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ABSTRACT

Background: 
Use	of	metformin	at	time	of	acute	myocardial	infarction	has	been	associated	
with	smaller	myocardial	infarct	size,	independent	from	glycemic	control.	The	
effect	of	metformin	on	infarct	size	is	unknown	in	patients	with	ST	segment	
elevation	myocardial	infarction	(STEMI).

Methods: 
Immediately	 after	 PCI	 380	 patients	 in	 the	 GIPS-III	 trial	 were	 randomly	
allocated	 to	metformin	 500	mg	 or	 placebo	 twice	 daily.	Myocardial	 infarct	
size	during	hospitalization	was	determined	by	release	of	creatine	kinase	(CK)	
and	myocardial	band	of	CK	(CK-MB),	and	was		determined	after	4	months	by	
cardiac	magnetic	resonance	imaging	(CMRI)	with	the	use	of	late	gadolinium	
enhancement.

Results: 
Baseline	 characteristics	 of	 metformin	 and	 placebo	 treated	 subjects	 were	
similar	The	area	under	 the	curve	of	CK	and	CK-MB	did	not	differ	between	
groups	 (1.1e8	U/L	per	 72	h	 [IQR	4.9e7–2.4e8	U/L	per	 72	h]	 vs.	 1.2e8	U/L	
per	72	h	[IQR4.6e7–2.2e8	U/L	per	72	h];	P=0.58	and	1.0e7	U/L	per	72	h	[IQR	
4.5e6–2.0e7	U/L	per	72	h]	vs.	1.2e7	U/L	per	72	h	[IQR	5.1e6–1.9e7	U/L	per	72	
h];	P=0.86).	The	myocardial	infarct	size	at	4	months	by	CRMI	in	the	metformin	
group	(7.3	g	[IQR	2.5–14.55	g])	was	comparable	to	the	placebo	group	(7.8g	
[IQR	2.0–14.0];	P=0.92).	Metformin	was	not	a	predictor	of	myocardial	infarct	
size	in	multivariate	regression.

Conclusions: 
In	non-diabetic	patients	presenting	with	STEMI,	metformin	started	directly	
after	PCI	did	not	reduce	myocardial	infarct	size	either	during	hospitalization	
or	at	4	months	after	infarction.
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BACKGROUND

Myocardial	 infarct	 size	 is	 a	 primary	 determinant	 of	 outcome	 in	 patients	
presenting	 with	 acute	 myocardial	 infarction.1	 Advances	 in	 therapeutic	
approaches	to	patients	with	acute	myocardial	infarction	in	the	last	decades	
resulted	in	improved	myocardial	salvage,	effectively	lowering	the	incidence	
of	post	MI	heart	failure.2	Irrespective	of	left	ventricular	function,	myocardial	
infarct	size	has	been	shown	to	be	a	strong	predictor	of	outcome	in	patients	
with	STEMI.3,4

	 Metformin,	 the	 most	 widely	 used	 oral	 antihyperglycaemic	 drug	
for	 the	 treatment	 of	 type	 2	 diabetes,	 has	 been	 associated	with	 improved	
outcome	in	multiple	studies	in	patient	with	diabetes.5–9	In	patients	with	acute	
myocardial	infarction,	a	post	hoc	analysis	of	the	DIGAMI-2	trial	demonstrated	
that	metformin	was	 associated	with	 improved	 survival	 compared	 to	other	
antihyperglycemic	strategies.10	Since	glucose	levels	achieved	in	all	treatment	
groups	were	equal,	these	effects	appeared	to	be	independent	from	glycemic	
control,	 suggesting	 additional	 pleiotropic	 effects	 in	 addition	 to	 glucose-
lowering.	A	recent	retrospective	analysis	in	patients	with	diabetes	presenting	
with	 STEMI	 suggested	 that	 chronic	 use	 of	metformin	was	 associated	with	
smaller	 infarct	size,	as	determined	by	peak	 levels	of	creatine	kinase	(CK).11 

In	 addition,	 Calvert	 and	 colleagues	 demonstrated	 that	 administration	 of	
metformin	at	the	time	of	reperfusion	yielded	comparable	infarct	size	reduction	
as	administration	prior	to	ischemia	reperfusion.12	This	finding	suggests	that	
metformin	administration	during	reperfusion	in	STEMI	patients	may	reduce	
myocardial	infarct	size	and	therefore	may	improve	outcome	in	these	patients.
	 Recently,	 the	 GIPS-III	 trial	 demonstrated	 that	 administration	 of	
metformin	did	not	result	in	improvement	of	left	ventricular	ejection	fraction	
(LVEF)	in	non-diabetic	patients	presenting	with	STEMI.17	However,	myocardial	
infarction	 size	 is	 known	 to	 substantially	 vary	 irrespective	 of	 LVEF	 and	 is	
possibly	an	even	stronger	predictor	of	outcome.3,4	Therefore,	we	studied	the	
effect	of	metformin	on	early	and	 late	myocardial	 infarct	size,	as	secondary	
outcome	parameters	in	the	GIPS-III	trial.
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METHODS

The	 current	 study	 is	 a	 prespecified	 secondary	 analysis	 from	 the	 single	
center,	randomized,	double-blind,	placebo-controlled	Metabolic	Modulation	
With	Metformin	to	Reduce	Heart	Failure	After	Acute	Myocardial	Infarction:	
Glycometabolic	Intervention	as	adjunct	to	Primary	Coronary	Intervention	in	
ST	Elevation	Myocardial	Infarction	(GIPS-III)	trial.	The	study	design,	baseline	
characteristics	 and	 primary	 outcomes	 have	 been	 published	 previously.17,18	

In	brief,	patients	who	underwent	acute	catheterization	for	suspicion	of	ST-
segment	elevation	myocardial	 infarction	 (STEMI)	 at	 the	University	Medical	
Center	 Groningen	 between	 January	 1,	 2011,	 and	 May	 26,	 2013	 were	
considered	for	this	trial.	Inclusion	criteria	were	age	older	than	18	years,	final	
diagnosis	of	 STEMI,	and	undergoing	a	percutaneous	 coronary	 intervention	
(PCI)	 with	 implantation	 of	 at	 least	 1	 stent	 of	 at	 least	 3	 mm	 in	 diameter,	
resulting	 in	 post-PCI	 Thrombolysis	 in	 Myocardial	 Infarction	 (TIMI)-flow	
grade	≥2.	Criteria	 for	exclusion	were	known	diabetes,	previous	myocardial	
infarction,	severe	renal	dysfunction,	need	for	coronary	artery	bypass	grafting	
(CABG)	surgery,	contraindications	for	3T	cardiac	magnetic	resonance	imaging	
(CMRI),	a	condition	resulting	in	inability	to	provide	informed	consent,	or	had	
a	condition	that	interfered	with	the	ability	to	comply	with	the	protocol.
	 The	study	was	in	accordance	with	the	Declaration	of	Helsinki	and	was	
approved	by	the	local	ethics	committee	(Groningen,	the	Netherlands)	and	by	
national	regulatory	authorities.

CK and myocardial band of CK measurements
Blood	samples	for	analysis	of	myocardial	 injury	were	drawn	according	to	a	
standardized	protocol	during	the	PCI	procedure,	and	at	3,	6,	9,	12,	18,	24,	36,	
48	and	72	hours	after	PCI.	Measurement	of	CK	and	myocardial	band	of	CK	
was	performed	according	to	local	hospital	standards	as	part	of	standard	care	
on	standard	laboratory	assays	(Roche	Modular,	Roche	Mannheim,	Germany).	
For	 each	 patient,	 peak	 levels	 were	 identified	 and	 Area	 Under	 the	 Curve	
(AUC)	was	estimated	by	the	trapezoid	method	from	cardiac	biomarker	levels	
measured	at	individual	time-points	from	the	PCI	procedure	till	48	hours	for	
both	CK	and	myocardial	band	of	CK.
	 Peak	 levels	 or	 area	 under	 curve	 of	 creatine	 kinase	 (CK)	 and	
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myocardial	 band	 of	 CK	 are	 used	 for	 diagnosing	 myocardial	 infarct	 size	
during	the	acute	phase	of	myocardial	infarction.	Myocardial	infarction	often	
results	in	myocardial	injury,	leading	to	myocardial	scarring.	Late	gadolinium	
enhancement	 (LGE)	 imaging	 during	 CMRI	 has	 been	 demonstrated	 to	
identify	myocardial	scarring	with	high	diagnostic	accuracy.22,24	Currently,	LGE	
CMR	 imaging	 is	 considered	 the	 gold	 standard	 for	 detection	 of	myocardial	
infarction.1

Cardiac magnetic resonance
CMRI	was	performed	 in	a	3T	whole-body	clinical	scanner	 (Achieva,	Philips,	
Best,	the	Netherlands)	using	a	phased	array	cardiac	receiver	coil,	4	months	
after	 infarction.	 Images	 were	 acquired	 during	 repeated	 breath-holds	 and	
were	 electrocardiogram-gated.	 Cine	 steady-state	 free	 precession	 imaging	
sequences	without	contrast	were	used	for	functional	assessment	of	the	left	
ventricle.	 Endocardial	 Contiguous	 short-axis	 slices	 of	 10	mm	 covering	 the	
entire	left	ventricle,	were	used	to	assess	left	ventricular	end-systolic	and	end-
diastolic	volume	and	left	ventricular	myocardial	volume.	Left	ventricular	mass	
was	calculated	by	multiplying	left	ventricular	volume	by	1.05	g/ml	(ref).	Using	
identical	 slice	 locations,	 LGE	 CMRI	 using	 T1-weighted,	 inversion-recovery,	
fast-gradient	pulse	sequences	with	 inversion	times	set	to	null	 the	signal	of	
normal,	viable	myocardium,	were	acquired	10	minutes	after	administration	
of	 a	 gadolinium-based	 contrast	 agent	 (Dotarem,	 Guerbet,	 Gorichem,	 the	
Netherlands).	 Summation	 of	 the	 volume	 of	 hyperenhancement	 per	 slice	
was	multiplied	by	1.05	g/ml	to	calculate	total	 infarct	size	mass.	Dark	areas	
without	contrast	surrounded	by	hyperenhanced	infarct	tissue,	 indicative	of	
microvascular	obstruction	were	included	in	the	infarct	size.	All	CMR	images	
had	identifying	data	removed	for	analysis	by	an	independent	core	laboratory	
(Image	 Analysis	 Center,	 VU	 University	 Medical	 Center,	 Amsterdam,	 the	
Netherlands),	who	were	blinded	for	treatment	allocation	and	clinical	patient	
data.

Statistical analysis
Myocardial	infarct	size	was	a	prespecified	secondary	endpoint	of	the	GIPSIII	
trail.18	 Values	 for	 continuous	 variables	 are	 presented	 as	 mean	 (SD),	 and	
differences	 between	 groups	 were	 assessed	 by	 2-tailed	 t	 test.	 Continuous	
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variables	 not	 normally	 distributed	 are	 presented	 as	 medians	 with	 their	
interquartile	ranges	(IQRs),	and	differences	between	groups	were	assessed	
by	 Wilcoxon-Mann-Whitney	 test.	 Categorical	 variables	 are	 tabulated,	
and	 differences	 between	 groups	were	 assessed	 by	 Chi-square	 test.	 Linear	
regression	 analysis	was	 used	 to	 compare	 CMRI	 and	 enzymatic	 infarct	 size	
between	groups	of	treatment.	Linear	regression	analysis	was	performed	to	
analyze	the	effect	of	treatment	on	CMRI	detected	myocardial	infarct	size.	We	
adjusted	for	age,	sex,	baseline	heart	rate,	baseline	systolic	blood	pressure,	
baseline	 NT-proBNP	 concentration,	 and	 myocardial	 blush.	 All	 reported	 P	
values	are	2-sided.	A	P	value	of	<0.05	was	considered	to	indicate	statistical	
significance.	Analyses	were	performed	using	STATA	version	13.0	(StataCorp).

RESULTS

Population
In	the	GIPS-III	trail,	271	patients	successfully	underwent	CMR	scanning	at	4	
months	to	assess	the	primary	endpoint	LVEF.17	Of	these	subjects,	7	patients	
did	not	undergo	LGE	imaging	and	in	7	additional	patients	the	CMR	scans	were	
of	 insufficient	 image	quality	 to	determine	 infarct	size,	 leaving	257	patients	
for	 the	 current	 sub-study.	 Baseline	 characteristics	 of	 this	 subpopulation	
are	presented	in	Table 1.	The	average	age	of	our	population	was	57.5±11.5	
years	and	56	(22%)	were	female.	The	median	time	from	onset	of	symptoms	
to	first	coronary	intervention	in	this	population	was	161	minutes	(IQR	107–
242	minutes).	The	median	time	of	administration	of	the	first	dose	of	study	
treatment	after	the	coronary	intervention	was	105	minutes	in	the	metformin	
group	(IQR	81–129	minutes)	and	99	minutes	in	the	control	group	(IQR	79–
131	minutes;	P=0.43).

Effect of metformin on myocardial infarct size estimated by CK and CK-MB
Of	all	patients,	repeated	CK	and	CK-MB,	and	troponin	values	were	available	
to	estimate	the	peak-values	during	hospitalization	and	AUC	(Table 2a).	The	
peak	 level	and	the	AUC	of	CK	did	not	differ	between	the	metformin	group	
compared	with	 the	placebo	group	 (1245	U/L	 [IQR	601–2984	U/L]	vs.	1368	
U/L	[IQR	604–3253	U/L];	P=0.77,	and	1.1e8	U/L	per	72	h	[IQR	4.9e7–2.4e8	
U/L	per	72	h]	vs.	1.2e8	U/L	per	72	h	[IQR	4.6e7–2.2e8	U/L	per	72	h];	P=0.58,	
respectively).	Also,	there	was	no	difference	between	the	peak	level	and	the	
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AUC	of	CK-MB	between	both	groups	(159	U/L	[IQR	69–300	U/L]	vs.	163	U/L	
[IQR	 68–343	U/L];	 P=0.49,	 and	 1.01e7	U/L	 per	 72	 h	 [IQR	 4.5e6-2.0e7	U/L	
per	 72	 h]	 vs.	 1.2e7	U/L	 per	 72	 h	 [IQR	5.1e6-1.9e7	U/L	 per	 72	 h]	 P=0.86),	
respectively).

Table 1. Baseline	Characteristics	of	the	Patients	in	whom	Myocardial	Infarct	
Size	could	be	assessed	using	LGE	MRI

Variable Metformin
(n=129)

Control
(n=128) P-value

Age,	mean	(SD),	years 57.3±11.7 57.7±11.4 0.75
Female	sex	–	No.	(%) 27	(20.9) 29 (22.7) 0.74
Body	weight,	mean	(SD),	kg
Body-mass	Index,	mean	(SD),	kg/m2 26.9±3.7 26.9±3.3 0.96

Race	or	ethnic	group	–	No.	(%) 0.60
		Caucasian 123	(95.3) 120	(93.8)
		Asian 5	(3.9) 5	(3.9)
		Black 1	(0.8) 3	(2.3)
Cardiovascular	related	history	–	No.	(%)
		Hypertension 39	(30.2) 32	(25.0) 0.35
		Dyslipidemia 75	(58.1) 86	(67.2) 0.13
		Current	smoking 71	(55.0) 61	(47.7) 0.24
		Stroke 1	(0.8) 0	(0) 0.32
		Previous	PCI 1	(0.8) 2	(1.6) 0.56
Systolic	bloodpressure,	mean	(SD),	mmHg 134±22 132±23 0.53
Diastolic	bloodpressure,	mean	(SD),	mmHg 86±15 84±15 0.26
Heart	rate,	mean	(SD),	beats/min 76±15 76±16 0.94
Ischemia	time,	median	(IQR),	min 163	(109–266) 154	(102–232) 0.23
Single	vessel	disease		–	No.	(%) 88	(68.2) 96	(75.0) 0.23
Culprit	vessel	–	No.	(%) 0.94
		Left	anterior	descending 52	(40.3) 51	(39.8)
		Left	circumflex 21	(16.3) 23	(18.0)
		Right	coronary	artery 56	(43.4) 54	(42.2)
TIMI	flow	grade	pre	PCI	≤	1	–	No.	(%) 79	(61.2) 87	(68) 0.13
TIMI	flow	grade	post	PCI	<	3	–	No.	(%)	
Postintervention	grade 10	(7.8) 7	(5.5) 0.46

Myocardial	blush	grade	≤	1	–	No.	(%) 12	(9.5) 11	(8.6) 0.44
Laboratory	values	at	admission
		Glucose,	median	(IQR),	mmol/l 8.5	(6.9–9.5) 8.1	(7.0–9.3) 0.50
		HbA1c,	median	(IQR),	% 5.8	(5.6–6.1) 5.8	(5.6–6.0) 0.98
  Creatinine,	median	(IQR),	µmol/l 71	(61–85) 72	(64–79) 0.70
		NT-proBNP,	median	(IQR),	ng/l 81	(39–238) 81	(37–178) 0.59
  CK,	median	(IQR),	U/l 141	(93–280) 126	(87–181) 0.05
  Myocardial	band	of	CK,	median	(IQR),	U/l 18	(14–30) 16	(13–23) 0.12
LGE	denotes	late	gadolinium	enhancement;	MRI,	magnetic	resonance	imaging;	SD,	standard	deviation;	
PCI,	percutaneous	coronary	 intervention;	 IQR,	 interquartile	range;	TIMI,	Thrombolysis	 in	Myocardial	
Infarction;	HbA1c,	glycated	hemoglobin;	NT-proBNP,	N-terminal	pro	brain	natriuretic	peptide;	eGFR,	
estimated	glomerular	filtration	rate;	CK,	creatine	kinase;	LDL,	low	density	lipoprotein;	HDL	high	density	
lipoprotein.	
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Effect of metformin on myocardial infarct size 4 months after infarction
The	CMRI	measurements	associated	with	myocardial	infarct	size	are	listed	in	
Table 2b.	There	were	31	(12%)	patients	with	no	detectable	infarct	by	CMR.	
Of	these	31	subjects,	19	were	treated	with	metformin	and	12	with	placebo	
(P=0.19).	Binary	logistic	regression	analysis,	adjusting	for	age,	sex,	baseline	
NT-proBNP	level,	and	myocardial	blush	grade	also	did	not	indicate	a	significant	
difference	between	treatment	(P=0.16).	The	median	total	myocardial	infarct	
size	 in	 the	metformin	group	was	7.3	g	 [IQR	2.5-14.5	g]	and	 in	 the	placebo	
group	7.8	g	[IQR	2.0-14.0	g]	(P=0.92).	The	median	infarct	size	as	percentage	
of	the	total	LV	mass	was	6.8%	(IQR	2.6–13.4%)	in	the	metformin	group	and	
7.3%	(IQR	1.9–13.9%)	in	the	placebo	group	(P=0.80).

Additional analysis on the effects of metformin
If	metformin	were	 to	have	 infarct	 reducing	 capabilities,	 this	effect	may	be	
more	 pronounced	 in	 larger	 myocardial	 infarction.	 Figure 1	 demonstrates	
the	 relationship	 between	 myocardial	 infarct	 size	 during	 hospitalization	 as	
estimated	by	 the	AUC	of	CK-MB	 (U/L	per	72	h)-and	at	4	months	by	CMRI	
(gram),	 for	both	groups.	 There	 is	no	difference	between	 the	 coefficient	of	
both	 groups	 (p	 for	 interaction=0.43),	 illustrating	 that	 there	 is	 no	 effect	 of	

Table 2. Myocardial	Infarct	Size	during	Hospitalization	and	At	4	Months

  A) Myocardial Infarct Size during Hospitalization measured by release of CK and CK-MB

Variable Metformin
(n=191)

Control
(n=188) P-value

AUC	of	CK,	median	(IQR),	U/L	per	72	h 1.1e8	(4.9e7–2.4e8) 1.2e8	(4.6e7–2.2e8) 0.58
Maximal	CK	level,	median	(IQR),	U/L 1245	(601–2984) 1368	(604–3253) 0.77
AUC	of	CK-MB,	median	(IQR),	U/L	per	72	h 1.0e7	(4.5e6-2.0e7) 1.2e7	(5.1e6-1.9e7) 0.86
Maximal	CK-MB	level,	median	(IQR),	U/L 159	(69–300) 163	(68–343) 0.49
  B) Myocardial Infarct Size at 4 months measured by late gadolineum enhancement CMR imaging

Variable Metformin
(n=129)

Control
(n=128) P-value

LVEDV,	mean	(SD),	ml 194	±	46 194	±	46 0.96
LVESV,	mean	(SD),	ml	 90	±	36 93	±	36 0.51
LVEF,	mean	(SD),	% 54.8	±	7.9 53.3	±	8.8 0.16
Cardiac	output,	mean	(SD),	L/min 6.0	±	1.4 6.0	±	1.4 0.72
LV	mass,	mean	(SD),	g 101	±	26 102	±	22 0.71
Infarct	size,	median	(IQR),	g	 9.6	(2.0–14.0) 9.6	(2.5–14.5) 0.95
Infarct	size/LV	mass,	median	(IQR),	% 8.8(1.9–13.855) 8.8	(2.6–13.41) 0.98
CK	denotes	creatin	kinase,	CK-MB,	myocardial	band	of	creatin	kinase;	CMR,	cardiac	magnetic	resonance;	
IQR,	 interquartile	range;	LVEDV,	left	ventricular	end-diastolic	volume;	SD,	standard	deviation;	LVESV,	
left	ventricular	end-systolic	volume;	LVEF,	left	ventricular	ejection	fraction;	and	LV,	left	ventricular.	
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metformin	on	infarct	size	at	4	months	dependent	on	magnitude	of	myocardial	
infarct	size	during	hospitalization.
	 After	 multivariate	 linear	 regression	 analysis	 among	 patients	 with	
detectable	myocardial	infarction	(n=226),	metformin	was	not	a	predictor	of	
myocardial	 infarct	size	at	4	months	(odds	ratio	(OR):	0.15,	 [95%	CI	 -0.136–
0.438],	P=0.30).
	 To	 assess	 whether	 metformin	 improved	 left	 ventricular	 function	
according	 to	magnitude	 of	myocardial	 infarction,	we	 studied	whether	 the	
LVEF	by	CMRI	(%)	differed	according	to	myocardial	infarct	size	by	CMRI	(g)	at	
4	months	between	both	groups.	We	did	not	observe	an	effect	of	metformin	
on	improvement	of	left	ventricular	function	according	to	myocardial	infarct	
size	(p	for	interaction=0.51;	Figure 2).

DISCUSSION

This	 analysis	 from	 the	 GIPS-III	 trial	 is	 the	 first	 to	 prospectively	 study	 the	
effect	of	metformin	in	patients	presenting	with	STEMI	on	MI	size.	The	current	
analysis	 refutes	 our	 hypothesis	 that	 metformin	 treatment	 administered	

Figure 1. Effect of Metformin on the Relationship between Myocardial Infarct Size during 
Hospitalization and at 4 Months.	 Relationship	 between	 the	myocardial	 infarct	 size	 during	
hospitalization	as	measured	by	the	area	under	the	curve	of	myocardial	band	of	creatin	kinase	
and	the	myocardial	infarct	size	at	4	months	as	measured	by	late	gadolineum	enhanced	cardiac	
magnetic	resonance	imaging	for	both	the	metformin	and	placebo	groups.	Abbreviations:	CK-
MB	denotes	myocardial	band	of	creatin	kinase,	and	MRI,	magnetic	resonance	imaging.
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directly	 after	 PCI	 in	 non-diabetic	 patients	 presenting	 with	 STEMI	 reduces	
myocardial	 infarct	size.	We	observed	this	effect	both	during	hospitalization	
and	 at	 4	months	 and	 this	 effects	 was	 consistent	 regardless	 of	magnitude	
of	 infarct	size.	The	findings	of	this	analysis	corroborate	the	main	results	of	
the	GIPS-III	 trial,	which	demonstrated	 that	metformin	did	not	 improve	 left	
ventricular	function	after	STEMI.17

	 Our	hypothesis	that	metformin	elicits	cardioprotection,	with	possibly	
a	role	for	myocardial	infarct	size	reduction	as	a	possible	mechanism	was	based	
on	several	studies	which	demonstrated	that	metformin	was	associated	with	
favorable	outcome	in	patients	with	diabetes.	The	United	Kingdom	Prospective	
Diabetes	 Study	was	 the	 first	 to	 report	 improved	outcome	 associated	with	
metformin.5,6	 Successively,	 multiple	 preclinical	 studies	 in	 animal	 reported	
myocardial	 infarct	 size	 reduction	 as	 a	 potential	 mechanism	 of	 action	 for	
the	improved	survival.12–16	 In	these	animal	models	of	 ischemia-reperfusion,	
metformin	started	prior	to	ischemia-reperfusion	injury	was	shown	to	reduce	
myocardial	 infarct	 size,	 either	measured	 as	 troponin-I	 release	 or	 assessed	
histopathologically,	 independent	 from	 glycometabolic	 state	 or	 glycemic	
control.12–16	In	addition,	our	group	found	that	patients	with	type	2	diabetes	

Figure 2. Effect of Metformin on the Relationship between Myocardial Infarct Size at 4 
months and Left Ventricular Ejection Fraction at 4 Months.	 Relationship	 between	 the	
myocardial	infarct	size	at	4	months	measured	by	late	gadolineum	enhanced	cardiac	magnetic	
resonance	imaging	and	the	left	ventricular	ejection	fraction	at	4	months	measured	by	cardiac	
magnetic	resonance	imaging	for	both	the	metformin	and	placebo	groups.	Abbreviations:	MRI	
denotes	magnetic	resonance	imaging,	and	LVEF,	left	ventricular	ejection	fraction.
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on	chronic	metformin	may	have	 smaller	 infarct	 sizes.11	 The	findings	of	 the	
current	analysis	are	contradictory	to	these	previously	reported	findings.
	 There	 were	 several	 differences	 between	 the	 GIPS-III	 trial	 and	 the	
preceding	 studies.	 First,	 the	 timing	 of	 administration	 of	metformin	 in	 the	
preclinical	 studies	 in	 rodents	 and	 the	 retrospective	 analysis	 by	 Lexis	 and	
colleagues	may	have	played	a	role	in	potential	reduction	of	infarct	size.11-16 In 
the	preclinical	studies,	the	effect	of	administration	during	reperfusion	resulted	
in	a	smaller	reduction	in	infarct	size	compared	to	continuous	administration	
days	or	weeks	prior	to	ischemia.12	However,	administration	of	metformin	after	
reperfusion	has	not	been	studied	in	preclinial	setting.	In	our	study,	metformin	
was	 administered	 as	 soon	 as	 possible	 after	 coronary	 intervention,	 but	 on	
average	 101	minutes	 after	 reperfusion.	 Administration	 of	metformin	 prior	
to	reperfusion	was	not	possible	due	to	ethical	considerations	and	concerns	
regarding	delay	of	PCI.	Nevertheless,	we	did	not	find	any	difference	between	
those	who	started	early	or	late	after	infarction	(data	not	shown).	From	our	
study	we	cannot	conclude	whether	administration	prior	to	reperfusion	may	
affect	myocardial	infarct	size.
	 Second,	 the	 GIPS-III	 studied	 patients	 without	 diabetes.	 In	
experimental	 setting,	 metformin	 associated	 cardioprotective	 effects	 were	
independent	 from	glucose	 control.12–16 In	order	 to	observe	only	metformin	
related	cardioprotective	effects	rather	than	known	glucose-lowering	effects,	
we	 deciced	 to	 include	 only	 patients	 without	 diabetes	 in	 the	 GIPS-III	 trial.	
However,	patients	in	the	UKPDS	and	in	the	retrospective	analysis	by	Lexis	and	
colleagues	did	have	type	2	diabetes.5,6,11	These	studies	both	found	positive	
metformin	associated	effects;	therefore	we	cannot	exclude	the	possibility	of	
metformin	associated	myocardial	infarct	size	reduction	in	patients	with	type	
2	diabetes.
	 Patients	 with	 left	 ventricular	 systolic	 dysfunction	 after	 MI	 have	
poor	short-	and	 long-term	prognosis.1–4 These	patients	more	often	develop	
heart	failure	and	arrhythmic	events.4	However,	in	the	last	decades,	effective	
myocardial	salvage	due	to	rapid	reperfusion	is	attained	more	often,	resulting	in	
a	decrease	in	left	ventricular	systolic	dysfunction	after	myocardial	infarction.1 

Therefore,	assessment	of	myocardial	infarct	size	using	either	cardiac	enzymes	
during	the	acute	phase	(first	48h)	of	the	hospitalization	for	STEMI	or	4	months	
after	 infarction	 have	 been	 shown	 to	 be	 feasible	 and	 reliable	measures	 of	
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the	amount	of	myocardium	injured	and	predicts	clinical	outcomes.	Several	
post-hoc	analyses	demonstrated	that	enzymatic	infarct	size	measured	during	
hospitalization	 for	 myocardial	 infarction	 is	 a	 powerful	 predictor	 of	 1-year	
mortality,	 independent	 from	 clinical	 or	 angiographic	 determinants.19–21 

Moreover,	after	3-6	months	after	infarction	late	gadolinium	enhancement	on	
CMR	imaging	is	superior	to	other	imaging	techniques	in	detecting	myocardial	
infarcts,	especially	in	smaller	infarcts.22–24	Myocardial	infarct	size	measured	by	
CMR	provides	incremental	prognostic	information.3 Since	we	did	not	observe	
any	 effect	 of	metformin	 on	 infarct	 size	 either	 during	 hospitalization	 or	 at	
4	months,	 it	 is	 unlikely	 that	metformin	will	 improve	 outcome	 after	 STEMI	
through	reduction	of	infarct	size.

CONCLUSION

In	 conclusion,	despite	promising	 results	 from	preclinical	 and	observational	
data,	 in	 our	 prospective	 randomized	 controlled	 clinical	 trial	 we	 did	 not	
observe	any	effect	of	metformin	treatment	on	myocardial	infarct	size.
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