper-
glycemic strategies.'®'8

The Glycometabolic Intervention as Adjunct to Primary
Percutaneous Coronary Intervention in ST-Segment Eleva-
tion Myocardial Infarction (GIPS) III trial was designed to de-
termine whether metformin preserves left ventricular func-
tion after STEMI in patients without diabetes.*

Methods

Study Population

All patients admitted to the University Medical Center
Groningen between January 1, 2011, and May 26, 2013, via the
STEMI protocol were considered eligible for this trial. The de-
sign of the study has been described in detail previously.*
Briefly, inclusion criteria were age older than 18 years, the pres-
ence of STEMI, and primary PCI with implantation of at least
1 stent with a diameter of at least 3 mm resulting in Throm-
bolysis in Myocardial Infarction (TIMI) flow grade 2 or 3 post
PCI. Major exclusion criteria were previous myocardial infarc-
tion, known diabetes, the need for coronary artery bypass graft
surgery, severe renal dysfunction, and standard contraindi-
cations for magnetic resonance imaging (MRI).

Study Procedures
On admission, standard laboratory assessment including se-
rum concentrations of CK, myocardial band of CK, creati-
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nine, N-terminal pro brain natriuretic peptide (NT-proBNP),
blood glucose, and glycated hemoglobin (HbA,.) was per-
formed. Standard physical examination parameters includ-
ingblood pressure, heart rate, and body mass index were mea-
sured. Coronary angiography was performed using standard
techniques. The choice and order of coronary intervention (ie,
thrombus aspiration, balloon angioplasty, or stenting) was left
to the discretion of the operator. During the PCI procedure, all
patients provided verbal informed consent in the presence of
an independent witness.

After arrival in the coronary care unit, patients were
randomly assigned in a 1:1 ratio, using block randomization
of 6 patients, to a 4-month treatment with either metformin
hydrochloride (500 mg) or a visually matching placebo, both
administered twice daily, blinded to patients and investiga-
tors. The study medication was started as soon as possible
after PCI, with the aim of administering the first dose within
3 hours after PCI. The dose of metformin was chosen arbi-
trarily, based on our experience in the treatment of patients
with type 2 diabetes, for whom this would be a typical start-
ing dose.

Manufacturing and packaging including blinding was
performed by Stichting Apotheek Haagse Ziekenhuizen, Den
Haag, the Netherlands, according to the Good Manufactur-
ing Practice standards of the European Union. Study drug
adherence was assessed by tablet counts at the visits to the
outpatient clinic. The duration of the treatment, 4 months,
was based on the presumption that the majority of myocar-
dial remodeling occurs over the course of this critical
period.*®

Following admission to the coronary care unit, patients
provided written informed consent. All patients received stan-
dard medication according to current guidelines, were of-
fered rehabilitation programs for myocardial infarction, and
were given general advice on diet, smoking, and lifestyle
changes according to a standardized protocol." Patients were
seen in the outpatient clinic 2 weeks, 7 weeks, and 4 months
after discharge. Standard laboratory assessment was re-
peated at 4 months.

Study monitoring, data management, and validation
were independently performed at the Trial Coordination
Center (University Medical Center Groningen, the Nether-
lands). Detailed information is available in eMethods 1 in
Supplement. The members of the steering committee were
responsible for the design and conduct of the trial and the
collection of the data. An end point adjudication committee
blinded to allocation assessed all end points, and a data and
safety monitoring board advised on whether the trial should
be stopped because of clear evidence of harm. Members of
the publication committee wrote all drafts of the manu-
script and vouch for the accuracy and completeness of the
reported data.

The contents of this article are consistent with the re-
search protocol, and the data analysis was performed accord-
ing to a prespecified analysis plan. The study protocol was in
accordance with the Declaration of Helsinki and was ap-
proved by the local ethics committee (Groningen, the Neth-
erlands) and national regulatory authorities.
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Study Outcomes

The primary efficacy measure was left ventricular ejection frac-
tion (LVEF), measured by MRI 4 months after infarction.
Imaging was performed on a 3.0 Tesla whole-body MRI scan-
ner (Achieva; Philips) using a phased array cardiac receiver coil.
Electrocardiogram-gated cine steady state, free precession
magnetic resonance images were acquired during repeated
breath holds in contiguous short-axis slices of 1 cm covering
the entire left ventricle. The endocardial borders were out-
lined in end-systolic and end-diastolic images. Left ventricu-
lar end-systolic volumes and left ventricular end-diastolic vol-
umes were calculated using the summation of slice method
multiplied by slice thickness. An independent core labora-
tory (Image Analysis Center, VU University Medical Center, Am-
sterdam, the Netherlands) evaluated the MRI scans and as-
sessed the primary efficacy measure, blinded for treatment
allocation and clinical patient data.

One of the principal secondary efficacy measures was the
NT-proBNP concentration at 4 months. Before unblinding the
study we prioritized the NT-proBNP levels at 4 months as the
principal secondary efficacy measure, above other collected
outcome measures, based on the strong evidence for
NT-proBNP level as an independent predictor of clinical
outcome.?° Other secondary efficacy measures were the inci-
dence, within 4 months after infarction, of the combined end
point major adverse cardiac events (MACE [cardiovascular
death, recurrent myocardial infarction, target-lesion revascu-
larization]), and single efficacy and safety measures consist-
ing of death, recurrent STEMI and non-ST-segment elevation
myocardial infarction, recurrent coronary intervention (ex-
cluding interventions solely based on baseline, pretreatment
angiography and clinical information), target-lesion revascu-
larization, target-vessel revascularization, non-target-vessel
revascularization, coronary artery bypass graft surgery, hos-
pitalization for heart failure, hospitalization for chest pain, im-
plantation of an implantable cardioverter-defibrillator, stroke,
and lactic acidosis. The definitions used are available in
eMethods 2 in Supplement.

Concentrations of glucose and HbA,. were recorded at 4
months as additional efficacy measures, whereas creatinine
concentration was recorded as an additional safety param-
eter.

Statistical Analysis

The study was designed with 80% power to detect a signifi-
cant difference in LVEF between the 2 groups 4 months after
STEMI, at a 2-sided significance level of 5%. Previous random-
ized trials in patients with acute myocardial infarction that
showed reduced mortality and morbidity demonstrated con-
current absolute differences in LVEF of 3 percentage points or
more.?"?? Therefore, we considered this to be a feasible and
clinically important difference. The SD of the effect measure
was estimated to be 9%.?* We calculated that 141 patients would
need to be enrolled in each group. To allow an estimated 12%
of patients to not undergo the primary end point measure-
ment, we increased the initial total sample size to 320 pa-
tients. Actual dropout rates were close to 25%, resulting in the
recommendation by the data and safety monitoring board to
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increase the total sample twice, first to 350 patients and then
to 380 patients. To maintain statistical power to detect a clini-
cally significant difference, these recommendations were ac-
knowledged by the steering committee.

All analyses were performed according to a prespecified
statistical analysis plan, which was finalized prior to unblind-
ing of the randomization code (available from authors). Val-
ues for continuous variables that approximate a normal dis-
tribution are presented as mean (SD), and differences between
groups were assessed by 2-tailed t test. Continuous variables
not normally distributed are presented as medians with their
interquartile ranges (IQRs). If normality could not be as-
sumed, data underwent log transformation to convert it to a
normal distribution. If indicated, differences in effect mea-
surements and their 95% confidence intervals are presented
between the control group and the metformin group. A sen-
sitivity analysis using standard linear regression analysis was
performed adjusted for age, sex, baseline NT-proBNP concen-
tration, and myocardial blush grade to evaluate the robust-
ness of the effect of treatment on the outcome parameters.

Post hoc, we explored multiple-imputation analysis
(M = 100) asimplemented in Stata under the mi command. We
used ordered logistic (olog) regression to impute the 3 miss-
ing myocardial blush grade values. We used multivariate nor-
mal regression (mvn) for missing continuous variables (108
missing LVEF and 5 missing HbA, . values), which uses a Bayes-
ian iterative Markov Chain Monte Carlo method to impute miss-
ing values. We explored 2 strategies of imputing missing val-
ues: strategy A, based on age, sex, myocardial blush grade, and
baseline NT-proBNP values (the variables used for the multi-
variate sensitivity analysis) and strategy B, based on all avail-
able Table 1baseline variables (glucose and claudication were
omitted because of colinearity). x> Analysis or Fisher exact test
was used to test differences between proportions of presence
of a clinical secondary efficacy measure as adjudicated by the
end point adjudication committee.

All reported P values are 2-sided, and P < .05 was consid-
ered toindicate a significant difference between groups. Analy-
ses were performed with Stata version 12.0 (StataCorp).

. |
Results

Study Population
During the enrollment period, between January 1, 2011, and
May 26, 2013, 1473 patients were admitted to our hospital via
the STEMI protocol (Figure 1). After inclusion and exclusion
criteria were considered and verbal informed consent ob-
tained, a total of 380 patients were enrolled in the study. Of
the total sample, 191 patients were randomly allocated to the
metformin treatment and 189 patients to placebo. Following
admission to the coronary care unit, all patients provided writ-
ten informed consent, except for 1 (randomized to placebo).
This patient withdrew verbal consent and was excluded from
analysis, leaving 379 patients in the final study.

Baseline characteristics at randomization were well bal-
anced in the 2 treatment groups (Table 1). The median time
from the onset of symptoms to first coronary intervention was
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Figure 1. Flow of Patients Through the Glycometabolic Intervention as Adjunct to Primary Coronary
Intervention in the ST-Segment Elevation Myocardial Infarction (GIPS-III) Trial

1473 Patients presented via STEMI protocol

1093 Excluded
1043 Not eligible
149 Prior MI

50 Eligible

131 Contraindication to MRI
130 Final diagnosis other than STEMI
128 Known diabetes mellitus
113 Considered for CABG surgery
110 Receiving mechanical ventilation
88 Received a stent with diameter <3.0 mm
48 Duration of symptoms >12 h
37 Residency outside referral area
36 Medical condition precluding participation
31 Did not receive a stent
18 Too unwell for consent
12 Language barrier
11 Severe renal function impairment
1 TIMI flow <2 after PCI

37 Declined to participate
13 Enrolled in a different trial

380 Randomized after successful
infarct-artery PCI

191 Randomized to receive metformin
191 Received metformin as randomized

189 Randomized to receive placebo
189 Received placebo as randomized

| |

136 Underwent cardiac MRI at 4 mo
55 Did not undergo cardiac MRI

21 Refused

17 Experienced claustrophobia
7 Had contraindication for MRI
5 Underwent CABG surgery
2 Received ICD or pacemaker
2 Too large for scanner
1 Could not tolerate scanner sound

14 Refused

139 Underwent cardiac MRI at 4 mo
50 Did not undergo cardiac MRI
19 Experienced claustrophobia

7 Had contraindication for MRI
5 Underwent CABG surgery

2 Received ICD or pacemaker
2 Too large for scanner

1 Withdrew consent

Patients could be excluded for more
than 1reason; the primary reason for
exclusion in each case is shown.
CABG indicates coronary artery
bypass graft; ICD, implantable

| |

cardioverter-defibrillator; LVEF, left

135 Had LVEF assessed with cardiac MRI
and were included in primary analysis
56 Excluded
55 Did not undergo cardiac MRI
1 Insufficient image quality

53 Excluded

136 Had LVEF assessed with cardiac MRI
and were included in primary analysis

50 Did not undergo cardiac MRI
3 Insufficient image quality

ventricular ejection fraction; MRI,
magnetic resonance imaging; STEMI,
ST-segment elevation myocardial
infarction; TIMI, Thrombolysis in
Myocardial Infarction; PCI,

percutaneous coronary intervention.

161 minutes (IQR, 109-250). The median time of administra-
tion of the first dose of study treatment after first coronary in-
tervention was 102 minutes in the metformin group (IQR, 81-
133) and 100 minutes in the control group (IQR, 78-134) (P = .27).
The median duration of exposure to study medication was 124
days in the metformin group (IQR, 119-125) and 124 days in the
control group (IQR, 120-125) (P = .14). The rate of premature dis-
continuation of the study drug was similar between the met-
formin and placebo groups (16% vs 13%; P = .42). Further de-
tails on the medical therapy at discharge are reported in eTable
1in Supplement.

Cardiac MRI Population

Four months after infarction, all patients were alive and none
were lost to follow-up. Of these, 105 patients did not undergo
MRI for various reasons (Figure 1). From among the 275 re-
maining patients, the MRI core laboratory considered 4 scans
tobe of insufficient quality. On average, patients with MRI data
were on average younger, more often male, less often current

JAMA Published online March 31,2014

smokers, had lower systolic blood pressure, less often had mul-
tivessel disease, and more often had better angiographic PCI
outcome, as reflected by TIMI flow grade 3 after PCI (eTable 2
in Supplement). There were no baseline differences between
the 2 treatment groups (eTable 3 in Supplement).

Primary End Point Measure

Left ventricular ejection fraction 4 months after randomiza-
tion did not differ between the metformin group (53.1% [95%
CI, 51.6%-54.6%]) and the placebo group (54.8% [95% CI, 53.5%-
56.1%] P = .10) (Table 2). Additional sensitivity analysis, ad-
justing for age, sex, baseline NT-proBNP level, and myocar-
dial blush grade suggested that this finding was robust and not
driven by potential relevant baseline characteristics. Results
were little changed when missing data were handled using mul-
tiple imputations. The treatment effect on LVEF was also simi-
lar in the prespecified subgroups, with the exception being the
subgroup divided according to the median creatinine level
(Figure 2). However, when creatinine levels were studied on
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a continuous scale, no evidence for interaction with the ef-  Secondary End Point Measures

fect of metformin was observed (interaction coefficient, 0.03 The NT-proBNP concentration at 4 months after infarction, a
[95% CI, -0.11 to 0.17]; P = .69), suggesting that this findingis principal secondary efficacy measure, was available in 320 pa-
attributable to chance. tients (84.4%). The concentration of NT-proBNP was not dif-

Table 1. Baseline Characteristics

No. (%)
Total Metformin Placebo
Characteristic (n=379) (n=191) (n=188)
Age, mean (SD), y 58.8 (11.6) 58.7 (11.8) 58.8 (11.5)
Women 95 (25.1) 47 (24.6) 48 (25.5)
Body mass index, mean (SD)? 27.0 (3.8) 26.9 (3.8) 27.0 (3.9)
Race/ethnicity
White 365 (96.3) 185 (96.9) 180 (95.7)
Asian 10 (2.6) 5(2.6) 5(2.7)
Black 4(1.1) 1(0.5) 3 (1.6)
Cardiovascular related history
Hypertension 112 (30.0) 61 (31.9) 51 (27.1)
Dyslipidemia 239 (63.1) 111 (58.1) 128 (68.1)
Current smoking 209 (55.1) 108 (56.5) 101 (53.7)
Stroke 3(0.8) 2 (1.0) 1(0.5)
Peripheral artery disease 0 0 0
Previous PCI 3(0.8) 1 (0.5) 3(1.6)
Blood pressure, mean (SD), mm Hg
Systolic 134 (23) 135 (23) 134 (24)
Diastolic 84 (15) 85 (14) 84 (15)
Heart rate, mean (SD), beats/min 76 (16) 75 (16) 77 (16)
Ischemia time, median (IQR), min 161 (109-250) 171 (110-272) 153 (108-234)
Single-vessel disease 258 (68.1) 122 (63.0) 136 (72.3)
Infarct-related artery
Left main 0 0 0
Left anterior descending coronary artery 146 (38.5) 75 (39.3) 71 (37.8)
Left circumflex coronary artery 64 (16.9) 33 (17.3) 31 (16.5)
Right coronary artery 169 (44.6) 83 (43.5) 86 (45.7)
Infarct-related artery TIMI flow
Preintervention grade
0 208 (54.9) 99 (51.8) 109 (58.0)
1 27 (7.1) 14 (7.3) 13 (6.9)
2 66 (17.4) 45 (23.6) 21 (11.2)
3 78 (20.6) 33(17.3) 45 (23.9)
Postintervention grade
2 34 (9.0) 24 (12.6) 10 (5.3)
3 345 (91.0) 167 (87.4) 178 (94.7)
Myocardial blush grade
0 10 (2.6) 6(3.2) 4(2.1)
1 29 (7.7) 20 (10.6) 9 (4.8)
2 74 (19.5) 35 (18.6) 39 (20.7)

3 263 (69-4) 127 (67.6) 136 (72.3) Abbreviations: CK, creatine kinase;
Laboratory values at admission, median (IQR) HbA,, glycated hemoglobin; IQR,
CK, U/L 129 (83-210) 133 (87-260) 123 (82-181) interquartile range; NT-proBNP,

Myocardial band of CK, U/L 16 (13-25) 16 (13-29) 16 (12-23) g‘;ﬁm?;'Cﬁrsgfd:aﬂaezzfs’igfonary

Creatinine, pmol/L 72 (62-82) 71 (61-84) 72 (63-80) intervention; TIMI, Thrombolysis in

NT-proBNP, ng/L 81 (40-200) 83 (41-235) 79 (38-176) Myocardial Infarction.

Glucose, mmol/L 8.2 (7.0-9.6) 8.2 (7.0-9.4) 8.4 (7.2-9.8) ? Calculated as weight in kilograms

HbA,, % 58(56-6.0) 58 (5.6-6.1) 5.8 (5.6-6.0) ;’;‘ﬂgf:d?y heightin meters
jama.com JAMA Published online March 31,2014
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Table 2. Outcomes at 4 Months

Total Metformin Placebo

Outcome? (n=379) (n=191) (n=188) P Value
Primary end point, % (95% CI)
LVEF 53.9 (52.9-55.0) 53.1(51.6-54.6) 54.8(53.5-56.1) .10
Secondary end point, median (IQR)
NT-proBNP, ng/L 167 (72-390) 167 (65-393) 167 (74-375) .66
Creatinine, pmol/L 79 (71-88) 79 (70-87) 79 (72-89) .61
Glucose, mmol/L 5.7 (5.2-6.2) 5.7 (5.2-6.3) 5.6 (5.2-6.2) .96
HbA; ., % 5.9(5.7-6.1) 5.9 (5.6-6.1) 5.9 (5.7-6.1) .15
Clinical outcomes, No. (%)
MACE® 8(2.1) 6(3.1) 2(1.1) .16
Death 0 0 0 1.00
Reinfarction 7 (1.8) 5(2.6) 2(1.1) .26
STEMI 2 (0.5) 1(0.5) 1(0.5) .99
Non-STEMI 5(1.3) 4(2.1) 1(0.5) .18
Stent thrombosis 3(0.8) 2 (1.0) 1 (0.5) .57 Abbreviations: CABG, coronary artery
Ischemia-driven reintervention 15 (4.0) 8(4.2) 7 (3.7) .82 bypass gralft; HbAF' glycateq

- — hemoglobin; IQR, interquartile range;
Target-lesion revascularization 4(1.1) 3(1.6) 1 (0.5) 33 LVEF, left ventricular ejection
Target-vessel revascularization 3(0.8) 1 (0.5) 2(1.1) .56 fraction; MACE, major adverse
Non-target-vessel revascularization 8 (2.1) 4(2.1) 42.2) 99 cardiac events; non-STEMI,

non-ST-segment elevation
CABG surgery 1(0.3) 1(0.5) 0 32 myocardial infarction; NT-proBNP,
Hospitalization for heart failure 2 (0.5) 2 (1.0) 0 .16 N-terminal pro-brain natriuretic
Hospitalization for chest pain 24 (6.3) 14 (7.3) 10 (5.3) 42 peptide; STEMI, ST-segment
) S elevation myocardial infarction.
Implantable cardioverter-defibrillator 3(0.8) 2 (1.0) 1 (0.5) .57 I . i
implantation Definitions are available in
Stroke 1(0.3) 0 1(0.5) 31 eMethods 2 in Supplement.
b ) . Noci

Diabetes 59 (15.6) 32 (18.5) 27 (15.3) 56 Death, reinfarction, or target-lesion

revascularization.

ferent between the 2 groups, with a median of 167 ng/L (IQR,
65-393 ng/L) for the metformin group and 167 ng/L (IQR, 74-
375 ng/L) for the placebo group (P = .66). This finding did not
change in sensitivity analysis with adjustment for age, sex,
baseline NT-proBNP concentration, and myocardial blush
grade.

The combined MACE end point and individual end points—
reinfarction, interventions, hospitalizations for heart failure
and chest pain, implantations of implantable cardioverter-
defibrillators, and stroke—up to 4 months are displayed in
Table 2. No differences in MACE were observed between the
metformin group compared with the placebo group (3% vs 1%,
respectively; P = .16). There were also no differences in indi-
vidual end points between the 2 treatment groups. There were
no significant differences between the patients who under-
went primary end point assessment and those who did not un-
dergo MRI (eTable 4 in Supplement). The study medication was
generally well tolerated. No case of lactic acidosis and im-
paired renal function was diagnosed during follow-up.

Concentrations of creatinine, glucose, and HbA,. were
available in 333 (87.8%), 328 (86.5%), and 317 (83.6%) pa-
tients, respectively. The creatinine concentration at 4 months
was comparable between the metformin group (79 pmol/L
[IQR, 70-87 umol/L]) and the control group (79 pmol/L [IQR,
72-89 umol/L]) (P = .61). Glucose levels measured at 4 months
during the visit to the outpatient clinic were 5.7 mmol/L (IQR,
5.2-6.3 mmol/L) in the metformin group and 5.6 mmol/L (IQR,
5.2-6.2 mmol/1) in the placebo group (P = .96). The HbA, . con-

JAMA Published online March 31,2014

centration at 4 months did not differ between groups, with a
median of 5.9% (IQR, 5.6%-6.1%) for the metformin group and
5.9% (IQR, 5.7%-6.1%) for the placebo group (P = .15).

|
Discussion

In this double-blind, randomized, controlled trial, in patients
without diabetes who underwent primary PCI for STEMI, treat-
ment with 500 mg of metformin administered twice daily for
4 months did not have an effect on LVEF or NT-proBNP lev-
els, compared with placebo. Because left ventricular func-
tion is currently regarded as the most important predictor of
morbidity and mortality after STEMI, it is unlikely that met-
formin will have a significant effect on long-term outcome af-
ter STEMI in patients without diabetes.

To our knowledge, this study is the first to prospectively
study the effects on left ventricular function of metformin
compared with placebo as adjunct to optimal medical treat-
ment. Our results did not confirm the effects observed in
experimental studies."®"* In a nondiabetic rat model of myo-
cardial infarction our group demonstrated that metformin
was associated with a reduced infarct size of 22% and a rela-
tive improvement in LVEF of 52% as compared with
placebo.™® Another experimental study by Calvert et al*> dem-
onstrated that administration of metformin both prior to or
during ischemia-reperfusion was effective in improving left
ventricular function in a mouse model.
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Figure 2. Estimated Effect of Metformin Compared With Placebo on Left Ventricular Ejection Fraction (LVEF) According to Prespecified Subgroups

Difference in LVEF

No. of Patients LVEF (95% Cl), % in Percentage Favors | Favors P for

Variable Metformin  Placebo Metformin Placebo Points (95% Cl) Placebo | Metformin Interaction
Overall 135 136 53.09 (51.56-54.61) 54.80(53.46-56.14) -1.71(-3.73t00.31) —a—
Sex

Male 107 106 52.35(50.76-53.94) 54.89(53.37-56.41) -2.54(-4.73t0-0.36) —a— 11

Female 30 28 55.91(51.70-60.12) 54.48 (51.45-57.50) 1.43(-3.58t0-6.44) — ’
Age,y

Below median (<58.0) 71 65 53.81(51.74-55.87) 54.69 (52.85-56.52) -0.88(-3.63t01.88) — 40

Above median (>58.0) 64 71 52.28 (49.98-54.58) 54.90(52.92-56.89) -2.62(-5.61100.38) —— '
BMI

Below median (<26.6) 69 67 52.21(49.98-54.44) 54.77 (52.84-56.70) -2.56(-5.49100.37) —— 40

Above median (>26.6) 66 69 54.00(51.89-56.11) 54.83(52.92-56.74) -0.83(-3.64t01.99) — ’
Location of M|

Anterior 55 56 51.32(48.66-53.98) 53.26 (50.80-55.72) -1.96(-5.52t0 1.64) —— 86

Nonanterior 80 80 54.30(52.49-56.11) 55.88(54.38-57.37) -1.58(-3.91t00.75) —— ’
No. of diseased vessels

1 93 102 53.24(51.36-55.13) 55.30(53.78-56.81) -2.05(-4.43t00.32) —a— 34

20r3 42 34 52.74 (50.06-55.42) 53.31(50.37-56.26) -0.57 (-4.41t03.27) — '
Ischemic time, min

Below median (<156) 63 73 54.48 (52.32-56.54) 55.43(53.85-57.01) -0.95(-3.55t0 1.66) — 54

Above median (>156) 72 63 51.87 (49.71-54.02) 54.07 (51.79-56.35) -2.20(-5.31t00.90) —— ’
TIMI flow before PCI

Oorl 82 92 51.48 (49.52-53.44) 53.48(51.70-55.27) -2.01(-4.64t00.62) —— 97

20r3 53 44 55.58(53.23-57.92) 57.55(55.97-59.13) -1.97 (-4.88 t0 0.94) — '
TIMI flow after PCI

2 10 7 52.33(46.64-58.03) 48.70(38.76-58.64) 3.64 (-6.00t0 13.28) = 19

3 125 129 53.15(51.54-54.75) 55.13(53.80-56.46) -1.98 (-4.05 to 0.08) —a— '
Myocardial blush grade

Oorl 12 12 51.17 (45.88-56.46) 49.09 (42.11-56.06) 2.09 (-6.16 to 10.34) = 24

20r3 121 124 53.23(51.59-54.86) 55.35(54.04-56.66) -2.13(-4.21t0-0.05) —a— ’
Admission HbAlc

Below median (<5.8) 80 80 53.33(51.33-55.33) 53.73(51.79-55.69) -0.39(-3.16t02.37) — 16

Above median (>5.8) 54 55 53.08 (50.71-55.45) 56.43(54.71-58.14) -3.35(-6.23t0-0.47) —&%—— '
Admission glucose, mmol/L

Below median (8.2) 64 73 54.51(52.61-56.42) 55.27 (53.46-57.08) -0.76(-3.36t01.85) — 4

Above median (>8.2) 71 63 51.80(49.46-54.14) 54.25(52.22-56.29) -2.45(-5.561t00.66) —
Admission NT-proBNP, ng/L

Below median (<80) 68 69 54.08 (52.13-56.03) 56.12 (54.54-57.69) -2.04 (-4.52t00.44) —— -

Above median (>80) 67 67 52.08 (49.71-54.46) 53.44(51.26-55.62) -1.36(-4.55t01.83) —— ’
Admission creatinine, pmol/L

Below median (<72) 70 66 51.24 (49.04-53.44) 55.30(53.57-57.04) -4.06(-6.87to-1.26) —&—— 02

Above median (>72) 65 70 55.07 (53.03-57.12) 54.32(52.26-56.38) 0.75(-2.13t03.63) —r— '

R

Difference in LVEF in Percentage Points (95% Cl)

Estimation of the effect of metformin compared with placebo on LVEF
according to prespecified subgroups. The estimated LVEF for the effect of
metformin in the prespecified subgroups, as well as the absolute difference in
LVEF for the effect of metformin per prespecified subgroup compared with the

LVEF in the placebo group is displayed. BMI indicates body mass index; HbA,,
glycated hemoglobin; MI, myocardial infarction; NT-proBNP, N-terminal
pro-brain natriuretic peptide; PCI, percutaneous coronary intervention; TIMI,
Thrombolysis in Myocardial Infarction.

Therefore, in our attempt to translate these experimental
data into clinical situations, we included patients and started
metformin immediately after PCI. Furthermore, because ex-
perimental data suggest that the effect of metformin on left
ventricular function is not solely driven by glycemic control,
we studied patients without known diabetes at inclusion.'3"*
In addition, in patients with established type 2 diabetes, met-
formin is indicated as standard treatment according to cur-
rent guidelines; therefore, randomization of these patients to
placebo is not appropriate.?#

jama.com

Earlier preclinical studies reporting on the protective ef-
fects of metformin were mainly performed in animals under-
going occlusion of the left main or the proximal left anterior
descending coronary artery, resulting in a large area at risk.">™*>
To decrease heterogeneity of baseline LVEF, we only in-
cluded patients presenting with their first acute myocardial in-
farction. Because of the exclusion of patients with prior myo-
cardial infarction, as well as those with diabetes or those unable
to provide informed consent, the baseline characteristics of our
study population are somewhat favorable and lower-risk com-
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pared with real-life practice. The exclusion of these high-risk
categories might have influenced our findings.®° However, in
our subgroup analyses and in our sensitivity analyses adjust-
ing for TIMI flow and myocardial blush grade, we did not find
any evidence that the effect of metformin treatment was de-
pendent on the area at risk.

Another potential reason for the lack of efficacy of met-
formin in our study might have been the time window be-
tween coronary occlusion and achieving effective plasma lev-
els of metformin. On average, the administration of the first
dose of study medication took place 101 minutes after coro-
nary intervention. Considering a time to peak plasma concen-
tration of metformin after oral administration of approxi-
mately 180 minutes, the average time between PCI and the
achievement of effective plasma levels was approximately 4
hours.?* Therefore, our study does not exclude a potential ben-
eficial effect of effective plasma metformin levels during
reperfusion or earlier.2®

In a retrospective analysis, long-term metformin treat-
ment in patients with diabetes was associated with lower peak
levels of biochemical markers of myocardial infarct size and
improved outcome compared with other glucose-lowering
therapies.'®:2729 However, data derived from nonrandom-
ized, retrospective studies are susceptible to prescribing bi-
ases. Recently, metformin treatment (250 mg 3 times daily) in
patients with the metabolic syndrome started 7 days prior to
elective PCI resulted in both a smaller cardiac biomarker re-
lease after intervention and a favorable 1-year clinical
outcome.?° In experimental animal studies, the beneficial ef-
fects of metformin on left ventricular function and myocar-
dial infarct size were similar when metformin was adminis-
tered prior to or during ischemia-reperfusion.'> In additional
subgroup analyses, we did not observe differences in the treat-
ment effect of metformin dependent on the timing of the first
dose.

In addition, the lack of efficacy of metformin in our study
might have been attributable to the dose of metformin admin-
istered. We studied metformin at a dosage of 500 mg twice daily
because this is generally well tolerated and allows open-label
treatment of metformin when diabetes is diagnosed after ran-
domization. Another reason not to choose the highest pos-
sible dose are reports on metformin-induced lactic acidosis,

Metformin After AMI in Patients Without Diabetes

especially in acute conditions related to renal insufficiency.?-3*
Patients with STEMI undergoing acute catheterization with
contrast are indeed prone to the development of nephropa-
thy, and safety data on high-dose metformin treatment were
not available.?? In this study, there was no evidence of lactic
acidosis or impaired renal function. However, we cannot ex-
clude a potential beneficial effect on LVEF of high-dose met-
formin treatment.

Four months of treatment with metformin (500 mg twice
daily) did not have a large effect on glycemic control. Median
glucose and HbA, . levels did not differ between patients re-
ceiving metformin compared with placebo (P = .96 and P = .15,
respectively). In the CAMERA (Carotid Atherosclerosis: Met-
formin for Insulin Resistance) study, treatment of patients with
coronary artery disease but without diabetes using metfor-
min (850 mg twice daily for 18 months) resulted in a small but
significant difference of -0.13% in HbA, . values.>* Recently, a
systemic review of antihyperglycemic therapies to prevent the
onset of diabetes could not detect a significant effect of
metformin.?” In line with these previous observations, we did
not see a difference in the incidence of new-onset diabetes at
4 months.

In our study, measures of left ventricular function were the
main end points to investigate the effect of metformin. Left
ventricular ejection fraction obtained by MRI is an estab-
lished efficacy measure because it predicts MACE.3® Concen-
tration of NT-proBNP as a measure strongly relates with LVEF
and clinical outcome.2°:3738 By using these surrogate mea-
sures for clinical outcome we aimed to detect an effect of met-
formin on outcome. Moreover, we anticipated that the num-
ber of MACE would be too small to detect a significant effect
of metformin. Indeed, MACE were observed in few patients.
Follow-up is ongoing to investigate long-term effects of met-
formin on clinical outcome.

. |
Conclusions

Among patients without diabetes presenting with STEMI, met-
formin did not preserve LVEF compared with placebo. A role
for metformin in preventing heart failure after myocardial in-
farction remains unproven.
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