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INTRODUCTION

Scope of the problem
Worldwide,	 cardiovascular	 diseases	 are	 the	 leading	 cause	 of	 mortality.	 In	
2008,	17.3	million	people	died	due	to	cardiovascular	disease.1	In	2030,	this	
number	is	expected	to	increase	to	over	23	million	people,	indicating	that	the	
burden	of	cardiovascular	disease	worldwide	is	increasing.2	Of	the	17.3	million	
people	who	died	from	cardiovascular	disease	in	2008,	7.3	million	died	from	
a	heart	attack.3	In	the	Netherlands,	cardiovascular	diseases	are	responsible	
for	 28%	 of	 deaths,	 and	were	 in	 2012	 the	 second	most	 common	 cause	 of	
mortality.4

Coronary artery disease
The	driver	for	cardiovascular	disease	and	mortality	is	 located	mainly	in	the	
blood	 vessels,	 and	 is	 known	 as	 atherosclerosis.	 Atherosclerotic	 coronary	
artery	disease	 is	 the	main	cause	of	 ischemic	heart	disease.	 Ischemic	heart	
diseases	accounted	for	close	to	84,000	admissions	to	Dutch	hospitals	in	2012,	
of	which	almost	30,000	were	caused	by	acute	myocardial	infarction.4

	 Effective	campaigns	lead	to	growing	awareness	of	the	importance	of	
a	healthy	life	style.	For	example,	the	total	number	of	smokers	has	decreased	
by	 50%,	 and	 the	 number	 of	 people	 that	meet	 exercise	 requirements	 has	
never	been	so	high.5	 Still,	many	 important	 steps	 to	prevent	 cardiovascular	
disease	have	 yet	 to	 be	 taken.	Only	 10%	of	 people	meet	 the	 advised	daily	
intake	 of	 fruit	 and	 vegetables	 and	 the	 consumption	 of	 salt	 and	 saturated	
fat	 remains	 undesirably	 high.	 These	 unhealthy	 eating	 habits	 resulted	 in	 a	
large	number	of	people	having	overweight,	 causing	dysglycemia:	 currently	
more	 than	 800,000	Dutch	 people	 have	 been	 diagnosed	with	 diabetes.6 In 
addition,	it	is	estimated	that	another	200,000	people	have	diabetes,	but	are	
not	yet	diagnosed.6	Furthermore,	prediabetes,	a	condition	characterized	by	
dysglycemia	 not	 yet	meeting	 diagnostic	 criteria	 of	 diabetes,	 is	 thought	 to	
be	present	 in	 some	500,000	 to	750.000	people.6,7	 The	number	of	patients	
with	diabetes	is	expected	to	grow,	in	the	Netherlands	and	worldwide.7	Since	
diabetes	 is	one	of	 the	most	 important	 risk	 factors	 for	 the	development	of	
atherosclerotic	 blood	 vessel	 disease,	 the	 growing	 diabetes	 epidemic	 will	
almost	 certainly	 lead	 to	 increased	 cardiovascular	morbidity	 and	mortality.	
In	order	to	prevent	this	epidemic	becoming	uncontrollably	large	in	terms	of	
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numbers	of	patients,	economic	costs	and	resources,	focus	on	prevention	is	
mandatory.

Acute myocardial infarction
Coronary	artery	disease	can	lead	to	an	occlusion	of	a	coronary	vessel.	This	
process	 can	 be	 gradually,	 and	 cause	 progressive	 reduction	 of	 blood	 flow	
to	 the	myocardium	 causing	 angina	 pectoris.	 In	 case	 this	 occlusion	 (totally	
or	 partly)	 develops	 suddenly	 due	 to	 rupture	 of	 an	 atherosclerotic	 plaque,	
an	 acute	 coronary	 syndrome	exists.	 In	 case	 this	 acute	 coronary	 syndrome	
causes	myocardial	 injury,	 one	 speaks	 of	myocardial	 infarction.	Myocardial	
infarction	often	 leads	 to	specific	electrocardiographic	abnormalities,	which	
indicates	a	large	area	of	the	heart	muscle	that	suffers	from	acute	ischemia.	
When	elevation	of	the	ST-segment	isobserved,	the	diagnosis	of	ST-segment	
elevation	myocardial	infarction	(STEMI)	is	set.
	 The	treatment	of	STEMI	patients	has	improved	tremendously	over	the	
past	decades.8	Mortality	rates	in	an	all	comer	population	remain	high:	within	
1	year	on	average	10%	of	patients	die,	and	within	5	years	20%	of	patients	
die.8	In	the	last	decades	practice	changed	from	intense	observation	into	rapid	
interventions,	with	mottos	 like	 ‘time	 is	muscle.’	 A	 standardized	 approach,	
called	the	STEMI	protocol,	which	includes	rapid	recognition,	quick	initiation	of	
treatment,	direct	transport	to	a	percutaneous	coronary	intervention	capable	
hospital	as	part	of	a	network	(Nederlandse	Vereniging	voor	Cardiologie),	and	
early	reperfusion	have	improved	outcome	tremendously.	Illustrative	of	these	
improvements:	while	in	1980	20,000	people	died	in	the	Netherlands	from	an	
acute	myocardial	infarction,	the	number	dropped	to	6,195	people	in	2012.4 In 
the	past	decades	the	importance	of	reperfusion	of	the	infarct	related	artery	
using	percutaneous	coronary	 interventions	has	been	widely	acknowledged	
and	 has	 been	 incorporated	 into	 clinical	 guidelines	 and	 clinical	 practice.	
Accompanied	 by	 cornerstone	 therapies	 like	 beta-blockers,	 angiotensin-
converting	enzyme-inhibitors,	statins	and	antiplatelet	therapy	the	prognosis	
of	patients	with	STEMI	is	much	more	favorable	nowadays	than	30	years	ago.	
These	improvements	in	therapy	lead	to	a	gradual	increase	in	prevalence	of	
patients	who	survived	a	STEMI.	Luckily,	on	the	other	hand,	due	to	 lifestyle	
improvements,	such	as	increased	awareness	and	recognition	of	the	dangers	
of	tobacco,	the	incidence	decreases.
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Heart failure
With	 an	 increase	 in	 the	 number	 of	 patients	 that	 survive	 after	myocardial	
infarction	 the	 focus	 of	 treatment	 should	 be	 both	 on	 the	 prevention	 of	
recurrent	infarction	and	on	the	preservation	of	ventricular	function.	Since	the	
survival	rates	of	patients	with	STEMI	have	increased,	late	consequences	will	
become	more	prevalent.	Evidently,	patients	surviving	STEMI	often	do	so	at	
the	cost	of	at	least	some	myocardial	damage	which	may	result	in	myocardial	
dysfunction	or	ventricular	arrhythmias.	The	most	important	morbidity	after	
acute	myocardial	infarction	is	heart	failure.	Post	myocardial	infarction	heart	
failure,	caused	by	loss	of	functional	myocardium,	is	a	syndrome	characterized	
by	insufficient	myocardial	pump	function.	The	function	of	the	heart	is	divided	
into	 the	 ejection	 phase:	 the	 contractile,	 systolic	 function,	 and	 the	 filling	
phase:	the	relaxing,	diastolic	function.	Both	systolic	and	diastolic	function	is	
important	for	the	pump	function	of	the	heart,	and	both	are	strongly	related	
to	 outcome	 in	 these	 patients.	 Patients	 hospitalized	 for	 heart	 failure	 after	
myocardial	 infarction	have	a	very	poor	prognosis:	close	to	50%	of	patients	
will	die	within	1	year.9–11	Since	general	mortality	rates	in	STEMI	patients	are	
already	quite	 low	 (yet	never	 low	enough),	 therapies	 aimed	at	 reducing	or	
preventing	the	consequences	of	myocardial	infarction,	such	as	heart	failure	
and	 diabetes,	 have	 become	 relevant	 strategies.	 Since	 heart	 failure	 after	
myocardial	infarction	has	high	mortality	rates,	prevention	of	the	development	
of	 heart	 failure	 is	 a	 valid	 end	point.	 Even	more,	 factors	 closely	 associated	
with	the	development	of	heart	failure,	such	as	left	ventricular	function	have	
become	important	surrogate	end	points.	Importantly,	end	points	need	to	be	
able	to	be	assessed	accurately,	which	in	the	case	of	left	ventricular	function	
is	feasible	and	reproducible.

Impact of improved therapy on research
In	terms	of	research,	the	improvements	in	prognosis	cause	new	challenges.	
The	successful	therapies	that	have	been	implemented	make	the	introduction	
of	 new	 effective	 treatments	 much	 more	 difficult.	 The	 law	 of	 diminishing	
returns	 kicks	 in.	 New	 therapies	 need	 to	 be	 proven	 effective	 on	 top	 of	
existing	therapies.	In	order	to	observe	whether	new	therapies	are	effective	
in	improving	survival,	even	larger	trials	are	required,	since	therapeutic	yield	
on	 top	 of	 proven	 therapies,	 is	 likely	 to	 be	 smaller.	 To	 prevent	 trials	 from	
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requiring	 enormous	 numbers	 of	 patients,	 studying	 surrogate	 end	 points,	
which	 have	 been	 proven	 to	 be	 related	 to	 survival,	 is	 an	 attractive	 option	
to	ascertain	effectiveness.	 The	use	of	 combined	end	points,	 in	addition	 to	
looking	at	surrogate	end	points,	has	also	been	recognized	as	an	opportunity	
to	 overcome	 massive	 trials.	 However,	 using	 surrogate	 or	 combined	 end	
points	has	the	potential	danger	of	underestimating	the	effect	on	mortality.	
Therefore,	 proof	 of	 principle	 trials	 are	 typically	 studies	 that	 can	use	 solid,	
reliable	 and	 reproducible	 surrogate	 end	 points,	 but	 only	 if	 they	 have	
been	 proven	 to	 have	 a	 strong	 relationship	 with	 hard	 end	 points.	 In	 such	
trials,	 safety	 should	 therefore	 always	 and	 continuously	 be	 monitored	 by	
independent	observers.	In	addition,	after	positive	results	have	been	achieved,	
confirmation	 from	trials	powered	 for	hard	end	points	 (again	monitored	by	
adequate	independent	oversight)	should	be	undertaken	before	a	therapy	can	
be	regarded	as	effective.

AIMS OF THIS THESIS

Several	pathophysiologic	processes	are	involved	during	and	after	myocardial	
infarction,	 such	 as	 hemostasis,	 inflammation,	 metabolism,	 remodeling,	
etcetera.	Some	of	these	pathways	have	been	successfully	targeted,	whereas	
several	 pathways	 are	 not	 affected	 by	 treatment	 strategies,	 providing	
opportunities	for	intervention.	Current	therapies	are	mainly	aimed	at	limiting	
thrombosis	and	improving	atherosclerotic	burden.
	 At	 the	 start	 of	 this	 thesis,	 the	 myocardial	 ischemia	 group	 of	 the	
University	Medical	Center	Groningen	had	 special	 interest	 in	 the	metabolic	
interventions,	especially	in	the	glucose	metabolism,	in	patients	with	STEMI.	
From	 large	 observational	 studies,	 the	 negative	 influence	 of	 glycemic	
dysregulation	during	and	after	MI	is	well	known.	Several	studies	have	been	
undertaken	 to	 try	 and	 improve	 outcome	 by	 altering	 glycemic	 control	 in	
these	patients.13–15	Despite	lack	of	 improvement	observed	in	these	studies,	
the	focus	from	glycemic	control	shifted	to	a	specific	antihyperglycemic	drug:	
metformin.	We	set	out	to	investigate	the	role	of	metformin	in	patients	with	
STEMI.	This	 thesis	describes	several	studies	on	the	effects	of	metformin	 in	
patients	with	acute	myocardial	infarction.
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Metformin
The	 French	 lilac,	 or	 Galega	 officinalis,	 is	 a	 plant	 used	 in	 folk	 medicine	 to	
intense	urination	in	patients	suffering	from	thirst	for	several	centuries.16	This	
condition	 later	became	known	as	diabetes	mellitus.	The	active	component	
was	 later	 shown	 to	be	 isoamylene	 guanidine.	 French	 scientists	 found	 that	
guanidine	was	effective	in	lowering	blood	glucose	levels,	yet	toxic.	Synthetic	
biguanides	 (two	 linked	 guanidine	 rings)	 proved	effective	 as	well	 and	were	
non-toxic.	The	lipophilic	biguanide	metformin	proved	to	be	the	safest	of	the	
biguanide	class	and	was	approved	for	treatment	of	diabetes	in	the	1970s	in	
Europe	and	in	1995	in	the	United	States	of	America.16,17

	 After	ingestion,	60	to	70%	of	metformin	is	absorbed	in	the	intestine	
under	physiological	conditions.	After	entering	the	blood	stream,	metformin	is	
not	metabolized	and	is	excreted	unchanged	in	the	urine;	the	plasma	half-life	of	
metformin	is	approximately	6	to	7	hours.18	The	main	side-effects	of	metformin	
are	nausea	and	diarrhea;	these	symptoms	occur	almost	exclusively	in	higher	
dosage,	are	usually	transient	and	mild,	and	almost	always	subside	after	dose	
reduction.	Metformin-associated	 lactic	 acidosis	 is	 a	 serious	 condition	 that	
may	occur	when	metformin	 is	 administered	 in	patients	with	 sudden	 renal	
function	 impairment.	 However,	 a	 causal	 relation	 between	metformin	 and	
the	occurrence	of	 this	condition	has	not	been	objectively	 identified.19	Still,	
concerns	about	this	condition	resulted	in	conservative	recommendations	for	
the	use	of	metformin	in	patient	predisposed	to	lactic	acidosis.
	 Diabetes	is	a	complex	disease	affecting	several	organs	and	metabolic	
processes	in	the	body.	One	of	the	main	factors	contributing	to	the	development	
of	 diabetes-related	 cardiovascular	 disease	 is	 insulin	 resistance.	 Under	
physiological	 conditions	 the	 body	 regulates	 intracellular	 glucose	 demand.	
When	glucose	 is	needed	in	the	cell,	 insulin	facilitates	glucose	transport	via	
a	 receptor	 into	the	cell.	 If	 insulin	 resistance	occurs,	 the	transport	 receptor	
does	not	respond	directly	to	the	 insulin.	 In	this	situation	blood	 insulin	and	
blood	glucose	levels	rise	in	order	to	overcome	insulin	resistance	and	achieve	
adequate	 intracellular	 glucose	 levels.	 Both	 elevated	 blood	 glucose	 levels	
and	blood	insulin	 levels	have	detrimental	effects	on	various	organs	and,	of	
importance,	promote	atherosclerosis.	Metformin	exerts	its	glucose	lowering	
action	by	acting	as	 an	 insulin-sensitizing	 agent.	Metaphorically,	metformin	
greases	the	lock	rather	than	contributing	to	the	problem	by	increasing	blood	
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insulin	concentrations	such	as	sulfonylureas	and	insulin,	that	increase	insulin	
concentrations	to	overcome	insulin	resistance	(i.e.	add	more	keys	and	force	
the	locks	open).20	Metformin	mono-therapy	was	shown	to	be	equally	effective	
as	sulfonylureas	or	insulin	in	achieving	glucose	control	targets.21–25

	 Currently,	 metformin	 is	 the	 most-widely	 used	 anti-hyperglycemic	
drug	for	the	treatment	of	type	2	diabetes	mellitus.	Metformin	was	prescribed	
in	 the	 United	 States	 of	 America	 alone	 more	 than	 59	 million	 times	 in	
2011.26	The	guidelines	of	 international	organizations	such	as	 the	European	
Association	for	the	Study	of	Diabetes,	American	Diabetes	Association	and	the	
European	Society	of	Cardiology	recommend	metformin	as	a	first-line	agent	
in	the	treatment	of	type	2	diabetes,	especially	in	overweight	patients	(EASD,	
ADA,	ESC).27,28	Since	metformin	has	been	used	for	decades,	the	cost	of	this	
medicine	are	very	 low.	A	normal	starting	dose	of	500	mg	twice	daily	costs	
yearly	less	than	€9.83,	whereas	the	highest	dosage	of	1000	mg	thrice	daily	
costs	€26.14	yearly.29

Why study metformin in acute myocardial infarction patients?
The	 United	 Kingdom	 Prospective	 Diabetes	 Study	 (UKPDS)	 demonstrated	
in	 1995	 that	 metformin	 was	 equally	 effective	 in	 lowering	 blood	 glucose	
levels	 in	 comparison	 with	 other	 anti-glycemic	 strategies.25	 However,	 only	
metformin	 was	 associated	 with	 improved	 outcome,	 i.e	 lower	 all-cause	
mortality,	 diabetes-related	 death,	 myocardial	 infarction	 and	 stroke.	 These	
effects	of	metformin	could	not	be	explained	through	glycemic	control,	since	
glucose	levels	were	comparable	with	the	other	treatment	arms.	This	finding	
suggested	that	metformin	had	additional	protective	effects,	beyond	glucose	
lowering.	This	was	the	base	for	new	prospective	studies.
	 In	 2008	 in	 the	Diabetes	Mellitus	 Insulin-Glucose	 Infusion	 in	 Acute	
Myocardial	 Infarction	 (DIGAMI)	 2	 study,	 patients	with	 diabetes	 presenting	
with	acute	myocardial	infarction	were	randomly	assigned	to	different	glucose	
control	strategies.30,31	When	comparing	individual	antihyperglycemic	agents	
on	 short	 term	 follow-up,	 metformin	 compared	 to	 other	 strategies	 was	
associated	with	 lower	 risk	 of	 non-fatal	myocardial	 infarction	 and	 stroke.30 
On	the	long	term	metformin	therapy	was	associated	with	a	35%	relative	risk	
reduction	of	all-cause	mortality,	compared	to	other	therapies.31	This	finding	
corroborated	the	findings	of	the	UKPDS	study,	since	glucose	levels	were	also	
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comparable	between	groups	yet	a	clear	survival	benefit	was	observed.
	 Since	 safety	 concerns	 lead	 to	 contraindications	 for	 the	 use	 of	
metformin	in	patients	predisposed	to	developing	lactic	acidosis,	Roussel	and	
colleagues	studied	the	effect	of	patients	who	were	taking	metformin	while	
presenting	 with	 atherothrombosis	 in	 the	 Reduction	 of	 Atherothrombosis	
for	 Continued	 Health	 (REACH)	 Registry.32	 They	 retrospectively	 studied	
19691	 patients	 with	 diabetes	 with	 established	 coronary	 artery	 disease,	
cerebrovascular	disease	or	peripheral	artery	disease.	They	found	that	the	use	
of	metformin	for	secondary	prevention	was	associated	with	a	24%	relative	
reduction	 in	 all-cause	 mortality	 after	 2-year	 follow-up.	 In	 addition,	 they	
specifically	studied	patients	with	moderate	renal	failure,	in	whom	metformin	
was	 prescribed	 despite	 being	 contraindicated.	 They	 found	 that	metformin	
was	not	associated	with	harm,	but	associated	with	at	least	a	similar	reduction	
in	mortality	as	the	overall	population.	To	further	study	the	effect	of	metformin	
in	patients	at	risk	of	renal	dysfunction,	Kao	and	colleagues	performed	a	post	
hoc	analysis	 in	patients	with	diabetes	(n=2,772)	included	in	the	Prevention	
of	Restenosis	with	Tranilast	 and	 its	Outcomes	 (PRESTO)	 trial.33	 They	 found	
that	patients	treated	with	metformin	had	a	lower	incidence	of	any	adverse	
event	and	a	61%	relative	reduction	in	cardiovascular	death	and	a	69%	relative	
reduction	in	myocardial	infarction.
	 Another	group	of	patients	at	 risk	of	 renal	dysfunction	are	patients	
with	heart	failure.	Masoudi	and	colleagues	performed	an	observational	study	
in	patients	with	diabetes	who	were	discharged	after	hospitalization	for	heart	
failure.34	Compared	to	patients	on	non-insulin	sensitizer	therapy,	metformin	
was	 associated	with	 a	 14%	 reduction	 in	 all-cause	mortality.	 In	 addition,	 a	
subgroup	analysis	demonstrated	that	there	was	no	difference	 in	the	effect	
of	metformin	on	mortality	between	patients	with	normal	and	compromised	
renal	 function.	 Therefore,	metformin	 seems	not	 only	 safe	 to	 use	 but	may	
even	improve	outcome	in	heart	failure	patients.
	 Several	 experimental	 studies	 to	 evaluate	 the	 effect	 of	 metformin	
in	models	 of	 ischemia/reperfusion	or	 permanent	 coronary	 occlusion	were	
performed.35–42	The	combined	results	of	these	studies	are	displayed	in	Table 
1	 of	 Chapter 2	 on	 page	 34.	 Taken	 together,	 administration	 of	 metformin	
prior	to	or	directly	after	induction	of	ischemia	resulted	in	smaller	myocardial	
infarct	size,	improved	left	ventricular	function	and	increased	survival.	These	
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effects	were	observed	in	both	animals	with	and	without	diabetes.	Figure 1 
illustrates	 the	hypothetical	 action	of	metformin	on	myocardial	 infarct	 size:	
administration	 of	 metformin	 during	 ischemia/reperfusion	 may	 result	 in	
reduction	of	the	final	infarct	size	compared	to	the	area	at	risk,	compared	to	
placebo	(Figure 1).
	 The	mechanism	of	action	of	metformin-related	effects	is	unknown;	
both	 the	 mechanism	 of	 metformin’s	 glucose	 lowering	 action	 and	 of	
metformin’s	 supposed	 cardioprotective	 effects	 have	 not	 been	 elucidated.	
Several	 possible	 points	 of	 action	 have	 been	 suggested,	 but	 no	 convincing	
evidence	has	 yet	been	presented.	Numerous	downstream	 factors,	 such	as	
adenosine	 monophosphate	 activated	 protein	 kinase	 (AMPK),	 mammalian	
target	 of	 rapamycin	 (mTOR),	 the	 reperfusion	 injury	 signaling	 kinase	 (RISK)	
pathway,	modulation	of	mitochondrial	function,	and	other	actions	have	been	
identified;	 nonetheless,	 the	 exact	 target	 and	 mechanism	 of	 metformin	 is	
unknown.	In	Chapter 5,	Figure 2 on	page	X,	a	scheme	illustrating	the	possible	
mechanism	of	action	is	displayed.

Research questions
This	thesis	aims	to	answer	the	following	research	questions:

1)	 Can	 metformin	 improve	 left	 ventricular	 function	 after	 acute	
myocardial	infarction?

2)	 Can	metformin	reduce	myocardial	infarct	size?
3)	 Can	metformin	improve	the	cardiovascular	risk	profile	in	patients	

without	diabetes?
4)	 Is	 metformin	 safe	 to	 use	 in	 patients	 with	 acute	 myocardial	

infarction?

Outline of this thesis
In  Chapter 2	we	retrospectively	analyzed	patients	with	diabetes	who	underwent	
primary	 percutaneous	 coronary	 intervention	 for	 STEMI	 in	 the	 University	
Medical	 Center	 Groningen.	 We	 compared	 the	 biochemical	 myocardial	
infarct	size	in	patients	treated	with	metformin	and	other	antihyperglycemic	
agents.	Chapter 3	 is	an	editorial	on	insulin	resistance	in	metformin	treated	
heart	 failure	 patients.	 	 In	 Chapter 4	 we	 stressed	 the	 point	 that	 despite	
overwhelming	 retrospective	 analyses	 showing	 beneficial	 associations	 with	
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metformin,	no	 randomized	 clinical	 trial	 yet	proved	metformin	 to	have	any	
of	 its	 purported	 cardioprotective	 effects.	 Subsequently,	 we	 describe	 the	
rationale	 and	 design	 of	 the	 Glycometabolic	 Interventions	 as	 adjunct	 to	
Primary	percutaneous	coronary	Intervention	in	patients	presenting	with	ST-
segment	elevation	myocardial	infarction	(GIPS-III)	trial	which	we	initiated	to	
study	whether	metformin	has	cardioprotective	effects	and	results	 in	better	
cardiac	 function	 after	myocardial	 infarction	 (Chapter 5).	 In	Chapter 6 the 
main	results	of	this	study	are	presented.	The	primary	end	point	of	the	GIPS-
III	 trial	was	 left	ventricular	 function	measured	as	a	 left	ventricular	ejection	
fraction	by	cardiac	magnetic	resonance	imaging	4	months	after	infarction.	In	
Chapter 7	and	Chapter 8	we	describe	the	effect	of	metformin	on	myocardial	
infarct	size	and	glycometabolic	status,	respectively.

Figure 1. Visualization of the Effect of Metformin on Myocardial Salvage.Visualization	 of	
myocardial	infarct	size	reduction	by	metformin,	leading	to	salvation	of	functional	myocardium.	
Myocardial	infarction	without	metformin	(A)	and	with	metformin	treatment	(B);	the	infarcted	
area	in	the	metformin	treated	heart	is	smaller.	The	difference	between	the	infarcted	tissue	in	
A	and	B,	represents	the	salvaged	myocardium	by	metformin,	resulting	in	reduction	of	infarct	
size	(C).
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ABSTRACT

Purpose
Increased	 myocardial	 infarct	 (MI)	 size	 is	 associated	 with	 higher	 risk	 of	
developing	 left	 ventricular	 dysfunction,	 heart	 failure	 and	 mortality.	
Experimental	studies	have	suggested	that	metformin	treatment	reduces	MI	
size	after	induced	ischemia	but	human	data	is	lacking.	We	aimed	to	investigate	
the	effect	of	metformin	on	MI	size	in	patients	presenting	with	an	acute	MI.

Methods
All	consecutive	patients	(n=3,288)	presenting	to	our	hospital	with	ST-segment	
elevation	 myocardial	 infarction	 (STEMI)	 undergoing	 primary	 PCI	 between	
January	 2004	 and	 December	 2010	 were	 included	 in	 this	 retrospective	
analysis.	Patients	with	diabetes	were	divided	according	to	metformin	versus	
non-metformin	based	pharmacotherapy.	MI	size	was	estimated	using	peak	
values	of	 serum	creatine	kinase	 (CK),	myocardial	band	of	CK	 (CK-MB),	and	
troponin-T.

Results
We	identified	677	(20.6%)	patients	with	diabetes,	of	whom	189	(27.9%)	were	
treated	with	metformin.	Chronic	metformin	treatment	was	associated	with	
lower	peak	levels	of	CK	(1,101	U/L	vs.	1,422	U/L,	P=0.005),	CK-MB	(152	U/L	vs.	
182	U/L,	P=0.018)	and	troponin-T	(2.5	ng/L	vs.	4.0	ng/L,	P=0.021)	compared	
to	non-metformin	using	diabetics.	After	adjustment	for	age,	sex,	TIMI	flow	
post	 PCI,	 and	 previous	MI,	 the	 use	 of	 metformin	 treatment	 remained	 an	
independent	predictor	of	smaller	MI	size.	Patient	with	diabetes	treated	with	
metformin	had	even	smaller	MI	size	than	patients	without	diabetes.

Conclusions
Chronic	metformin	treatment	is	associated	with	reduced	MI	size	compared	to	
non-metformin	based	strategies	in	diabetic	patients	presenting	with	STEMI.	
Metformin	might	have	additional	beneficial	effects	beyond	glucose	lowering	
efficacy.
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Metformin associated with reduced myocardial infarct size

INTRODUCTION

Acute	myocardial	 infarction	 (AMI)	often	 results	 in	myocardial	 damage	and	
impaired	 outcome.	 Despite	 improvements	 in	 reperfusion	 therapy	 and	
additional	 pharmacotherapy	 in	 the	 last	 decades,	 mortality	 rates	 remain	
substantial	with	a	1	year	mortality	rate	of	approximately	10%	as	observed	in	a	
recent	retrospective	analysis	in	over	70,000	patients	of	the	Swedish	Coronary	
Angiography	and	Angioplasty	Registry	(SCAAR).1	In	this	population	myocardial	
damage	during	AMI	was	 identified	as	 an	 important	predictor	of	mortality.	
Myocardial	 damage	 often	 results	 in	 decreased	 myocardial	 function	 and	
heart	failure,	and	the	amount	of	myocardium	damaged	is	strongly	related	to	
outcome.2–5	Therefore,	myocardial	infarct	(MI)	size	is	a	primary	determinant	
of	prognosis	in	patients	presenting	with	AMI.2

	 The	 United	 Kingdom	 Prospective	 Diabetes	 Study	 (UKPDS)	 34	 trial	
demonstrated	 that	metformin	 in	overweight	patients	with	 type	2	diabetes	
resulted	 in	a	significant	risk	reduction	of	32%	for	any	diabetes	related	end	
point,	of	42%	for	diabetes	related	death,	and	of	36%	risk	reduction	for	all-
cause	 mortality	 compared	 to	 other	 antihyperglycemic	 strategies.6 In the 
Diabetes	 Mellitus	 Insulin-Glucose	 Infusion	 in	 Acute	 Myocardial	 Infarction	
(DIGAMI)	 2	 study	 (n=1,145),	 metformin	 treatment	 was	 associated	 with	
improved	long-term	outcome.7	More	recently,	Zhao	and	colleagues	showed	
that	TIMI	flow	and	myocardial	blush	grade,	markers	of	epicardial	blood	flow	
and	myocardial	perfusion	respectively,	were	higher	in	MI	patients	(n=154)	on	
chronic	metformin	(Table 1).8	Whether	these	beneficial	effect	are	related	to	
reduced	MI	size	has	not	been	studied	in	humans	yet.
	 In	 several	experimental	 studies	 the	effect	of	metformin	on	MI	size	
was	observed	when	started	before	or	after	 ischemia-reperfusion	(Table 1).	
Our	group	demonstrated	that	metformin	administration	started	2	days	prior	
to	ischemia-reperfusion	and	continued	for	12	weeks	reduced	MI	size	by	22%	
in	a	non-diabetic	rat	model	of	MI.9	Other	preclinical	studies	in	rodents	found	
similar	results,	demonstrating	that	metformin	reduced	MI	size	between	22%	
and	65%	(Table 1).10–14	Metformin	has	also	been	demonstrated	to	improve	left	
ventricular	function	and	inhibit	progression	of	HF	in	both	ischemic	and	non-
ischemic	models.9,	13–15	The	effect	in	non-ischemic	models	suggests	metformin	
acts	also	through	other	mechanisms,	such	as	improved	cardiac	remodeling.	
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ng

7.
N
on-diabetic	rats

2d	prior	to	reperfusion,	
continuously

250	m
g/kg	

O
ral	

LAD	ligation,	perm
anent

Reduced	infarct	size	by	22%
	(29.6	±	3.2%

	vs.	
38.0	±	2.2%

;	P<0.05)

8.
N
on-diabetic	m

ice
During	reperfusion

125	µg/kg
Intracardiac	
injection

LCA	ligation	60m
in;	

Reperfusion	4w
Reduced	Inf/AAR	by	29%

	(48.92	±	2.51%
	vs.	

68.63	±	2.34%
,	P<0.001)

9.
Rat	Langendorff

Perfusion	during	
reperfusion	for	15m

in
50 µM

Perfusion	
LAD	ligation	35m

in,	
Reperfusion	120m

in
Reduced	Inf/AAR	by	55%

	(19	±	4%
	vs.	42	±	2%

,	
P<0.01)

Rat	in	vivo
5m

in	prior	to	reperfusion
5	m

g/kg
Intravenous	
infusion

LAD	ligation	30m
in;

Reperfusion	120m
in

Reduced	infarct	size	by	45%
	(34	±	6%

	vs.	62	±	
5%

;	P<0.01)

10.
Rat	Langendorff

24h	prior	to	ischaem
ia

250	m
g/kg

O
ral	gavage

LCA	ligation	45m
in;

Reperfusion	120m
in

Reduced	Inf/AAR	by	46%
	(I/R:	19.9	±	3.9%

	vs.	
36.7	±	3.6%

,	P<0.01),

11.
N
on-diabetic	m

ice
18h	prior	to	ischaem

ia
125	µg/kg

Intraperitoneal	
injection

LCA	ligation	30m
in;

Reperfusion	24h
Reduced	Inf/AAR	by	62%

	(19.35	±	1.92%
	vs.	

50.64	±	0.86%
,	P<0.001)

During	reperfusion
125	µg/kg

Intracardiac	
injection

LCA	ligation	30m
in;

Reperfusion	24h
Reduced	Inf/AAR	by	49%

	(25.9	±	2.73%
	vs.	

50.64	±	0.86%
,	P<0.001).

All
125	µg/kg

Both	routes
LCA	ligation	30m

in;
Reperfusion	24h

Decreased	troponin-T	rise	by	56%
	(5.99	±	

0.49ng/m
l	vs.	13.63	±	3.12ng/m

l,	P=0.026).

12.
Diabetic	rats

4w
	prior	to	ligation

300	m
g/kg

O
ral

LAD	ligation	35m
in,	

Reperfusion	60m
in

Reduced	Inf/AAR	by	65.4%
	(16.6	±	2.0%

	vs.	47.8	
±	2.0%

,	P<0.0005)

N
on-diabetic	rats

4w
	prior	to	ligation

300	m
g/kg

O
ral	

LAD	ligation	35m
in,	

Reperfusion	60m
in

Reduced	Inf/AAR	by	65.4%
	(40.8	±	4.5%

	vs.	58.9	
±	3.5%

,	P<0.05)

Effects	of	m
etform

in	on	m
yocardial	infarct	size	and	prognosis	in	hum

an	(A)	and	experim
ental	setti

ng	(B).	Abbreviations:	STEM
I	denotes	ST-segm

ent	elevation	m
yocardial	

infarction;	RCT,	random
ized	controlled	trial;	M

I,	m
yocardial	infarction;	HR,	hazard	ratio;	O

R,	odds	ratio;	LCA,	left	coronary	artery;	Inf/AAR,	infarct	size	per	area	at	risk;	LAD,	
left	anterior	descending	artery.
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In	 a	 recent	 study	 chronic	metformin	 treatment	 in	 both	 diabetic	 and	 non-
diabetic	 rats	 augmented	 myocardial	 resistance	 to	 ischemia-reperfusion	
injury.14

	 Taken	 together,	metformin	associated	cardioprotective	effects	may	
at	least	partially	be	caused	by	reduction	in	MI	size.	Therefore	we	investigated	
whether	chronic	metformin	in	patients	presenting	with	ST-segment	elevation	
myocardial	infarction	(STEMI)	is	associated	with	reduction	of	MI	size	compared	
to	non-metformin	using	diabetics	and	to	non-diabetics.

METHODS

Population
We	 performed	 a	 retrospective	 cohort	 study	 of	 all	 consecutive	 patients	
presenting	with	STEMI	(n=3,288)	to	the	University	Medical	Center	Groningen	
between	January	2004	and	December	2010	undergoing	primary	percutaneous	
coronary	 intervention.	 Records	 of	 patients	 presenting	 with	 symptoms	
suggesting	acute	myocardial	ischemia	of	more	than	30	min,	time	from	onset	
of	symptoms	of	less	than	12	hours	and	ST-segment	elevation	of	more	than	
0.1	mV	 in	 two	or	more	 leads	on	 the	electrocardiogram	were	 collected	 for	
the	registry.	Medical	history	and	information	recorded	during	hospitalization,	
including	 electrocardiographic,	 angiographic,	 clinical,	 and	 laboratory	 data,	
were	obtained	from	chart	review.	Patients	on	antihyperglycemic	treatment	
at	 hospital	 admission,	 patients	 with	 a	 previous	 diagnosis	 of	 diabetes	
mellitus,	and	patients	with	a	level	of	glycosylated	hemoglobin	(HbA1c)	of	≥	
6.5%	 (determined	at	hospital	admission)	were	considered	 to	be	diabetic.16 

The	study	was	approved	by	the	Medical	Ethics	Committee	of	the	University	
Medical	Center	Groningen.

Angiographic and Laboratory Analyses
The	 ischemic	 time	 was	 defined	 as	 the	 time	 between	 onset	 of	 symptoms	
and	the	first	percutaneous	coronary	intervention	(PCI),	i.e.	either	thrombus	
aspiration	(n=1,943),	balloon	inflation	(n=1,023),	or	direct	stenting	(n=322).	
The	culprit	segment	of	the	MI	was	classified	using	the	classification	adapted	
from	the	1975	American	Heart	Association	Committee	Report	by	Austen	and	
colleagues.17	Patients	were	divided	into	anterior	vs.	non-anterior	MI.	A	culprit	
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lesion	in	segment	1,	2,	5,	6,	and	11	was	considered	a	proximal	coronary	lesion,	
whereas	a	culprit	lesion	in	segment	3,	4,	7,	8,	9,	10,	12,	13,	14,	15,	and	16	was	
considered	 a	 distal	 coronary	 lesion.	 Thrombolysis	 in	Myocardial	 Infarction	
(TIMI)	flow	grade	was	scored	before	PCI,	and	TIMI	flow	grade	and	myocardial	
blush	grade	(MBG)	were	scored	after	PCI.18,19	TIMI	flow	grade	was	classified	as	
0:	no	antegrade	flow,	1:	minimal	antegrade	flow	into	the	obstructed	segment,	
2:	slow	antegrade	flow	into	the	distal	bed,	and	3:	normal	antegrade	flow	into	
the	distal	bed	[18].	MBG	was	assessed	for	the	infarct	related	artery	and	was	
defined	as	previously	described	by	van	’t	Hof	and	colleagues:	0,	no	myocardial	
blush;	 1,	minimal	myocardial	 blush;	 2,	moderate	myocardial	 blush;	 and	 3,	
normal	myocardial	 blush	or	 contrast	 density.19	 Persistent	myocardial	 blush	
suggesting	 leakage	of	 contrast	medium	 into	extravascular	 space	was	given	
grade	 0.	 The	 coronary	 angiograms	were	 analyzed	 independently	 after	 the	
procedure.
	 Serum	 creatine	 kinase	 (CK),	 myocardial	 band	 of	 CK	 (CK-MB),	 and	
troponin-T	measurements	were	collected	in	all	patients	during	their	stay	in	
our	hospital.	The	first	laboratory	analysis	was	performed	at	the	emergency	
department	 or	 the	 coronary	 care	 unit	 before	 coronary	 intervention	 or	
before	the	primary	PCI	from	the	arterial	access	site.	Following	the	PCI,	blood	
samples	were	 taken	at	 the	 coronary	 care	unit	 according	 to	a	 standardized	
protocol	 at	 3,	 6,	 12,	 24,	 36,	 and	 48	 h	 after	 primary	 PCI.	Marker	 levels	 of	
CK	and	CK-MB	were	determined	as	a	UV	assay	and	 immunologic	UV	assay	
(Mega,	Merck,	Darmstadt,	Germany)	from	January	2004	till	March	2006	and	
thereafter	as	a	UV	assay	and	an	immunologic	UV	assay	(Modular	P,	Roche,	
Mannheim,	Germany).	Troponin-T	was	determined	during	the	study	period	
as	an	 immunoassay	 (Modular	E,	Roche,	Mannheim,	Germany).	Differences	
observed	in	cardiac	markers	in	the	study	had	no	association	with	differences	
in	 the	analytic	system	used.	The	peak	 levels	of	CK,	CK-MB,	and	troponin-T	
were	recorded	as	an	estimation	of	MI	size,	which	have	been	shown	to	have	
a	strong	correlation	to	scar	tissue	in	human	setting.20	Further,	the	admission	
levels	 of	 serum	 creatinine,	 plasma	 glucose,	 and	 glycosylated	 hemoglobin	
were	also	recorded.
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Statistical Analysis
Baseline	clinical	and	angiographic	data	were	collected	retrospectively.	Data	
are	 presented	 as	 mean	 ±	 standard	 deviation	 when	 normally	 distributed,	
as	median	 and	 interquartile	 range	when	 non-normally	 distributed,	 and	 as	
frequencies	and	percentages	for	categorical	variables.	Differences	between	
baseline	 variables	 were	 evaluated	 by	 Student’s	 t	 test,	 Kruskal-Wallis	 test,	
Mann–Whitney	 U,	 Wilcoxon,	 chi-square,	 or	 Fisher	 exact	 tests,	 when	
appropriate.	 Correlations	 were	 assessed	 using	 Pearson’s	 or	 Spearman’s	
rank	 correlation	 coefficients,	 when	 appropriate.	 Hazard	 ratios	 (HRs)	 for	
MI	 size	were	calculated	with	 logistic	and	Cox	proportional	univariable	and	
multivariable	 hazard	 regression	 analyses,	 respectively.	 Logistic	 regression	
analysis	 was	 used	 to	 adjust	 the	 correlations	 for	 potential	 confounders.	 In	
multi	 linear	 regression	 we	 used	 four	 known	 potential	 variables	 unrelated	
to	metformin	use	that	could	be	confounding	variables	for	the	effect	of	the	
antihyperglycemic	 treatment	 on	MI	 size:	 age,	 gender,	 TIMI	 flow	 post	 PCI,	
and	 total	 ischemic	 time.	 To	 investigate	 whether	 outcome	 was	 influenced	
by	changes	 in	guidelines	and	protocols	over	time	we	analyzed	the	primary	
outcome	of	MI	 size	over	time	 (years).	 P	 values	≤	0.05	were	 considered	 to	
indicate	statistical	significance.	Statistical	analyses	were	performed	using	R	
version	2.15.1.

Role of the Funding Source
The	 funding	 source	 had	 no	 role	 in	 the	 study	 design,	 data	 collection,	 data	
analysis,	 data	 interpretation,	 or	 writing	 of	 the	 report.	 The	 corresponding	
author	had	full	access	to	all	the	data	in	the	study	and	had	final	responsibility	
for	the	decision	to	submit	the	publication.

RESULTS

Patients with Diabetes vs. Patients Without Diabetes
A	total	of	677	 (20.6%)	of	3,288	STEMI	patients	had	diabetes.	The	baseline	
characteristics	are	displayed	 in	Table 2.	 Patients	with	diabetes	more	often	
were	female,	were	older,	and	had	higher	heart	rates	on	admission	compared	
to	 non-diabetics.	 Diabetics	 more	 often	 had	 a	 history	 of	 hypertension,	
hypercholesterolemia,	 more	 often	 had	 had	 a	 prior	 MI,	 had	 more	 often	
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Table 2.	Baseline	Characteristics.
No	DM 
n	=	2611

DM 
n	=	677

 
P-value

DM + 
Metformin	 
n	=	185

DM	-	
Metformin	 
n	=	475

 
P-value

Demographics
Female	(%) 27 37 <	0.001 36 37 0.704
Age	(years) 63	±	13 67	±	12 <	0.001 66	±	12 67	±	13 0.696
BMI	(kg/m2) 27	±	4 28	±	5 <	0.001 29	±	5 28	±	4 0.003
Blood	pressure	(mmHg)

Systolic 127	±	27 128	±	28 0.389 128	±	25 129	±	29 0.727
Diastolic 74	±	15 73	±	16 0.145 73	±	13 73	±	17 0.987

Heart	rate	(bpm) 77	±	19 80	±	21 0.003 84	±	19 79	±	22 0.01
Antihyperglycaemic	medication
Metformin	(%) 0 28 <	0.001 100 0 <	0.001
Sulfonylurea	derivates	(%) 0 19 <	0.001 43 9 <	0.001
Insulin	(%) 0 18 <	0.001 16 19 0.449
Other	(%) 0 1 <	0.001 3 0 <	0.001
Diet	(%) 0 51 <	0.001 0 70 <	0.001
Risk	factors	and	comorbidities
Current	smoking	(%) 50 48 0.309 40 50 0.034
Positive	family	history(%) 46 44 0.381 45 44 0.965
Hypertension	(%) 36 52 <	0.001 61 49 0.009
Dyslipidemia	(%) 26 40 <	0.001 53 35 <	0.001
Myocardial	infarction	(%) 9 12 0.013 15 11 0.162
PCI	(%) 7 11 <	0.001 13 10 0.311
CABG	(%) 3 3 0.513 4 3 0.362
Renal	dysfunction	(%) 5 9 <	0.001 9 8 0.916
Peripheral	artery	disease	(%) 2 3 0.004 3 3 0.947
Stroke	(%) 4 8 <	0.001 10 8 0.404
Procedural	and	angiographic	characteristics
Ischaemic	time	(min) 182 215 <0.001 252 200 0.020
LAD	culprit	laesion	(%) 42 44 0.513 49 42 0.132
Proximal	laesion	(%) 58 61 0.172 58 63 0.289
TIMI	flow	pre	PCI	(%) 0.284 0.008

0 52 51 40 55
1 11 12 15 11
2 20 17 20 17
3 18 20 26 17

TIMI	flow	post	PCI	(%) 0.621 0.189
0 4 5 2 6
1 8 10 9 11
2 26 24 20 26
3 61 61 69 57

Myocardial	blush	grade	(%) 0.02 0.13
0 7 8 12 6
1 21 25 27 24
2 39 39 36 40
3 33 28 25 29

Basal	 study	 subject	 characteristics	 displayed	 for	 patients	without	 diabetes	 (No	DM)	 versus	with	
diabetes	 (DM),	 and	 for	 patients	with	 diabetes	 on	metformin	 (DM	+	metformin)	 versus	 patients	
with	diabetes	not	on	metformin	(DM	-	metformin).	Abbreviatons:	BMI	denotes	body-mass	index;	
PCI,	percutaneous	coronary	intervention;	CABG,	coronary	artery	bypass	grafting;	LAD,	left	anterior	
descending;	TIMI,	thrombolysis	in	myocardial	infarction.



31

Metformin associated with reduced myocardial infarct size

undergone	a	PCI,	more	often	had	a	history	of	renal	dysfunction,	peripheral	
artery	disease,	and	stroke	compared	to	non-diabetics.
	 The	median	ischemic	time	in	patients	with	diabetes	was	longer	than	in	
patients	without	diabetes.	We	observed	no	differences	between	both	groups	
regarding	culprit	lesion	–anterior	vs.	non-anterior	or	proximal	vs.	distal	culprit	
lesion–	and	TIMI	flow	pre	PCI	or	post	PCI.	There	were	no	differences	between	
both	groups	regarding	the	first	coronary	intervention,	number	of	stents	and	
total	length	of	stents.	Patients	without	diabetes	had	better	MBG	compared	
to	 patients	 with	 diabetes.	 The	 levels	 of	 the	 first	 recorded	 troponin-T	 and	
CK-MB	were	significantly	higher	in	patients	with	diabetes	compared	to	non-
diabetics,	while	 there	were	no	differences	 in	peak	 levels	of	CK,	CK-MB,	or	
troponin-T	between	both	groups.

Patients with Diabetes on Metformin Versus Patients with Diabetes Treated 
Otherwise
Data	 regarding	 the	 antihyperglycemic	 treatment	 during	 presentation	
with	STEMI	was	available	for	660	of	a	total	of	677	(97%)	diabetic	patients.	
Metformin	was	used	by	185	patients	with	diabetes	(28%).	In	this	group	43%	
of	patients	also	used	a	sulfonylureum	derivate,	16%	also	used	 insulin,	and	
3%	used	other	antihyperglycemic	agents.	Of	the	diabetic	patients	on	other	
antihyperglycemic	strategies	than	metformin,	19%	of	patients	used	insulin,	
9%	were	 on	 sulfonylureum	derivates,	 and	 70%	of	 patients	 did	 not	 use	 an	
antihyperglycemic	agent	(Table 2).

Figure 1. Effect of Metformin in Patients with Diabetes on markers of Myocardial Infarct 
Size.	Box-and-whisker	plot	representing	the	p5,	p25,	p50,	p75	and	p95	of	peak	levels	of	CK	
(a),	CK-MB	(b),	and	troponin-T	(c)	for	diabetic	patients	with	(DM	+	Metformin)	and	without	
metformin	(DM	-	Metformin).	Abbreviations:	CK	denotes	creatin	kinase;	CK-MB,	myocardial	
band	of	creatin	kinase.
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	 Diabetics	on	metformin	had	a	higher	BMI,	less	often	were	smokers,	
and	more	often	had	hypertension.	Patients	on	metformin	had	higher	levels	
of	 admission	 glucose	 and	 higher	 levels	 of	 glycosylated	 hemoglobin	 than	
patients	treated	otherwise.	The	median	ischemic	time	was	longer	in	patients	
on	metformin	 than	 in	 those	 treated	otherwise.	 There	were	no	differences	
between	both	groups	in	the	percentage	of	patients	presenting	with	an	anterior	
MI	or	a	proximal	culprit	lesion.	In	patients	on	metformin	the	TIMI	flow	pre	
PCI	was	 less	often	0	compared	to	those	treated	otherwise.	There	were	no	
differences	between	both	groups	regarding	the	first	coronary	 intervention,	
number	of	 stents,	and	 total	 length	of	 stents.	There	were	no	differences	 in	
TIMI	flow	post	PCI	or	in	MBG.
	 The	 first	 recorded	 levels	 of	 CK,	 CK-MB,	 and	 troponin-T	 were	
comparable	between	groups	(Table 3).	In	the	diabetic	patients	treated	with	
metformin	 peak	 levels	 of	 CK,	 CK-MB,	 and	 troponin-T	were	 all	 significantly	
lower	compared	to	the	patients	with	diabetes	treated	otherwise	(Table 3	and	
Figure 1).
	 The	use	of	metformin	was	univariately	associated	with	 lower	peak	
values	of	either	CK-MB	or	troponin-T.	When	corrected	for	age,	sex,	ischemic	
time,	TIMI	flow	post	PCI,	and	history	of	MI,	the	use	of	metformin	remained	
significantly	associated	with	lower	peak	values	of	both	markers	of	MI	size	in	
multivariate	analysis	(Table 4).
	 The	observation	 that	metformin	 is	 associated	with	 smaller	MI	 size	
remained	significant	even	when	metformin	as	monotherapy	was	compared	
to	 each	 group	 of	 treatment,	 i.e.	 either	 diet,	 sulphonylurea,	 insulin,	 and	
other	antihyperglycemic	treatment	(data	not	shown).	We	considered	these	
subgroups	in	our	cohort	too	small	for	extensive	analyses	and	conclusions.

Patients on Metformin vs. Patients Without Diabetes
Large	 differences	 in	 baseline	 characteristics	 between	 patients	 with	
diabetes	using	metformin	and	non-diabetics	were	observed,	with	a	higher	
cardiovascular	risk	profile	in	diabetics	on	metformin.	Despite	these	differences	
patients	with	diabetes	using	metformin	had	significantly	lower	peak	levels	of	
CK-MB	(152	U/l	vs.	169	U/l,	p=0.015)	and	troponin-T	(2.5	ng/l	vs.	3.3	ng/l,	
p=0.021),	and	non-significant	lower	peak	levels	of	CK	(1,101	U/l	vs.	1,314	U/l,	
p=0.103)	compared	to	patients	without	diabetes	(Table 3).
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DISCUSSION

In	a	large	cohort	of	consecutive	patients	presenting	with	STEMI	we	observed	
that	chronic	metformin	use	is	associated	with	smaller	MI	size.	The	effect	was	
independent	of	known	risk	factors	for	MI	size.	This	effect	of	metformin	on	MI	
size	has	not	been	studied	in	clinical	setting	before	and	therefore	should	be	
confirmed	by	others.	What	has	been	shown	is	that	metformin	treatment	has	
a	favorable	long-term	outcome	after	MI.5-8

	 Our	 observations	 confirm	 the	 advantageous	 effects	 on	 MI	 size	
observed	in	experimental	studies	(Table 1).9–13	We	found	lower	peak	values	
of	CK,	CK-MB,	and	troponin-T	where	preclinical	studies	observed	effects	of	
metformin	on	histopathological	changes	like	decreased	scar	tissue	or	reduced	
troponin-T	levels.
	 The	 group	 of	 patients	 with	 diabetes	 treated	 otherwise	 includes	
patients	who	were	treated	for	diabetes	with	insulin,	sulfonylurea	derivates,	
or	 diet,	 and	 also	 includes	 patients	who	were	 classified	 as	 having	 diabetes	
based	 on	 elevated	 HbA1c	 levels.	 Patients	 classified	 as	 diabetic	 based	 on	
HbA1c,	 and	 patients	 on	 a	 diet	 are	 likely	 to	 have	 had	 shorter	 duration	 of	
diabetes.	Patients	on	insulin	are	likely	to	have	a	longer	duration	of	diabetes.	
The	 duration	 of	 diabetes	may	 influence	 outcome	 in	 general	 and	 also	 the	
response	to	ischemia-reperfusion	injury.21	Therefore,	we	performed	subgroup	
analyses	where	metformin	as	monotherapy	was	compared	to	each	separate	
groups	according	to	treatment	and	we	observed	that	metformin	remained	
associated	with	smaller	MI	size.
	 Patients	on	chronic	metformin	had	higher	admission	glucose	levels	
and	higher	glycosylated	hemoglobin	 levels	compared	to	diabetics	on	other	
antihyperglycemic	 strategies.	 Timmer	 and	 colleagues	 demonstrated	 that	
higher	 admission	 glucose	 is	 strongly	 associated	 with	 larger	 MI	 size	 and	
results	 in	 left	ventricular	dysfunction.22,23	In	a	 study	using	cardiac	magnetic	
resonance	imaging,	Mather	and	colleagues	also	demonstrated	that	admission	
glucose	 levels	were	associated	with	myocardial	 infarct	 size	measured	with	
late	 gadolinium	 contrast-enhanced	 imaging.24	 Ultimately,	 higher	 admission	
glucose	 is	 consequently	 associated	with	 impaired	outcome	after	MI,	 likely	
due	to	increased	MI	size.22,23	 In	our	study,	the	metformin	group	had	higher	
mean	admission	glucose	than	the	patients	with	diabetes	treated	otherwise.	
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Thus,	 it	might	have	been	expected	 that	 the	metformin	group	 should	have	
larger	 MI	 size,	 possibly	 even	 underestimating	 the	 observed	 effect	 size	 of	
metformin.	Moreover,	the	observed	effects	seem	to	go	beyond	the	effect	of	
metformin	on	glucose	regulation.
	 In	our	study,	patients	with	diabetes	had	significantly	longer	ischemic	
time,	which	logically	explains	that	we	recorded	higher	CK-MB	and	troponin-T	
levels	at	admission.	Remarkably,	the	longer	ischemic	time	and	also	the	worse	
MBG	 in	 diabetics	 did	 not	 result	 in	 higher	 peak	 values	 of	 CK,	 CK-MB,	 and	
troponin-T	compared	to	non-diabetics.	This	effect	resulted	entirely	from	the	
difference	in	the	metformin	group.
	 Experimental	studies	suggested	that	the	effects	of	metformin	on	MI	
size	reduction	may	be	independent	of	glycometabolic	state.9,10	In	our	study,	
when	comparing	patients	with	diabetes	on	metformin	treatment	to	patients	
without	 diabetes,	 we	 found	 lower	 peak	 values	 of	 CK-MB	 and	 troponin-T	
in	 the	metformin	 group.	Moreover,	 in	 all	 other	 patients	 than	 the	 patients	
on	metformin,	 the	peak	 levels	were	comparable.	Thus,	 the	MI	sizes	 in	 the	
non-metformin	population	 irrespective	of	diabetic	 state	were	 comparable.	
Therefore,	 it	 can	 be	 hypothesized	 that	 the	 MI	 size	 reducing	 effects	 of	
metformin	is	independent	of	glucose	metabolism.
	 Several	mechanisms	may	 be	 involved	 in	metformin	 associated	MI	
size	 reduction,	 but	 the	 exact	 mechanisms	 remain	 elusive.25 Metformin	 is	
associated	with	enhanced	phosphorylation	of	AMP	activated	kinase	(AMPK).9–

13,	26–28	AMPK	phosphorylation	 is	 associated	with	 several	 targets	 associated	
with	reduction	of	I/R	injury,	and	leads	to	activation	of	the	Reperfusion	Injury	
Salvage	Kinase	(RISK)	pathway	 including	phospatidylinositol-3-kinase	(PI3K)	
and	Akt	pathways,	up	regulation	of	the	tumor	suppressor	gene	p53,	inhibition	
of	mammalian	target	of	rapamycin	(mTOR),	and	up	regulation	of	endothelial	
nitric	oxide	synthase	(eNOS).12,13,26–28	Another	target	of	metformin	may	be	the	
increase	of	glucose	utilization	of	the	heart,	by	facilitating	glucose	metabolism	
via	increase	of	glucose	transporters	(GLUT-1	and	GLUT-4).9	Further,	metformin	
activates	 the	 adenosine	 receptor	 via	 increased	 intracellular	 formation	 of	
adenosine,	possibly	reducing	MI	size.11	Also,	metformin	is	associated	with	a	
decrease	in	dipeptidyl	peptidase-4	activity	and	an	increase	in	circulating	levels	
of	glucagon-like	peptide	1,	which	are	associated	with	a	reduction	of	MI	size	
in	both	experimental	 and	 clinical	 setting.29–31	 Collectively,	 these	metformin	
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induced	 changes	 in	 myocardial	 gene	 and	 energy	 program,	 especially	 the	
activation	of	AMPK,	are	associated	with	decreased	MI	size.25,28

	 Interestingly,	 in	 non-ischemic	 canine	 models	 of	 heart	 failure,	
metformin	 improved	 left	 ventricular	 function	 as	 well.15	 Recently,	 it	 was	
suggested	 that	 metformin	 may	 improve	 left	 ventricular	 function	 in	 heart	
failure	patients	with	reduced	ejection	fraction,	suggesting	that	the	observed	
post	 MI	 improvement	 of	 left	 ventricular	 function	 may	 be	 caused	 by	
mechanisms	 other	 than	MI	 size	 reduction.32	 Combined	with	 our	 analyses,	
several	 concurrent	 mechanisms	 may	 play	 a	 role	 in	 preserving	 ejection	
fraction,	 both	 in	 ischemic	 and	 non-ischemic	 etiologies.	 Further,	 several	
animal	experiments	have	shown	that	the	timing	of	metformin	administration	
in	 ischemia-reperfusion	 models	 is	 associated	 with	 MI	 size.	 Metformin	
started	24	to	48	prior	to	ligation	resulted	in	even	smaller	MI	size	(albeit	non-
significant)	compared	to	metformin	started	after	reperfusion.13	This	suggests	
that	chronic	metformin	treatment	leads	to	additional	cardioprotective	effects	
leading	 to	 improved	 reperfusion	or	 improved	 resilience	 to	 ischemia.	 Since	
metformin	is	associated	with	inhibition	of	plasminogen	activator	inhibitor	1	
(PAI-1)	and	thrombocyte	mitochondrial	complex	1,	metformin	therapy	might	
reduce	 thrombocyte	 aggregation.33–36	 In	 a	 smaller	 group	 of	 patients	 Zhao	
and	colleagues	demonstrated	that	chronic	metformin	treatment	reduces	the	
no-reflow	phenomenon.8	Therefore,	it	can	be	speculated	that	the	observed	
effect	of	metformin	on	MI	size	may	therefore	be	partly	mediated	by	the	effect	
on	coronary	flow.	Since	TIMI	flow	post	PCI	is	a	better	predictor	of	MI	size	than	
TIMI	flow	pre	PCI,	we	added	TIMI	flow	post	PCI	to	the	multivariate	model.	
The	effect	of	metformin	on	MI	size	remained	significant	in	the	multivariate	
analysis.
	 For	 future	 perspectives,	 prospective	 trials	 should	 investigate	 the	
effects	of	metformin	 treatment	on	MI	 size	 reduction.	The	current	ongoing	
Glycometabolic	 Intervention	 in	 Patients	 with	 ST	 elevation	 myocardial	
infarction	 Study	 (GIPS-III)	 studies	 the	 effect	 of	 metformin	 treatment	 on	
left	 ventricular	 function	 in	 non-diabetic	 patients	 presenting	 with	 STEMI	
undergoing	primary	PCI.28	The	left	ventricular	function	will	be	measured	after	
4	months	by	magnetic	resonance	imaging,	as	well	as	the	MI	size	using	late	
gadolinium	enhancement.	A	possible	pitfall	may	be	the	timing	of	metformin	
administration.	Hence,	in	a	prospective	design	metformin	can	only	be	started	
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after	diagnosis	of	STEMI	and	primary	PCI,	possibly	reducing	its	effect	size.	The	
GIPS-III	trial	is	registered	at	www.clinicaltrials.gov,	number	NCT01217307.
	 Before	conclusions	can	be	drawn	from	this	analysis	of	a	large	cohort	
of	 patients,	 several	 reservations	 have	 to	 be	 addressed.	 First,	 this	 analysis	
was	 performed	 using	 retrospectively	 collected	 data.	 Therefore	 data	 was	
not	 available	 for	 all	 patients,	 e.g.	 data	 on	 use	 of	 antihyperglycemic	 drugs	
was	available	 for	97%	of	patients	with	diabetes.	 Second,	due	 to	nature	of	
the	retrospective	design	the	observed	effects	of	metformin	may	be	biased;	
physicians	are	likely	to	prescribe	metformin	to	patients	with	a	higher	body	
mass	index.	On	the	other	hand,	the	characteristics	of	diabetics	treated	with	
and	without	metformin	were	equal	for	most	variables	in	our	cohort.	Third,	
we	used	peak	 levels	of	CK,	CK-MB,	and	 troponin-T	as	an	estimation	of	MI	
size.	The	use	of	peak	levels	of	CK,	CK-MB,	and	troponin-T	as	enzymatic	infarct	
size	 correlates	well	 to	 scar	tissue	 in	human	 setting	using	 cardiac	magnetic	
resonance	imaging	with	late	gadolinium	enhancement.20 Ideally	we	would	use	
area	under	curve	of	these	markers,	however	due	to	our	function	as	a	tertiary	
hospital	for	the	region	and	thus	fast	transfers	of	patients	there	was	a	wide	
variety	 in	 the	duration	of	admission	 in	our	hospital.	 In	daily	 care,	patients	
were	only	transferred	from	the	Coronary	Care	Unit	to	referring	hospitals	after	
peak	levels	were	reached,	even	within	24	h	after	admission.	Therefore,	peak	
levels	were	available	for	all	patients	which	we	decided	to	use	as	estimate	of	
MI	size.

CONCLUSION

Our	analysis	demonstrates	 that	chronic	metformin	 treatment	 is	associated	
with	reduced	MI	size	compared	to	non-metformin	based	strategies	in	diabetic	
patients	presenting	with	STEMI.	Our	findings	suggest	that	metformin	might	
have	additional	beneficial	 effects	beyond	glucose	 lowering	efficacy.	 Future	
prospective	 studies	 are	 needed	 to	 elucidate	 the	 effect	 of	 metformin	 on	
cardioprotection	and	myocardial	function.
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This	 editorial	 refers	 to	 ‘The	 effect	 of	metformin	 on	 insulin	 resistance	 and	
exercise	 parameters	 in	 patients	 with	 heart	 failure’,	 by	 A.K.F.	 Wong	 and	
colleagues,	published	in	the	November	2012	issue	of	the	European	Journal	
of	Heart	Failure,	on	pages	1303–1310.
	 Cardiac	output	is	often	decreased	in	heart	failure	patients,	resulting	
in	suboptimal	tissue	perfusion,	especially	of	peripheral	muscles.	In	addition,	
heart	 failure	 is	 associated	 with	 increased	 adrenergic	 activation,	 resulting	
in	 vasoconstriction	 of	 the	 muscle	 capillaries,	 which,	 in	 combination	 with	
decreased	tissue	perfusion,	results	in	reduced	nutritive	flow	capacity.	These	
effects	lead	to	insulin	resistance	and	impaired	glucose	tolerance.	Vice	versa,	
insulin	resistance	can	lead	to	impaired	myocardial	function,	possibly	through	
impaired	calcium	homeostasis,	increased	oxidative	stress,	altered	substrate	
metabolism,	 and	 mitochondrial	 dysfunction.1	 Hence	 there	 is	 a	 interlink	
between	heart	failure	and	(pre-)	diabetes.	In	this	issue	of	the	European	Journal	
of	 Heart	 Failure,	 Wong	 and	 colleagues	 demonstrate	 that	 a	 vast	 majority	
(84%)	of	non-diabetic	stable	heart	failure	patients	are	insulin	resistant.2	This	
illustrates	 that	many	heart	 failure	patients	should	be	considered	as	having	
pre-diabetes,	 unless	 proven	 otherwise.	 Thus,	 the	 optimal	management	 of	
heart	failure	should	also	include	diagnosing	and	treating	(pre-)diabetes.
	 One	 of	 the	 treatment	 options	 for	 (pre-)diabetes	 is	 the	 biguanide	
metformin.	 In	 diabetic	 patients,	 metformin	 has	 been	 associated	 with	
improved	 outcome.3	 In	 patients	 with	 pre-diabetes,	 the	 use	 of	 metformin	
prevented	progression	to	new-onset	diabetes.4	In	heart	failure	patients,	the	
use	of	metformin	was	until	recently	contraindicated;	however,	heart	failure	
patients	on	metformin	have	better	outcome	than	those	treated	otherwise.5,6	

Wong	and	colleagues	randomized	62	heart	failure	patients	with	pre-diabetes	
(insulin	resistance)	to	receive	metformin	(2	gram	per	day)	or	placebo	for	a	
period	of	4	months	to	investigate	the	effect	on	exercise	capacity.	Metformin	
treatment	significantly	lowered	glycated	hemoglobin	by	0.2%	(P=0.002)	and	
the	fasting	insulin	resistance	index	by	1.49	(P=0.001),	compared	with	placebo.	
Moreover,	metformin	was	well	tolerated	and	no	serious	adverse	effects	were	
observed.
	 The	 primary	 end	 point,	 the	 improvement	 of	 exercise	 capacity,	 as	
measured	by	VO2max,	 showed	no	 significant	 effect.	Metformin	 treatment	
resulted	in	a	slight	decrease	in	exercise	capacity	(–0.38	ml/kg/min),	whereas	
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the	placebo	 group	 showed	an	 increase	 (3.60	ml/kg/min)	 (P=0.08).	 Several	
reasons	might	explain	the	lack	of	metformin	effect.	First,	it	is	hard	to	obtain	
a	 significant	 effect	 on	 an	 outcome	 measure	 that	 is	 dependent	 on	 many	
variables,	i.e.	other	than	reduced	insulin	resistance.	Secondly,	the	treatment	
period	might	be	too	short	to	induce	changes	that	can	be	measured	through	
exercise	 capacity.	 Thirdly,	 the	 effect	 might	 be	 smaller	 than	 expected	
beforehand	and	should	be	investigated	in	a	larger	group	of	patients.	Finally,	
the	mechanism	of	effect	of	metformin	is	diverse,	even	on	exercise	capacity.	
Metformin	 is	 known	 as	 an	 AMP-activated	 protein	 kinase	 (AMPK)	 agonist,	
which	can	act	as	an	exercise	mimetic,	i.e.	increasing	exercise	capacity	without	
exercise.7	This	effect	is	probably	due	to	stimulation	of	myofibril	transcription	
and	mitochondrial	metabolism.	However,	metformin	is	not	only	a	selective	
AMPK	 agonist,	 but	 is	 also	 an	 inhibitor	 of	 complex	 1	 of	 the	mitochondrial	
respiratory	chain.8	 Inhibition	of	 this	 complex	has	been	shown	to	blunt	 the	
effects	of	training	in	pre-diabetic	patients	without	heart	failure.9	Due	to	these	
opposing	effects	on	exercise	capacity,	the	net	effect	of	metformin	on	training	
might	be	balanced.	Moreover,	if	any	improvement	in	exercise	capacity	would	
have	been	observed,	a	mechanism	completely	different	from	improvement	
of	insulin	resistance	may	be	responsible.	As	the	authors	discuss	themselves,	
to	test	their	hypothesis	the	choice	of	their	intervention	would	ideally	consist	
of	a	pure	insulin	sensitizer	instead	of	metformin.
	 Additional	 data	 presented	 by	Wong	 and	 colleagues	 underline	 the	
potential	 of	 metformin	 in	 heart	 failure	 and	 exercise	 capacity.	 They	 show	
that	the	left	ventricular	ejection	fraction	improved	in	patients	treated	with	
metformin	and	decreased	in	the	control	group	(from	34.0%	to	34.4%	vs.	from	
30.0%	to	28.9%,	P=0.356).	Furthermore,	the	intervention	group	demonstrated	
a	 decrease	 in	 brain	 natriuretic	 peptide	 (BNP)	 levels,	 whereas	 an	 increase	
occurred	in	the	control	group	(–20	pg/ml	vs.	+	17	pg/ml,	P=0.184).	Although	
both	observations	are	statistically	non-significant,	they	suggest	that	metformin	
may	decrease	cardiac	overload	and	improve	systolic	function.	It	is	likely	that	
patients	with	an	improved	left	ventricular	function	eventually	perform	better	
during	 exercise.	 Recently,	 metformin	 was	 shown	 to	 prevent	 development	
of	 chronic	 heart	 failure	 in	 a	 hypertensive,	 insulin-resistant	 rat	 model.10 

In	 this	 study,	 metformin	 attenuated	 left	 ventricular	 remodeling,	 possibly	
mediated	by	reduced	insulin	resistance.	Moreover,	metformin	administration	
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decreased	 free	 fatty	 acid	 levels,	 reduced	 myocardial	 lipid	 accumulation,	
diminished	 perivascular	 fibrosis,	 and	 increased	 AMPK	 activation	 and	
endothelial	nitric	oxide	synthase	expression.	These	cardioprotective	effects	
resulted	 in	 improved	global	systolic	and	diastolic	 function.	 In	experimental	
models	of	ischemia/reperfusion-induced	heart	failure,	metformin	has	been	
demonstrated	 to	 confer	 cardioprotection	 through	 improvement	 of	 left	
ventricular	ejection	fraction	and	reduction	of	myocardial	fibrosis.11,12 In the 
ongoing	 Glycometabolic	 Intervention	 as	 adjunct	 to	 Primary	 percutaneous	
intervention	 in	ST	elevation	myocardial	 infarction	 (GIPS-III)	 trial,	our	group	
will	evaluate	the	efficacy	of	metformin	treatment	to	preserve	left	ventricular	
ejection	 fraction	 in	 ST	 elevation	 myocardial	 infarction	 patients	 without	
diabetes	(NCT01217307;	www.clinicaltrials.gov).13

	 It	is	thus	tempting	to	speculate	that	metformin	may	(partly)	reduce	
insulin	resistance	by	improving	left	ventricular	function.	In	an	earlier	issue	of	
this	journal,	Uriel	and	colleagues	found,	in	a	relatively	small	study	of	diabetic	
patients	with	severe	heart	failure	receiving	a	left	ventricular	assist	device,	that	
improvement	in	cardiac	output	resulted	in	an	improved	glucose	regulation.14 

They	 observed	 a	 significant	 decrease	 in	 glycated	 hemoglobin	 and	 fasting	
glucose	levels.	Doses	of	insulin	were	halved	and	in	six	patients	insulin	was	no	
longer	necessary.	A	comparable,	yet	 less	obvious,	effect	may	be	present	 in	
the	current	trial.	As	illustrated	by	improved	left	ventricular	ejection	fraction	
and	BNP	 levels,	metformin	may	 have	 improved	 cardiac	 output	 to	 such	 an	
extent	that	it	may	have	increased	peripheral	blood	flow	and	resulted	in	the	
reduced	insulin	resistance.
	 A	 mechanism	 possibly	 responsible	 for	 cardiac	 output-induced	
improved	 glucose	 control	 may	 be	 supported	 by	 a	 decrease	 in	 adipokine	
levels.	Adipokines,	such	as	leptin,	adiponectin,	and	resistin	are	predominantly	
expressed	in	adipose	tissue.	The	production	of	adipokines	is	associated	with	
cardiac	function	and	prognosis	 in	patients	with	heart	failure.15	These	levels	
are	up-regulated	in	low	perfusion	state	such	as	heart	failure,	and	may	thus	
be	 related	 to	 peripheral	 blood	 flow.	 In	 the	 metformin	 group,	 Wong	 and	
colleagues	observed	a	decrease	in	adiponectin	levels	(from	8.4	mg/ml	to	7.96	
mg/ml	vs.	from	8.7	mg/ml	to	9.13	mg/ml,	P=0.168)	and	leptin	levels	(from	
16.6	ng/ml	to	11.04	ng/ml	vs.	from	10.9	ng/ml	to	11.48	ng/ml,	P=0.038),	and	
a	smaller	 increase	in	resistin	levels	(from	5.9	ng/ml	to	5.91	ng/ml	vs.	from	
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4.0	ng/ml	 to	4.04	ng/ml,	P=0.094),	which	may	reflect	 improved	peripheral	
blood	 flow.	However,	 there	might	 also	 be	 a	 direct	 effect	 of	metformin	 on	
adipokine	 levels,	 since	 their	 expression	 is	 also	modulated	 by	 activation	 of	
AMPK.16 Metformin	has	been	shown	to	inhibit	resistin	expression,	which	may	
directly	improve	insulin-stimulated	glucose	uptake	in	skeletal	muscle-derived	
cells,	decreasing	insulin	resistance.17

	 Taken	 together,	 the	 role	 of	 metformin	 in	 heart	 failure	 is	 far	 from	
elucidated.	The	authors	demonstrated	that	the	majority	of	non-diabetic	heart	
failure	patients	are	insulin	resistant;	therefore,	improving	insulin	resistance	
and	 glucose	 control	 with	 metformin	 in	 these	 patients	 may	 prove	 useful.	
In	 diabetic	 heart	 failure	 patients,	metformin	 also	 appears	 safe	 to	 use	 and	
beneficial.	However,	the	effects	of	training	in	a	heart	failure	population	may	
be	blunted	by	metformin,	thereby	restricting	exercise	capacity.	Interestingly,	
metformin	might	directly	improve	cardiac	function	and	attenuate	heart	failure	
severity.	Several	pathways	affected	by	metformin,	such	as	AMPK	activation	
and	adipokine	expression,	have	been	shown	to	be	involved	in	these	effects.	
Improvement	of	cardiac	function	in	heart	failure	may	also	improve	glucose	
control.	 So,	whether	metformin	 improves	 heart	 failure	 through	 decreased	
insulin	resistance	or	vice	versa	remains	a	classical	chicken	or	egg	dilemma.	
Nonetheless,	metformin	may	be	advantageous	for	all	heart	failure	patients,	
regardless	of	diabetic	state.
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This	comment	refers	to	‘Metformin	for	non-diabetic	patients	with	coronary	
heart	disease	(the	CAMERA	study):	a	randomized	controlled	trial,’	by	D.	Preiss	
and	colleagues,	published	in	the	February	2014	issue	of	the	Lancet	Diabetes	
and	Endocrinology,	on	pages	116–124.
	 The	role	of	metformin	in	cardiovascular	disease	is	under	investigation.	
Aside	from	its	established	use	for	patients	with	type	2	diabetes,	metformin	is	
thought	to	be	beneficial	for	cardiovascular	disease,	although	solid	evidence	is	
lacking.	The	alleged	protective	effects	of	metformin	in	cardiovascular	disease	
seem	 at	 least	 partly	 unrelated	 to	 its	 effects	 on	 glucose	 metabolism.	 The	
investigators	of	the	Carotid	Atherosclerosis:	Metformin	for	insulin	ResistAnce	
(CAMERA)	 study	 investigated	 the	 effect	 of	 metformin	 on	 carotid	 intima-
media	thickness	(cIMT)	in	a	double-blind	randomized	controlled	trial	of	173	
patients	with	 proven	 coronary	 heart	 disease,	 but	without	 diabetes.1	 After	
18	months,	cIMT	progression	did	not	differ	significantly	between	metformin	
and	placebo	groups	(slope	difference	0.007	mm	per	year,	95%	CI	–0.006	mm	
to	0.020	mm;	P=0.29)	The	investigators	did	report	a	reduction	in	HbA1c	or	
insulin	 concentrations	 in	 patients	 assigned	 to	 metformin	 compared	 with	
those	assigned	to	placebo.
	 Patients	in	the	study	had	coronary	heart	disease	and	were	therefore	
treated	 according	 to	 current	 guidelines,	 with	 all	 patients	 taking	 statins.	
Thus,	the	window	of	opportunity	for	improving	atherosclerosis	as	measured	
by	cIMT	was	small.	The	study	was	powered	to	detect	a	difference	 in	cIMT	
between	the	metformin	and	control	groups	of	0.021	mm	after	18	months.	
This	difference	was	partly	based	on	the	study	of	Meaney	and	colleagues	in	
which	40	patients	with	features	of	metabolic	syndrome	were	either	treated	
with	 metformin	 or	 received	 no	 additional	 treatment.2	 After	 12	 months,	
patients	in	the	metformin	group	had	a	greater	reduction	of	cIMT	than	in	the	
control	group	(–0.1	mm,	P=0.04	vs.	–0.02	mm,	P=not	significant).	By	contrast	
with	patients	 in	CAMERA,	patients	 in	 the	study	by	Meaney	and	colleagues	
had	 higher	 baseline	 LDL-cholesterol,	 and	 data	 for	 use	 of	 statins	were	 not	
presented,	 so	 the	 potential	 for	 cIMT	 reduction	 was	 probably	 greater.	
Katakami	and	colleagues	also	studied	the	effect	of	metformin	on	cIMT.3	They	
assessed	118	patients	with	type	2	diabetes	treated	with	glibenclamide	over	
3	years.	Addition	of	metformin	was	associated	with	less	progression	of	cIMT	
compared	with	placebo	(0.003	mm	vs.	0.064	mm;	P<0.0001).	However,	few	
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patients	(n=29)	were	taking	statins.	The	studies	by	Meaney	and	colleagues	
and	Katakami	and	colleagues	show	that	metformin	might	reduce	progression	
of	cIMT	in	the	absence	of	statin	treatment.	The	CAMERA	study	shows	that	
the	 effect	 of	metformin—in	 addition	 to	 current	 best	 treatment,	 including	
statins—on	cIMT	is	probably	small	or	negligible.	In	two	upcoming	trials,	the	
Copenhagen	Insulin	and	Metformin	Therapy	trial	(CIMT;	NCT00657943)	and	
the	REducing	with	MetfOrmin	Vascular	Adverse	Lesions	in	type	1	diabetes	trial	
(REMOVAL;	NCT01483560),	the	effect	of	metformin	on	cIMT	will	be	assessed	
in	500	patients	with	type	1	diabetes	and	950	patients	with	type	2	diabetes	
in	whom	statin	use	will	be	monitored,	respectively.4	We	are	interested	to	see	
whether	these	studies	will	show	a	beneficial	effect	of	metformin	in	addition	
to	statins.
	 Proof-of-principle	 trials	 such	 as	 CAMERA	 are	 usually	 powered	 to	
assess	markers	thought	to	be	reliable	proxies	for	outcomes.	Ideally,	a	strong	
causal	relation	exists	between	the	surrogate	end	point	and	outcome.	cIMT	
is	an	established	marker	for	the	diagnosis	of	atherosclerotic	disease,	and	a	
surrogate	 approved	 by	 the	 US	 Food	 and	 Drug	 Administration.	 Conversely,	
little	evidence	exists	of	a	direct	association	between	improvement	of	cIMT	
and	 outcome.	Moreover,	 the	 experimental	 evidence	 for	 a	 direct	 effect	 of	
metformin	on	cIMT	is	weak.5	Experimental	evidence	of	an	effect	on	myocardial	
function	 is	 more	 established:	 several	 studies	 show	 that	 metformin	 is	
associated	with	a	reduced	size	of	myocardial	infarct.6	Furthermore,	metformin	
exerts	anti-thrombotic	effects,	which	 could	explain	 the	 improved	outcome	
in	 atherothrombotic	 disease.7	 Likewise,	 in	 a	 non-ischemic	 experimental	
study	of	 rats,	metformin	prevented	heart	 failure	and	 improved	myocardial	
function,	suggesting	that	metformin	might	even	improve	myocardial	function	
irrespective	of	 ischemia.8	 In	several	retrospective	analyses	of	patients	with	
diabetes	with	concomitant	coronary	artery	disease	and	even	heart	 failure,	
use	 of	 metformin	 was	 associated	 with	 improved	 survival	 independent	 of	
glycemic	control.9,10	Ongoing	randomized,	double	blind,	clinical	trials	such	as	
the	Metformin	in	CABG	trial	(MetCAB;	NCT01438723)	and	the	Glycometabolic	
Intervention	as	Adjunct	to	Primary	Percutaneous	Intervention	in	ST	Elevation	
Myocardial	 Infarction	 Trial	 (GIPS-III;	 NCT01217307)	 will	 elucidate	 whether	
metformin	can	reduce	myocardial	infarct	size,	improve	resilience	to	ischemia,	
and	improve	left	ventricular	function	after	ischemia-reperfusion	injury.	Like	
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cIMT,	the	effect	of	metformin	on	myocardial	function	and	infarct	size	is	also	a	
surrogate	end	point	for	clinical	outcome.
	 Whether	 the	 primary	 end	 point	 of	 CAMERA	 or	 secondary	 end	
points	such	as	HbA1c	best	represent	cardiovascular	outcome	is	unclear.	The	
definitive	evidence	for	the	role	of	metformin	in	non-diabetic	cardiovascular	
disease	will	have	to	be	provided	by	large	randomized	clinical	trials	powered	
for	cardiovascular	outcomes	such	as	the	Glucose	Lowering	 In	Non-diabetic	
hyperglycemia	 Trial	 (GLINT;	 ISRCTN34875079),	 in	 which	 12,000	 patients	
with	 high	 cardiovascular	 risk	 and	 dysglycemia	 but	 without	 diabetes,	 will	
be	 assigned	 to	 metformin	 or	 placebo	 for	 5	 years.	 Until	 then,	 the	 role	 of	
metformin	 for	 improving	 cardiovascular	 outcomes	has	 promise,	 but	 is	 still	
largely	unproven.
	 Chris	P.H.	Lexis	and	Iwan	C.C.	van	der	Horst	(principal)	are	investigators	
of	 the	 Glycometabolic	 Intervention	 as	 Adjunct	 to	 Primary	 Percutaneous	
Intervention	 in	 ST	 Elevation	 Myocardial	 Infarction	 trial	 (NCT01217307),	
designed	to	evaluate	the	effect	of	metformin	on	left	ventricular	function	in	
patients	without	diabetes	presenting	with	acute	myocardial	infarction.
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ABSTRACT

Background
Left	ventricular	dysfunction	and	the	development	of	heart	failure	is	a	frequent	
and	serious	complication	of	myocardial	infarction.	Recent	animal	experimental	
studies	suggested	that	metformin	treatment	reduces	myocardial	injury	and	
preserves	cardiac	function	in	non-diabetic	rats	after	experimental	myocardial	
infarction.	We	will	study	the	efficacy	of	metformin	with	the	aim	to	preserve	
left	ventricular	ejection	fraction	in	non-diabetic	patients	presenting	with	ST	
elevation	myocardial	infarction	(STEMI).

Methods
The	 Glycometabolic	 Intervention	 as	 adjunct	 to	 Primary	 percutaneous	
intervention	 in	 ST	 elevation	 myocardial	 infarction	 (GIPS)-III	 trial	 is	 a	
prospective,	 single	 center,	 double	 blind,	 randomized,	 placebo-controlled	
trial.	Three-hundred-and-fifty	patients,	without	diabetes,	requiring	primary	
percutaneous	 coronary	 intervention	 (PCI)	 for	 STEMI	 will	 be	 randomized	
to	metformin	 500	mg	 twice	 daily	 or	 placebo	 treatment	 and	 will	 undergo	
magnetic	resonance	imaging	(MRI)	after	4	months.	Major	exclusion	criteria	
were	prior	myocardial	infarction	and	severe	renal	dysfunction.	The	primary	
efficacy	 parameter	 is	 left	 ventricular	 ejection	 fraction	 4	 months	 after	
randomization.	 Secondary	 and	 tertiary	 efficacy	 parameters	 include	 major	
adverse	cardiac	events,	new	onset	diabetes	and	glycometabolic	parameters,	
and	 echocardiographic	 diastolic	 function.	 Safety	 parameters	 include	 renal	
function	deterioration	and	lactic	acidosis.

Conclusions
The	GIPS-III	trial	will	evaluate	the	efficacy	of	metformin	treatment	to	preserve	
left	ventricular	ejection	fraction	in	STEMI	patients	without	diabetes.
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INTRODUCTION

Primary	percutaneous	coronary	intervention	(PCI)	reduces	early	mortality	and	
improves	 late	clinical	outcome	in	patients	with	acute	myocardial	 infarction	
(MI).	Large	MI	size	and	adverse	left	ventricular	remodeling	may	cause	post	
infarct	deterioration	of	 left	 ventricular	 function	and	development	of	overt	
heart	failure.
	 Metformin,	a	biguanide	oral	antihyperglycemic	agent	used	widely	for	
the	 treatment	of	patients	with	 type	2	diabetes	mellitus,	enhances	glucose	
control	 through	 increased	 glucose	 utilization	 and	 decreased	 endogenous	
glucose	 release.1,2	 Several	 studies	 in	 patients	 with	 diabetes	 demonstrated	
that	metformin	is	associated	with	improved	outcome	and	considered	to	be	
safe	(Table 1).3–9	Furthermore,	in	patients	at	high	risk	of	developing	diabetes,	
metformin	reduced	the	incidence	of	diabetes.10,11

	 Several	 preclinical	 studies	 in	 non-diabetic	 animals	 reported	 that	
metformin	may	confer	 cardioprotection	by	 limiting	MI	 size	and	preventing	
adverse	 remodeling.	 Recently,	 our	 group	 demonstrated	 that	 metformin	
reduces	infarct	size	by	22%	in	an	experimental	non-diabetic	rat	model	of	MI,	
resulting	in	a	relative	improvement	in	left	ventricular	ejection	fraction	(LVEF)	of	
52%	compared	to	placebo	(Figure 1).12	These	effects	were	independent	from	
glycemic	 control,	 as	 these	were	 non-diabetic	 normoglycemic	 rats.12 Other 

Figure 1. Effect of Metformin on LVEF in Experimental Setting.Metformin	resulted	in	a	relative	
improvement	in	left	ventricular	ejection	fraction	of	52%	compared	to	placebo.	Abbreviations:	
LVEF	denotes	 left	ventricular	ejection	fraction;	MI,	myocardial	 infarction.	*	P<0.05	vs.	sham	
group.	#	P<	0.05	vs	placebo	group.	Adapted	with	permission	from	Figure	2	from	Meimei	Yin,	
Iwan	C.	C.	van	der	Horst,	Joost	P.	van	Melle,	Cheng	Qian,	Wiek	H.	van	Gilst,	Herman	H.	W.	Silljé,	
and	Rudolf	A.	de	Boer.	Metformin	 improves	cardiac	 function	 in	a	nondiabetic	 rat	model	of	
post-MI	heart	failure.	Am	J	Physiol	Heart	Circ	Physiol.	2011;301:H459-468.
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Figure 2. Visualization of the Proposed Cardioprotective Mechanism of Action of Metformin 
in the Human Heart after Myocardial Infarction, resulting in improved Systolic and 
Diastolic Function. In	experimental	models	metformin	has	been	consistently	associated	with	
enhanced	phosphorylation	of	AMP	activated	protein	kinase	(AMPK).12–24	In	the	myocardium,	
characterized	by	high	energy	demands	and	low	energy	reserves,	AMPK	plays	a	pivotal	role	in	
maintaining	metabolic	homeostasis.18–21	Metformin-induced	AMPK	phosphorylation	may	be	
mediated	by	inhibition	of	complex	1	of	the	respiratory	chain,	by	upstream	activation	of	the	
tumor	suppressor	gene	liver	kinase	B1	(LKB1),	or	by	decreased	AMP–deaminase	activity.21–24 
AMPK	 phosphorylation	 leads	 to	 activation	 of	 the	 Reperfusion	 Injury	 Salvage	 Kinase	 (RISK)	
pathway	 including	phospatidylinositol-3-kinase	(PI3K)	and	Akt	pathways,17,26	upregulation	of	
the	tumor	suppressor	gene	p53,27	inhibition	of	mammalian	target	of	rapamycin	(mTOR),19	and	
upregulation	of	endothelial	nitric	oxide	synthase	(eNOS).1–13	Activation	of	the	RISK	pathway	and	
eNOS	improves	mitochondrial	function	and	inhibits	opening	of	the	mitochondrial	permeability	
transition	 pore	 (mPTP).26	 The	mPTP	 is	 a	major	mediator	 of	myocardial	 reperfusion	 injury.	
Opening	of	the	mPTP	results	in	ATP	depletion	and	cell	death.25–26	Further,	prevention	of	mPTP	
opening	stimulates	mitochondrial	respiration,	improving	ATP	availability	and	cellular	function.25 
Upregulated	 p53	 and	 inhibited	mTOR,	 partly	 RISK	 pathway	mediated,	 are	 associated	 with	
decreased	cellular	vulnerability	by	preventing	post-mitotic	cell	death	and	improved	resilience	
to	ischemia	related	injury.19,27	Metformin	mediated	eNOS	production,	next	to	increasing	nitric	
oxide	 production,	 enhances	 sodium	 pump	 activity	 causing	 decreased	 intracellular	 calcium	
levels.1	In	infarcted	tissue,	this	may	attenuate	microvascular	obstruction	and	thereby	prevent	
mPTP	mediated	 cell	 death.28	 In	 functional	myocardium,	 optimized	 calcium	handling	 results	
in	improved	contractility	and	relaxation.1	Further,	independent	of	AMPK,	metformin	inhibits	
transforming	 growth	 factor	 (TGF)-β1	 myocardial	 expression,	 decreasing	 collagen	 synthesis	
and	preventing	fibrosis.29	Metformin	may	also	attenuate	cardiac	fibrosis	by	directly	inhibiting	
advanced	 glycation	 endproduct	 (AGE)	 formation.30	 Also,	 metformin	 is	 associated	 with	 a	
decrease	in	dipeptidyl	peptidase-4	activity	and	an	increase	in	circulating	levels	of	glucagon-like	
peptide	1.31	In	a	porcine	model	of	ischemia	and	reperfusion	injury,	stimulation	with	exenatide	
resulted	in	a	reduction	of	infarct	size.32	Another	target	of	metformin	may	be	the	increase	of	
glucose	utilisation	of	 the	heart.	The	adult	heart	mainly	 relies	on	 fatty	acids	utilisation,	and	
switches	back	to	glucose	when	damaged.	However,	metabolic	flexibility	of	the	failing	heart	is	
limited,	and	facilitation	of	glucose	utilisation	by	metformin	via	increase	of	glucose	transporters	
(GLUT-1	and	GLUT-4)	may	explain	its	salutary	effects	on	the	cardiac	function.12,33
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groups	confirmed	these	results	in	murine	and	canine	models,	demonstrating	
metformin	treatment	compared	to	placebo	reduced	MI	size	between	22%	to	
58%,	and	resulted	in	a	relative	improvement	in	LVEF	between	31	and	52%.13–

17

	 Current	medical	strategies	are	predominantly	aimed	at	establishing	
reperfusion	 and	 secondary	 prevention	 including	 prevention	 of	 thrombo-
embolism	and	 inhibition	of	 the	 renin-angiotensin	 system.	Reducing	 infarct	
size	 and	 positive	 cardiac	 remodeling	 by	 metformin	 therapy	 provides	 a	
potential	 novel	 strategy	 to	 preserve	 functional	 myocardium	 and	 thereby	
improve	prognosis.

Mechanism of action and potential benefit
Effects	 of	 metformin	 include	 decreased	 hyperglycemia,	 hypoinsulinemia,	
higher	peripheral	muscle	glucose	uptake,	decreased	hepatic	glyconeogenesis,	
reduced	 hypercoagulability,	 improvement	 of	 the	 lipid	 profile,	 nitric	 oxide	
mediated	vasodilatation,	and	additional	cardioprotective	effects.1	Reported	
cardioprotective	effects	of	metformin	include	attenuation	of	myocardial	infarct	
size	and	improved	left	ventricular	function.	The	exact	mechanisms	of	action	
that	explain	these	numerous	effects	of	metformin	remain	to	be	elucidated.	

Table 2.	Inclusion	and	Exclusion	Criteria	for	the	GIPS-III	Trial.
Inclusion	criteria Exclusion	criteria

The	diagnosis	acute	MI	defined	by	chest	
pain	suggestive	for	myocardial	ischemia	
for	at	least	30	minutes,	the	time	from	
onset	of	the	symptoms	less	than	12	hours	
before	hospital	admission,	and	an	ECG	
recording	with	ST-	segment	elevation	of	
more	than	0.1	mV	in	2	or	more	leads

Prior	MI

Diabetes

Creatinin	>177	μmol/L	measured	pre-PCI

Need	for	coronary	artery	bypass	grafting

Rescue	PCI	after	thrombolytic	therapy
Successful	primary	PCI	<12	hours	from	
onset	of	symptoms When	subjects	develop	a	condition	which,	in	

the	investigator’s	judgment,	precludes	study	
therapyVerbal	followed	by	written	informed	

consent
At	least	one	stent	sized	≥	3.0	mm Inability	to	provide	informed	consent

Eligible	for	cardiac	MRI-scan:	
-	 Body	Mass	Index	<40	kg/m2

-	 no	ferromagnetic	metal	objects	in	the	
body	

-	 no	claustrophobia

Younger	than	18	years
Mechanical	ventilation

Contra-indication	to	metformin
an	estimated	life-expectancy	of	less	than	6	
months

Abbreviations:	MI	denotes	myocardial	infarction;	ECG,	electrocardiogram;	PCI,	percutaneous	
coronary	intervention;	and	MRI	magnetic	resonance	imaging.
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Especially	 our	understanding	of	 the	 cardioprotective	effects	of	metformin,	
beyond	glucose	lowering,	is	incomplete.18	Several	ancillary	mechanisms	have	
been	 proposed	 to	 explain	 metformin	 induced	 cardioprotection,	 these	 are	
displayed	in	detail	in	Figure 2.12–33

	 Collectively,	 the	 metformin	 induced	 changes	 in	 myocardial	 gene	
and	 energy	 program,	 especially	 the	 activation	 of	 AMPK,	 are	 associated	
with	 decreased	 infarct	 size,	 prevention	 of	 adverse	 remodeling,	 and	 result	
ultimately	in	improved	cardiac	function.

METHODS

Study Design
The	GIPS-III	 trial	 is	 a	 single	 center,	 prospective,	 double-blind,	 randomized,	
placebo-controlled	 trial,	 designed	 to	 evaluate	 the	 efficacy	 of	 a	 4	 month	
metformin	treatment	on	preservation	of	LVEF	in	non-diabetic	STEMI	patients	
requiring	primary	PCI	treatment.	A	total	of	350	non-diabetic	STEMI	patients	
will	be	included	in	the	GIPS-III	trial.

Eligibility
In-	and	exclusion	criteria	are	 listed	 in	Table 2.	 In	brief,	 subjects	presenting	
with	 an	 acute	 STEMI	 treated	with	 primary	 PCI,	 including	 the	 implantation	
of	at	least	1	stent	with	a	diameter	of	at	least	3.0	mm	are	considered	for	this	
trial.	Verbal	followed	by	written	informed	consent	will	be	required	from	each	
patient.

Treatment
All	patients	will	receive	standard	medical	treatment	for	a	STEMI	according	to	
European	practice	guidelines.34 

	 The	 flow	 chart	 of	 the	 GIPS-III	 trial	 is	 shown	 in	 Figure 3.	 During	
the	 primary	 PCI	 procedure	 witnessed	 verbal	 informed	 consent	 will	 be	
obtained	 by	 the	 interventional	 cardiologist	 and	 additional	 blood	 samples	
will	be	drawn	for	storage.	As	soon	as	possible,	but	no	more	than	3	h	after	
successful	PCI,	patients	will	be	randomly	assigned	to	a	4	month	treatment	
with	white	film-coated	tablets	containing	metformin	hydrochloride	500	mg	
or	visually	matching	placebo,	administered	twice	daily.	Secondary	prevention	
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will	 according	 to	 ESC	 guidelines	 include	 aspirin,	 thienopyridines,	 statins,	
angiotensin	converting	enzyme	(ACE)	inhibitors,	and	beta-receptor	blockers,	
when	indicated	and	tolerated.34,35

	 Subjects	 are	 scheduled	 for	 return	 visits	 at	 2	 weeks,	 2	 months,	
4	 months,	 and	 12	 months	 after	 hospital	 discharge.	 During	 every	 visit	
examination,	assessment	of	clinical	events	and	12-lead	electrocardiography	
are	performed.	During	the	4	month	visit	the	amount	of	study	drug	received,	
dispensed,	and	consumed	will	be	recorded.
Study	drug	treatment	will	be	discontinued	in	the	following	situations:	1)	when	

Figure 3. Flow Chart of the GIPS-III Trial.	Abbreviations:	STEMI	denotes	ST-segment	elevation	
myocardial	infarction;	PCI,	percutaneous	coronary	intervention;	LVEF,	left	ventricular	ejection	
fraction;	MRI,	magnetic	resonance	imaging;	and	OGTT,	oral	glucose	tolerance	testing.
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subject	withdraw	consent,	2)	in	case	of	pregnancy,	3)	when	subjects	develop	
severe	renal	dysfunction	(defined	as	creatinin	>	177	μmol/L,	or	an	estimated	
GFR	<	30ml/min	x	1.73m2),	or	4)	when	subjects	develop	a	condition	which,	in	
the	investigator’s	judgment,	precludes	further	therapy.	Discontinuation	will	
have	no	consequence	for	the	regular	patient	care.	Since	metformin	therapy	
used	as	a	single	antihyperglycemic	drug	is	not	associated	with	hypoglycemia	
and	due	to	the	blinded	nature	of	this	trial,	there	will	be	no	dose	modifications	
of	the	study	medication.

Study organization and monitoring.
The	 GIPS-III	 trial	 is	 performed	 by	 the	 GIPS-III	 investigators	 (Appendix	 A),	
supervised	by	a	steering	committee	(Appendix	B).	The	steering	committee	is	
responsible	for	design	and	conduct	of	the	study.	Periodic	assessments	of	safety	
are	being	performed	by	an	 independent	data	and	safety	monitoring	board	
(DSMB)	(Appendix	C).	Study	end	points	will	be	assessed	by	an	independent	
end	point	adjudication	committee	(EAC)	(Appendix	D).	Data	monitoring	and	
data	management	will	be	performed	by	the	independent	Trial	Coordination	
Center	 (Appendix	 E).	 For	 valorization	purposes	 a	 users’	 committee	will	 be	
installed	(Appendix	F).	The	trial	registration	number	is	NCT01217307	(www.
clinicaltrials.gov).

Study efficacy parameters
The	 primary	 efficacy	 parameter	 of	 the	 GIPS-III	 trial	 is	 LVEF	 measured	 by	
cardiac	MRI	4	months	 after	 randomization,	based	on	an	 intention-to-treat	
analysis.	LVEF,	is	an	important	predictor	of	prognosis	after	MI.36,37

	 A	 per-protocol	 analysis,	 excluding	 patients	 diagnosed	 with	 new	
onset	 diabetes	 and	 treated	with	 oral	 antihyperglyceemic	 agents	 or	 insulin	
prior	to	cardiac	MRI,	will	be	performed	as	a	secondary	efficacy	parameter.	
Other	secondary	efficacy	parameters	 include	major	cardiac	adverse	events	
(MACE;	 death,	 recurrent	 MI,	 target	 lesion	 revascularization),	 stroke,	 non-
elective	hospitalizations	for	chest	pain	or	heart	failure,	all	recurrent	coronary	
interventions,	and	internal	cardiac	defibrillator	implantations.	Mortality	will	
be	divided	 into	cardiac	and	non-cardiac.	Cardiac	death	will	be	divided	 into	
three	categories:	heart	 failure,	 sudden	death	and	other.	A	cardiologist	will	
confirm	 deaths	 from	 cardiovascular	 causes	 by	 examining	 medical	 records	
obtained	 from	 hospitals	 and	 attending	 physicians	 or	 from	 the	 attending	
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general	practitioner	if	the	patient	died	at	home.	Further,	echocardiographic	
parameters	of	diastolic	function,	incidence	of	new	onset	diabetes,	additional	
parameters	measured	by	MRI,	 skin	 autofluorescence,	 electrocardiographic	
parameters,	and	blood	sample	analyses,	will	be	used	as	tertiary	efficacy	end	
points.

Magnetic resonance imaging
Cardiovascular	 MRI	 is	 considered	 the	 most	 accurate	 measure	 to	 date	 for	
evaluation	of	LVEF,	 the	extent	of	myocardial	 infarct	 size,	and	several	other	
functional	 parameters.36	 The	 diagnostic	 accuracy	 of	MRI	 for	 evaluation	 of	
LVEF	allows	a	sample	size	reduction	compared	to	other	imaging	modalities.	
Patients	are	studied	with	a	3.0	Tesla	clinical	scanner	(3T	Achieva,	Philips,	Best,	
The	Netherlands)	at	the	NeuroImaging	Center	(NIC,	University	of	Groningen,	
Groningen,	 The	 Netherlands)	 (Appendix	 G)	 using	 a	 phased	 array	 cardiac	
receiver	 coil.	 Electrocardiogram-gated	 cine	 steady-state,	 free	 precession	
magnetic	 resonance	 images	 acquired	 during	 repeated	 breath	 holds	 in	 the	
standard	long-axis	views	(4-,	3-,	and	2-chamber	view)	and	contiguous	short-
axis	 slices	 covering	 the	 entire	 left	 ventricle	 are	 used	 to	 assess	 global	 and	
regional	ventricular	function	and	to	calculate	LVEF	(primary	end	point).	Using	
identical	slice	locations,	late	contrast-enhanced	(LCE)	images	are	acquired	10	
min	after	 intravenous	administration	of	a	gadolinium-based	contrast	agent	
(Dotarem,	 Gorinchem,	 the	 Netherlands;	 0.2	 mmol/kg)	 with	 an	 inversion-
recovery,	gradient-echo	pulse	sequence	to	identify	the	location	and	extent	of	
MI.	The	inversion	time	will	be	set	to	null	the	signal	of	viable	myocardium	for	
every	individual	patient.	All	MRI	data	are	sent	to	independent	cardiologists,	
blinded	 for	 randomization	 status,	 for	 quality	 control	 and	 blinded	 analysis	
(Appendix	H).
	 The	MRI	data	are	analyzed	using	a	dedicated	software	package.	On	the	
stack	of	short-axis	cines,	the	endocardial	and	epicardial	borders	are	outlined	
in	end	systolic	and	end	diastolic	images.	Left	ventricular	end	diastolic	volume	
(LVEDV)	and	left	ventricular	end	systolic	volume	(LVESV)	are	calculated	using	
the	summation	of	slice	method	multiplied	by	slice	distance.	LVEF	is	calculated	
as	LVEF=100%×(LVEDV-LVESV)/LVEDV.	Summation	of	the	volumes	per	slice	of	
areas	 of	 hyperenhancement	 is	 outlined,	 allowing	 to	 calculate	 total	 infarct	
size.
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Echocardiography
Two-dimensional	 echocardiography	 with	 a	 phased	 array	 electronic	
ultrasound	will	 be	performed	0–2	days	 after	 randomization	and	4	months	
after	 randomization.	 Tissue	Doppler	 (TD)	 imaging	of	 the	early	mitral	 valve	
flow	velocity/early	TD	lengthening	velocity	(E/E’),	the	ratio	of	the	early	(E)	to	
late	(A)	mitral	valve	flow	velocity,	the	deceleration	time,	the	left	atrial	volume	
index	(LAVI),	and	the	difference	between	the	duration	of	reverse	pulmonary	
vein	atrial	 systole	flow	 (Ard)	and	mitral	 valve	atrial	wave	flow	 (Ad)	will	 be	
used	to	determine	and	classify	diastolic	function.

Skin autofluorescence
Tissue	 AGE	 accumulation	 will	 be	 assessed	 using	 a	 validated	 skin	
autofluorescence	 (AF)	 reader	 (advanced	 glycation	 endproducts	 reader;	
patent	 PCT/NL99/00607;	 DiagnOptics	 BV,	 Groningen,	 The	 Netherlands).38 

In	 short,	a	 skin	 surface	of	approximately	2	cm2	 is	 illuminated	by	 the	AGE-
reader	with	an	peak	excitation	of	~370	nm.	The	reflected	light	from	the	skin	
is	measured	with	a	spectrometer	 in	 the	420–600	nm	range,	using	200	μm	
glass	fibers.	The	value	of	skin	AF	is	calculated	as	the	ratio	of	the	light	intensity	
in	the	420–600	nm	wavelength	range	and	the	light	intensity	in	the	300–420	
nm	wavelength	range.	Skin	AF	will	be	measured	during	hospitalization,	and	4	
months	after	randomization.

Electrocardiography
A	standard	12-lead	electrocardiogram	is	acquired	at	the	time	of	presentation,	
after	 the	PCI	procedure,	before	hospital	discharge,	and	at	each	outpatient	
clinic	 visit.	Mean	 time	 interval	 between	 pre	 and	 post	 intervention	will	 be	
registered.	 Pre-intervention	 ECG	 will	 be	 analyzed	 on	 the	 presence	 of	 ST-
deviation.	 The	 post-intervention	 ECGs	will	 be	 used	 to	 score	 persistent	 ST-
deviation	and	ST-segment	resolution,	and	the	incidence	and	location	of	new	
Q-waves.

Laboratory analysis
During	hospitalization,	blood	will	be	sampled	at	baseline	and	at	3,	6,	9,	12,	
and	24	h	after	PCI	to	monitor	values	of	cardiac	enzymes	and	high	sensitive	
troponin.39	 Less	 frequently	 during	 hospitalization	 and	 at	 every	 visit	 to	 the	
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outpatient	clinic	hemoglobin,	platelets,	glucose,	creatinin	and	liver	enzymes,	
total	 cholesterol,	 high-density	 and	 low-density	 lipoprotein,	 and	N-terminal	
pro	B-type	natriuretic	peptide	will	be	determined.
	 Furthermore,	 during	 PCI,	 24	 h	 after	 PCI,	 and	 at	 every	 visit	 to	 the	
outpatient	 clinic,	blood	 samples	 for	additional	 analyses	will	 be	 collected.40 

These	 analyses	 will	 include,	 but	 are	 not	 limited	 to,	 glycometabolic	
determinants,	biomarkers,	and	other	markers	of	disease	severity	or	relevant	
to	the	disease.41,42

Diabetes and prediabetes
For	 assessment	 of	 diabetes	 and	 prediabetes,	 an	 oral	 glucose	 tolerance	
test	 (OGTT)	will	be	performed	during	 initial	hospitalization	and	after	study	
medication	 is	 stopped	 according	 to	 protocol	 and	 after	 primary	 end	 point	
analysis,	next	 to	 the	 level	of	glycated	hemoglobin	 (HbA1c).40	Diabetes	and	
prediabetes	will	be	diagnosed	according	to	current	guidelines.43	Whenever	
new	onset	diabetes	is	diagnosed,	patients	will	be	treated	by	an	endocrinologist	
according	 to	 current	 guidelines,	 additional	 to	 study	 treatment.	Metformin	
can	be	started	on	top	of	study	medication	in	a	dose	of	500	mg	three	times	
per	day,	to	prevent	exceeding	maximal	metformin	dose.	Patients	who	next	
to	 standard	 care	 and	 life	 style	 interventions	 need	 oral	 antihyperglycemic	
agents	or	insulin	for	glucose	control	prior	to	primary	end	point	analysis	will	
be	excluded	from	the	per	protocol	analysis.

STATISTICAL CONSIDERATIONS

Sample size
The	 sample	 size	 is	 calculated	 for	 the	 difference	 in	 the	 primary	 efficacy	
parameter	(LVEF	measured	by	MRI	at	4	months)	between	the	 intervention	
group	and	the	placebo	group.	With	80%	power	to	detect	a	3%	difference	in	
LVEF	between	active	 treatment	and	 control	 (assuming	a	2-sided	α	of	0.05	
and	an	SD	of	9%	 for	 the	change	 in	 LVEF)	141	patients	are	needed	 in	each	
study	group.	A	3%	difference	in	LVEF	is	considered	to	be	a	clinically	relevant	
outcome.37	 Based	 on	 local	 experience	 from	 previous	 studies,	 we	 assume	
that	MRI	analysis	will	be	unavailable	in	up	to	24%	of	patients	(due	to	study	
withdrawal,	 development	 of	 contraindications	 e.g.	 ICD,	 claustrophobia,	
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etc.).44,45	To	maintain	 80%	 power,	 an	 increase	 to	 a	 total	 of	 350	 patients	 is	
required.	 However,	 if	 actual	 study	 completion	 rates	 differ	 from	 predicted	
rates,	 recruitment	will	 be	 extended	 in	 order	 to	 achieve	 282	 patients	with	
primary	end	point	analysis.	 The	maximal	number	of	patients	 to	which	 the	
inclusion	can	be	extended	in	this	trial	will	be	limited	to	380.

Statistical analyses of primary and secondary efficacy parameters
The	 primary	 efficacy	 parameter	 of	 the	 study	 is	 measured	 4	months	 after	
randomization.	For	the	analysis	of	binary	end	points,	treatment	comparisons	
will	be	performed	using	Fisher	exact	probability	test	or	Chi-square	analysis.	
For	continuous	outcomes,	independent	samples	T	test	or	a	Mann–Whitney	U	
test	will	be	used,	as	appropriate.	For	clinical	outcomes	such	as	the	incidence	
of	 major	 adverse	 cardiac	 events,	 Cox	 regression	 will	 be	 used	 to	 evaluate	
the	association	between	the	intervention	and	the	end	points.	Kaplan-Meier	
curves	 displaying	 the	 pattern	 of	 events	 over	 the	 4-month	 and	 long-term	
follow-up	period	will	be	drawn.

DISCUSSION

The	 GIPS-III	 trial	 will	 be	 the	 first	 randomized,	 double-blind,	 placebo-
controlled	 trial	 to	 study	 the	efficacy	of	metformin	on	preservation	of	LVEF	
in	non-diabetic	STEMI	patients.	This	 trial	will	provide	valuable	 information	
on	 whether	 metformin	 can	 preserve	 LVEF	 and	 reduce	 myocardial	 infarct	
size	after	STEMI	and	might	extend	its	clinical	efficacy	beyond	patients	with	
diabetes.	LVEF	was	chosen	as	the	primary	efficacy	parameter	as	this	provides	
an	 important	 reflection	 of	 the	 functional	 consequences	 of	 post	 infarction	
cardiac	remodeling	and	is	probably	more	important	than	anatomical	area	at	
risk.
	 A	unique	aspect	of	the	GIPS-III	trial	is	that	we	evaluate	non-glycemic	
effects	 of	metformin	 in	 a	 non-diabetic	 population.	 In	 the	 current	 trial	 we	
excluded	 patients	 with	 a	 history	 of	 diabetes.	 Diabetes	 diagnosed	 after	
randomization	will	be	regarded	as	“new	onset	diabetes”	and	will	be	treated	
by	an	endocrinologist	which	could	include	metformin	treatment	in	addition	
to	study	drug	treatment.	According	to	the	intention-to-treat	principle,	these	
patients	will	be	included	in	the	primary	efficacy	parameter	analysis.	For	the	
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secondary	per	protocol	analysis	these	patients	will	be	excluded.
	 We	excluded	patients	with	documented	myocardial	 infarction	from	
the	GIPS-III	trial	to	avoid	inclusion	of	subjects	with	reduced	LVEF	at	baseline,	
which	might	 complicate	 the	 interpretation	 of	 our	 data.	We	 also	 included	
only	subjects	with	a	STEMI	based	on	a	vessel	requiring	a	stent	diameter	of	
at	 least	3	mm	as	an	 indicator	of	a	relatively	 large	area	at	risk	which	might	
potentially	result	 in	a	clearly	reduced	LVEF.	Although	the	exact	mechanism	
of	metformin	remains	to	be	elucidated,	we	start	study	treatment	immediate	
(within	 3	h)	 after	PCI	 to	have	 the	 largest	 possible	window	of	 opportunity.	
Our	primary	efficacy	parameter	will	be	evaluated	4	months	after	primary	PCI.	
After	4	months	would	healing	should	be	completed	and	partial	or	complete	
remodeling	should	have	occurred.45

	 Several	 prospective	 trials	 in	 patients	 with	 diabetes	 have	 reported	
a	 favorable	 outcome	 associated	 with	 metformin.	 Several	 retrospective	
analyses	have	demonstrated	additional	effects	on	cardiovascular	end	points.	
No	prospective	trial	has	yet	shown	the	effects	of	metformin	on	myocardial	
infarct	 size	 and	 cardiac	 function.	 The	 effects	 and	 pathways	 allegedly	
responsible	 for	 the	 metformin-induced	 cardioprotective	 effects	 have	 not	
yet	 been	 studied	 in	 the	 human	 setting.	Moreover,	 the	 exact	 contribution	
and	efficacy	of	the	supposed	metformin	mediated	mechanisms	to	improved	
systolic	and	diastolic	myocardial	function	is	unclear.	However,	retrospective	
data	 consistently	 showed	 that	 metformin	 therapy	 was	 associated	 with	
improved	outcome	in	diabetic	patients	(Table 1).	In	non-diabetic	preclinical	
studies	a	consistent	reduction	in	myocardial	infarct	size	and	improvement	in	
left	ventricular	 function	has	been	reported.12–17	Therefore,	 the	GIPS-III	 trial	
may	be	regarded	as	a	proof-of-principle	trial	focused	on	the	cardioprotective	
effects	of	metformin.	Collectively,	we	hypothesize	that	the	metformin	induced	
changes	in	myocardial	gene	and	energy	program,	especially	the	activation	of	
AMPK,	will	be	associated	with	decreased	infarct	size,	prevention	of	adverse	
remodeling,	and	may	ultimately	result	in	improved	systolic	function	(Figure 
2).	 Diastolic	 function	 might	 also	 be	 improved	 by	 attenuating	 fibrosis	 and	
improving	 myocardial	 relaxation	 (Figure 2).	 Extensive	 secondary	 analyses	
will	allow	to	study	the	mechanisms	 involved	with	metformin	use	 in	a	non-
diabetic	population.
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Table 1.	Effects	of	M
etform

in	on	Prognosis.

Ref.	
Subjects

Study	design
N
um

ber	
of	

subjects

M
edian	

follow
-

up
Effect	of	m

etform
in	on	

blood	glucose	levels
Effect	of	m

etform
in	on	endpoints

3
O
bese	

(BM
I>27kg/m

2)	
patients	w

ith	
diabetes

Post-hoc	
analysis	of	RCT

753
10.7		
years

Com
parable	to	other	

strategies
Im

proved	survival	(p=0.021)

4
STEM

I	patients	
w
ith	diabetes

Post-hoc	
analysis	of	RCT

1,145
4.1	years

Com
parable	to	other	

strategies
Im

proved	survival	(HR	death:	0.65,	0.47	
-	0.90,	p=0.01)

5
Patients	w

ith	
diabetes	
undergoing	
coronary	
intervention

Post-hoc	
analysis	of	RCT

2,772
9 m
onths

Higher	blood	glucose	
levels	com

pared	to	
other	strategies

Im
proved	survival	(O

R	death:	0.41,	0.21	
–	0.79,	p=0.008)	Low

er	rates	of	M
I	(O

R	
M
I:	0.41,	0.20	–	0.84,	p=0.016)

6
Patients	w

ith	
diabetes	and	
atherothrom

bosis

O
bservational	

19,691
2	years

Higher	blood	glucose	
levels	com

pared	to	
other	strategies

Im
proved	survival	(HR	death:	0.76,	0.65-

0.89,	p<0.001)

7
Elderly	patients	
w
ith	diabetes	and	

heart	failure

Retrospective
16,417

1	year
N
o	data	on	glycem

ic	
control

Im
proved	survival	(HR	death:	0.86,	0.78	

–	0.97)

8
Patients	w

ith	
diabetes	and	
heart	failure

O
bservational

6,185
2	years

N
o	data	on	glycem

ic	
control

Im
proved	survival	(HR	death:	0.76,	0.63	

–	0.92,	p<0.001)	

9
Patients	w

ith	type	
2	diabetes

M
eta-analysis

96,295
1.3	years

N
o	data	on	glycem

ic	
control

N
o	increase	risk	for	lactic	acidosis

N
o	differences	in	lactate	levels

Abbreviations:	RCT	denotes	random
ized	clinical	trial;	BM

I,	body	m
ass	index*;	STEM

I,	ST-segm
ent	elevation	m

yocardial	infarction;	HR,	hazard	ratio;	O
R,	

odds	ratio.	*Calculated	as	w
eight	in	kilogram

s	divided	by	height	in	m
eters	squared.
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Current status
The	 GIPS-III	 trial	 has	 been	 approved	 by	 the	 local	 institutional	 review	
board,	national	regulatory	agencies,	and	is	being	carried	out	according	the	
Declaration	of	Helsinki	(Seoul	2008).	GIPS-III	has	enrolled	its	first	patient	in	
January	2011.	As	of	August	1st,	2012,	266	patients	have	been	randomized.	
Completion	of	the	inclusion	is	anticipated	in	January	2013.	Primary	end	point	
analysis	of	the	final	randomized	patient	is	expected	in	April	2013.

CONCLUSION

The	GIPS-III	 trial	 is	 a	 single	 center,	 prospective,	 double-blind,	 randomized,	
placebo-controlled	trial	designed	to	determine	whether	a	4	month	metformin	
treatment	 can	 improve	 LVEF	 in	 350	 non-diabetic	 patients	 presenting	with	
STEMI	requiring	primary	PCI	treatment.
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APPENDICES

Appendix A: GIPS-III investigators
All	 in	 the	 Netherlands:	 University	 Medical	 Center	 Groningen,	 Groningen:	
Iwan	C.	C.	van	der	Horst	(principal	investigator),	Chris	P.	H.	Lexis,	Erik	Lipsic,	
Pim	van	der	Harst,	Dirk	J.	van	Veldhuisen,	Wouter	G.	Wieringa,	Rudolf	A.	de	
Boer,	Ad	F.	M.	van	den	Heuvel,	Hindrik	W.	van	der	Werf,	Remco	A.	J.	Schurer,	
Gabija	Pundziute,	 Eng	 S.	 Tan,	Hendrik	M.	Willemsen,	Anouk	N.	A.	 van	der	
Horst-Schrivers,	Bruce	H.	R.	Wolffenbuttel,	Bernard	Dorhout,	Hans	L.	Hillege,	
Wybe	Nieuwland,	Peter	van	der	Meer,	René	A.	Tio,	Jenifer	Coster,	Yoran	M.	
Hummel,	Barbara	H.	W.	Molmans,	Gert	J.	ter	Horst,	Remco	Renken,	Anita	J.	
Sibeijn-Kuiper;	Meander	Medical	Center:	Bart	J.	G.	L.	de	Smet;	VU	University	
Medical	Center,	Amsterdam:	Albert	C.	van	Rossum,	Robin	Nijveldt;	Academic	
Medical	Center,	Amsterdam:	Jan	G.	P.	Tijssen.

Appendix B: GIPS-III Steering Committee:
All	in	the	Netherlands:	University	Medical	Center	Groningen,	Groningen:	Iwan	
C.	C.	van	der	Horst,	Erik	Lipsic,	Pim	van	der	Harst,	Rudolf	A.	de	Boer,	Anouk	N.	
A.	van	der	Horst-Schrivers,	Bruce	H.	R.	Wolffenbuttel,	Dirk	J.	van	Veldhuisen.

Appendix C: Data and Safety Monitoring Board
All	in	the	Netherlands:	Academic	Medical	Center,	Amsterdam:	Jan	G.	P.	Tijssen	
(Chair),	Robbert	J.	de	Winter;	Wilhelmina	Ziekenhuis	Assen,	Assen:	Richard	
M.	de	Jong,	Arne	J.	Risselada,	Rob	K.	Gonera.

Appendix D: End Point Adjudication Committee
All	in	the	Netherlands:	Isala	Klinieken,	Zwolle:	Vincent	M.	Roolvink;	University	
Medical	Center	Groningen,	Groningen:	André	P.	van	Beek,	Fred	van	den	Berg.

Appendix E: Data Monitoring and Data Management
University	Medical	Center	Groningen,	Groningen:	Trial	Coordination	Center.

Appendix F: Users’ Committee
All	 in	 the	 Netherlands:	 University	 Medical	 Center	 Groningen,	 Groningen:	
Iwan	C.	C.	van	der	Horst	(Co-Chair),	Pim	van	der	Harst	(Co-Chair),	Jan	Willem	
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Alffenaar;	 ZonMW,	 Den	 Haag:	 Janine	 Blom	 (Secretary);	Meander	Medisch	
Centrum	Amersfoort,	Amersfoort:	Bart	 J.	G.	L.	de	Smet;	Scheperziekenhuis	
Emmen,	 Emmen:	 Tom	 D.	 J.	 Smilde;	 Martini	 Ziekenhuis,	 Groningen:	 Klaas	
Hoogenberg;	Stichting	Business	Generator	Groningen,	Transfer	Liaison	Group,	
Groningen:	Jan	Sikkema.	

Appendix G: NeuroImaging Center
University	of	Groningen,	Groningen:	G.J.	ter	Horst,	PhD,	R.	Renken,	PhD,	A.J.	
Sibeijn-Kuiper.

Appendix H: MRI Analysis
All	 in	 the	 Netherands:	 VU	 University	 Medical	 Center,	 Amsterdam:	 Robin	
Nijveldt,	Albert	C.	van	Rossum.
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ABSTRACT

Importance
Metformin	treatment	is	associated	with	improved	outcome	after	myocardial	
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	 (PCI)	 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%	CI,	 51.6%–54.6%)	 in	 the	metformin	 group	 (n=135),	 compared	
with	54.8%	(95%	CI,	53.5%–56.1%)	 (P=0.10)	 in	 the	placebo	group	 (n=136).	
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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=0.66).	MACE	were	observed	 in	6	patients	 (3.1%)	 in	the	metformin	
group	 and	 in	 2	 patients	 (1.1%)	 in	 the	 placebo	 group	 (P=0.16).	 Creatinine	
concentration	 (79	 µmol/l	 [IQR,	 70–87	 µmol/l]	 vs	 79	 µmol/l	 [IQR,	 72–89	
µmol/L],	 P=0.61)	 and	 glycated	 hemoglobin	 (5.9%	 [IQR,	 5.6–6.1%]	 vs	 5.9%	
[IQR,	 5.7–6.1%],	 P=0.15)	 were	 not	 significantly	 different	 between	 both	
groups.	No	cases	of	lactic	acidosis	were	observed.

Conclusions and Relevance
Among	 patients	 without	 diabetes	 presenting	 with	 STEMI	 and	 undergoing	
primary	PCI,	the	use	of	metformin	compared	with	placebo	did	not	result	in	
improved	LVEF	after	4	months.	The	present	findings	do	not	support	the	use	
of	metformin	in	this	setting.
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INTRODUCTION

In	the	Western	world,	approximately	1	of	every	7	people	with	acute	myocardial	
infarction	will	die	of	its	consequences.1,2	Patients	presenting	with	ST-segment	
elevation	myocardial	 infarction	 (STEMI)	 require	 immediate	 treatment	with	
antithrombotic	agents	and	primary	percutaneous	intervention	(PCI)	to	restore	
coronary	blood	flow.1–3	Timely	reperfusion	reduces	myocardial	damage	and	
the	risk	of	developing	left	ventricular	dysfunction.4,5	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	STEMI.6,7	Heart	failure	
after	 STEMI	 is	 associated	with	a	3	 to	4	times	higher	mortality	 risk.7–10	 Left	
ventricular	 dysfunction	 is	 regarded	 as	 the	 strongest	 predictor	 for	 adverse	
outcome	after	STEMI.1

	 Metformin,	 a	 biguanide	 often	 used	 in	 the	 treatment	 of	 diabetes,	
has	been	reported	to	have	favorable	effects	on	ventricular	function.11	Basic	
studies	 showed	 that	metformin	 treatment	 is	 associated	with	an	enhanced	
phosphorylation	 of	 AMP-activated	 protein	 kinase,	 inducing	 changes	 in	
intracellular	 pathways	 and	 altering	 mitochondrial	 function.12	 Interference	
with	these	pathways	may	ultimately	result	in	improved	systolic	and	diastolic	
function.	Data	from	experimental	studies	have	suggested	that	administration	
of	 metformin	 before	 and	 during	 ischemia-reperfusion	 might	 affect	 these	
protective	 pathways	 and	 preserve	 left	 ventricular	 function,	 independent	
of	 glycometabolic	 state.13–15	Moreover,	 in	observational	 studies	of	 patients	
with	acute	myocardial	infarction,	concurrent	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	patients	with	
type	2	diabetes,	compared	with	other	antihyperglycemic	strategies.16–18

	 The	Glycometabolic	Intervention	as	Adjunct	to	Primary	Percutaneous	
Coronary	Intervention	in	ST-Segment	Elevation	Myocardial	Infarction	(GIPS)	III	
trial	was	designed	to	determine	whether	metformin	preserves	left	ventricular	
function	after	STEMI	in	patients	without	diabetes.11
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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	design	of	 the	 study	has	been	described	 in	detail	
previously.11	 Briefly,	 inclusion	 criteria	 were	 age	 older	 than	 18	 years,	 the	
presence	of	STEMI,	and	primary	PCI	with	implantation	of	at	least	1	stent	with	
a	diameter	of	at	least	3	mm	resulting	in	Thrombolysis	in	Myocardial	Infarction	
(TIMI)	 flow	 grade	 2	 or	 3	 post	 PCI.	Major	 exclusion	 criteria	 were	 previous	
myocardial	infarction,	known	diabetes,	the	need	for	coronary	artery	bypass	
graft	 surgery,	 severe	 renal	 dysfunction,	 and	 standard	 contraindications	 for	
magnetic	resonance	imaging	(MRI).

Study Procedures
On	 admission,	 standard	 laboratory	 assessment	 including	 serum	
concentrations	of	CK,	myocardial	band	of	CK,	creatinine,	N-terminal	pro	brain	
natriuretic	 peptide	 (NT-proBNP),	 blood	 glucose,	 and	 glycated	 hemoglobin	
(HbA1c)	was	performed.	Standard	physical	examination	parameters	including	
blood	pressure,	heart	rate,	and	body	mass	index	were	measured.	Coronary	
angiography	was	performed	using	standard	techniques.	The	choice	and	order	
of	 coronary	 intervention	 (i.e.,	 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	
investigators.	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	arbitrarily,	based	on	our	experience	 in	 the	
treatment	of	patients	with	type	2	diabetes,	for	whom	this	would	be	a	typical	
starting	dose.
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Manufacturing	and	packaging	including	blinding	was	performed	by	Stichting	
Apotheek	Haagse	Ziekenhuizen,	Den	Haag,	the	Netherlands,	according	to	the	
Good	Manufacturing	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	myocardial	remodeling	occurs	over	the	course	of	this	critical	
period.19

	 Following	 admission	 to	 the	 coronary	 care	 unit,	 patients	 provided	
written	 informed	 consent.	 All	 patients	 received	 standard	 medication	
according	 to	 current	 guidelines,	 were	 offered	 rehabilitation	 programs	 for	
myocardial	infarction,	and	were	given	general	advice	on	diet,	smoking,	and	
lifestyle	changes	according	to	a	standardized	protocol.1	Patients	were	seen	
in	 the	 outpatient	 clinic	 2	 weeks,	 7	 weeks,	 and	 4	months	 after	 discharge.	
Standard	laboratory	assessment	was	repeated	at	4	months.
	 Study	 monitoring,	 data	 management,	 and	 validation	 were	
independently	 performed	 at	 the	 Trial	 Coordination	 Center	 (University	
Medical	 Center	 Groningen,	 the	 Netherlands).	 Detailed	 information	 is	
available	 in	 eMethods	 1	 in	 the	 online	 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	
manuscript	and	vouch	 for	 the	accuracy	and	completeness	of	 the	 reported	
data.
	 The	contents	of	this	article	are	consistent	with	the	research	protocol,	
and	the	data	analysis	was	performed	according	to	a	prespecified	analysis	plan.	
The	study	protocol	was	 in	accordance	with	the	Declaration	of	Helsinki	and	
was	approved	by	 the	 local	ethics	 committee	 (Groningen,	 the	Netherlands)	
and	national	regulatory	authorities.

Study Outcomes
The	primary	 efficacy	measure	was	 left	 ventricular	 ejection	 fraction	 (LVEF),	
measured	by	MRI	4	months	after	infarction.	Imaging	was	performed	on	a	3.0	
Tesla	whole-body	MRI	scanner	(Achieva;	Philips)	using	a	phased	array	cardiac	
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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	outlined	in	end-systolic	and	end-diastolic	images.	
Left	 ventricular	 end-systolic	 volumes	 and	 left	 ventricular	 end-diastolic	
volumes	were	 calculated	 using	 the	 summation	 of	 slice	method	multiplied	
by	slice	 thickness.	An	 independent	core	 laboratory	 (Image	Analysis	Center,	
VU	University	Medical	Center,	Amsterdam,	the	Netherlands)	evaluated	the	
MRI	scans	and	assessed	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.20 

Other	 secondary	 efficacy	 measures	 were	 the	 incidence,	 within	 4	 months	
after	 infarction,	 of	 the	 combined	 end	 point	major	 adverse	 cardiac	 events	
(MACE	[cardiovascular	death,	 recurrent	myocardial	 infarction,	 target-lesion	
revascularization]),	 and	 single	 efficacy	 and	 safety	 measures	 consisting	 of	
death,	recurrent	STEMI	and	non–ST-segment	elevation	myocardial	infarction,	
recurrent	 coronary	 intervention	 (excluding	 interventions	 solely	 based	
on	 baseline,	 pretreatment	 angiography	 and	 clinical	 information),	 target-
lesion	 revascularization,	 target-vessel	 revascularization,	 non–target-vessel	
revascularization,	 coronary	 artery	 bypass	 graft	 surgery,	 hospitalization	 for	
heart	failure,	hospitalization	for	chest	pain,	 implantation	of	an	 implantable	
cardioverter-defibrillator,	stroke,	and	lactic	acidosis.	The	definitions	used	are	
available	in	eMethods	2	in	the	online	Supplement.
	 Concentrations	of	glucose	and	HbA1c	were	recorded	at	4	months	as	
additional	efficacy	measures,	whereas	creatinine	concentration	was	recorded	
as	an	additional	safety	parameter.

Statistical Analysis
The	study	was	designed	with	80%	power	to	detect	a	significant	difference	in	
LVEF	between	the	2	groups	4	months	after	STEMI,	at	a	2-sided	significance	level	
of	5%.	Previous	randomized	trials	in	patients	with	acute	myocardial	infarction	



Chapter 6

86

that	 showed	 reduced	 mortality	 and	 morbidity	 demonstrated	 concurrent	
absolute	differences	in	LVEF	of	3	percentage	points	or	more.21,22	Therefore,	
we	considered	this	to	be	a	feasible	and	clinically	 important	difference.	The	
SD	of	the	effect	measure	was	estimated	to	be	9%.23	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	measurement,	we	
increased	the	initial	total	sample	size	to	320	patients.	Actual	dropout	rates	
were	close	to	25%,	resulting	in	the	recommendation	by	the	data	and	safety	
monitoring	 board	 to	 increase	 the	 total	 sample	 twice,	 first	 to	 350	patients	
and	then	to	380	patients.	To	maintain	statistical	power	to	detect	a	clinically	
significant	 difference,	 these	 recommendations	were	 acknowledged	 by	 the	
steering	committee.
	 All	 analyses	were	performed	according	 to	a	prespecified	 statistical	
analysis	plan,	which	was	finalized	prior	to	unblinding	of	the	randomization	code	
(available	from	authors).	Values	for	continuous	variables	that	approximate	a	
normal	 distribution	 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	 assumed,	 data	 underwent	 log	 transformation	
to	 convert	 it	 to	 a	 normal	 distribution.	 If	 indicated,	 differences	 in	 effect	
measurements	and	 their	95%	confidence	 intervals	 are	presented	between	
the	 control	 group	 and	 the	 metformin	 group.	 A	 sensitivity	 analysis	 using	
standard	 linear	 regression	 analysis	 was	 performed	 adjusted	 for	 age,	 sex,	
baseline	NT-proBNP	concentration,	and	myocardial	blush	grade	to	evaluate	
the	robustness	of	the	effect	of	treatment	on	the	outcome	parameters.
	 Post	 hoc,	 we	 explored	 multiple-imputation	 analysis	 (M=100)	 as	
implemented	in	Stata	under	the	mi	command.	We	used	ordered	logistic	(olog)	
regression	to	impute	the	3	missing	myocardial	blush	grade	values.	We	used	
multivariate	normal	regression	(mvn)	for	missing	continuous	variables	(108	
missing	LVEF	and	5	missing	HbA1c	values),	which	uses	a	Bayesian	 iterative	
Markov	Chain	Monte	Carlo	method	to	impute	missing	values.	We	explored	
2	 strategies	 of	 imputing	 missing	 values:	 strategy	 A,	 based	 on	 age,	 sex,	
myocardial	blush	grade,	and	baseline	NT-proBNP	values	(the	variables	used	
for	the	multivariate	sensitivity	analysis)	and	strategy	B,	based	on	all	available	
Table 1	baseline	variables	(glucose	and	claudication	were	omitted	because	
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Table 1. Baseline	Characteristics 
Characteristic Total	(n=379) Metformin	(n=191) Control	(n=188)

Age,	mean	(SD),	years 58.8±11.6	 58.7±11.8 58.8±11.5
Female	sex	–	No.	(%) 95	(25.1) 47	(24.6) 48	(25.5)
Body-mass	Index,	mean	(SD),	kg/m2 27.0±3.8 26.9±3.8	 27.0±3.9
Race	or	ethnic	group	–	No.	(%)
		Caucasian 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	–	No.	(%)
		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),	mmHg
		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		–	No.	(%) 258	(68.1) 122	(63.0) 136	(72.3)
Infarct-related	artery	–	No.	(%)
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	–	No.	(%)
	 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	–	No.	(%)
 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)
Laboratory	values	at	admission
		CK,	median	(IQR),	U/l 129	(83–210) 133	(87–260) 123	(82–181)
		Myocardial	band	of	CK,	median	(IQR),	U/l 	16	(13–25) 16	(13–29) 16	(12–23)
		Creatinine,	median		(IQR),	μmol/l 72	(62–82) 71	(61–84) 72	(63–80)
Laboratory	values	at	admission
		NT-proBNP,	median	(IQR),	ng/l 81	(40–200) 83	(41–235) 79	(38–176)
		Glucose,	median	(IQR),	mmol/l 8.2	(7.0–9.6) 8.2	(7.0–9.4) 8.4	(7.2–9.8)
		HbA1c,	median	(IQR),	% 5.8	(5.6–6.0) 5.8	(5.6–6.1) 5.8	(5.6–6.0)

SD	denotes	standard	deviation;	PCI,	percutaneous	coronary	intervention;	IQR,	interquartile	range;	TIMI,	
Thrombolysis	in	Myocardial	Infarction;	CK,	creatine	kinase;	NT-proBNP,	N-terminal	pro	brain	natriuretic	peptide;	
HbA1c,	glycated	hemoglobin.	
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of	colinearity).	χ2	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<0.05	 was	 considered	 to	
indicate	a	significant	difference	between	groups.	Analyses	were	performed	
with	Stata	version	12.0	(StataCorp).

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 
Patients	could	be	excluded	for	more	than	1	reason;	the	primary	reason	for	exclusion	in	each	
case	 is	shown.	Abbreviations:	CABG	denotes	coronary	artery	bypass	graft;	 ICD,	 implantable	
cardioverter-defibrillator;	 LVEF,	 left	 ventricular	 ejection	 fraction;	 MRI,	 magnetic	 resonance	
imaging;	STEMI,	ST-segment	elevationmyocardial	infarction;	TIMI,	Thrombolysis	in	Myocardial	
Infarction;	PCI,	percutaneous	coronary	intervention.

1473 patients presented vias STEMI protocol

1093 Excluded
 1043 Were not eligible
  149 Had a prior myocardial infarction
  131 Had a contraindication for MRI scanning
  130 Had a final diagnosis other than STEMI
  128 Had known diabetes mellitus
  113 Were considered for CABG
  110 Were on mechanical ventilation
    88 Received a stent with a diamater <3.0 mm
    48 Had duration of symptoms > 12 hours
    37 Residency outside the referral area
    36 Medical condition precluding participation
    31 Did not receive astent
    18 Were too unwell for consent
    12 Language barrier
    11 Severe renal function impairment
      1 Had TIMI flow post PCI <2
    50 Declined to participate
    13 Were enrolled in a different trial
  

380 Randomized after successful infarct-artery PCI  

191 Were randomized to receive metformin
 191 Received metformin as randomized 

189 Were randomized to receive placebo
 189 Received placebo as randomized 

136 Underwent cardiac MRI at 4 months
 55 Did not undergo cardiac MRI
  17 Suffered from claustrophobia
  21 Refused to undergo MRI scanning
    7 Had a contraindication for MRI
    5 Underwent CABG surgery
    2 Received and ICD or pacemaker
    2 Did not fit into MRI
    1 Could not tolerate MRI sound 

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 

136 Had LVEF assessed with cardiac MRI and were        
        included in primary analysis
 53 Excluded
  50 Did not undergo cardiac MRI
    3 Insufficient image quality 

139 Underwent cardiac MRI at 4 months
 50 Did not undergo cardiac MRI
  19 Suffered from claustrophobia
  14 Refused to undergo MRI scanning
    7 Had a contraindication for MRI
    5 Underwent CABG surgery
    2 Received and ICD or pacemaker
    2 Did not fit into MRI
    1 Withdrew consent 
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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	obtained,	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	 written	 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	balanced	in	the	
2	treatment	groups	(Table 1).	The	median	time	from	the	onset	of	symptoms	
to	first	coronary	intervention	was	161	minutes	(IQR,	109–250).	The	median	
time	of	administration	of	the	first	dose	of	study	treatment	after	first	coronary	
intervention	was	102	minutes	in	the	metformin	group	(IQR,	81min–133min)	
and	 100	minutes	 in	 the	 control	 group	 (IQR,	 78min–134min)	 (P=0.27).	 The	
median	 duration	 of	 exposure	 to	 study	 medication	 was	 124	 days	 in	 the	
metformin	group	(IQR,	119d–125d)	and	124	days	in	the	control	group	(IQR,	
120d–125d)	 (P=0.14).	 The	 rate	 of	 premature	 discontinuation	 of	 the	 study	
drug	was	similar	between	the	metformin	and	placebo	groups	(16%	vs	13%;	
P=0.42).	Further	details	on	the	medical	therapy	at	discharge	are	reported	in	
eTable 1	in	the	online	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	remaining	patients,	the	MRI	core	laboratory	
considered	4	scans	to	be	of	insufficient	quality.	On	average,	patients	with	MRI	
data	were	on	average	younger,	more	often	male,	less	often	current	smokers,	
had	 lower	 systolic	 blood	pressure,	 less	 often	had	multivessel	 disease,	 and	
more	 often	 had	 better	 angiographic	 PCI	 outcome,	 as	 reflected	 by	 TIMI	
flow	grade	3	after	PCI	(eTable 2	 in	the	online	Supplement).	There	were	no	
baseline	differences	between	the	2	treatment	groups	(eTable 3	in	the	online	
Supplement).
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Primary End Point Measure
Left	ventricular	ejection	fraction	4	months	after	randomization	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=0.10)	 (Table 2).	Additional	
sensitivity	 analysis,	 adjusting	 for	 age,	 sex,	 baseline	 NT-proBNP	 level,	 and	
myocardial	 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	multiple	 imputations.	The	

Figure 2. Estimated Effect of Metformin Compared With Placebo on Left Ventricular Ejection 
Fraction (LVEF) According to Prespecified Subgroups	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.	Abbreviations:	BMI	denotes	body	mass	 index;	HbA1c,	 glycated	
hemoglobin;	MI,	myocardial	infarction;	NT-proBNP,	N-terminal	pro-brain	natriuretic	peptide;	
PCI,	percutaneous	coronary	intervention;	TIMI,	Thrombolysis	in	Myocardial	Infarction.
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treatment	 effect	 on	 LVEF	 was	 also	 similar	 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	
a	continuous	scale,	no	evidence	for	interaction	with	the	effect	of	metformin	
was	observed	(interaction	coefficient,	0.03	[95%	CI,	−0.11	to	0.17];	P=0.69),	
suggesting	that	this	finding	is	attributable	to	chance.

Secondary End Point Measures
The	 NT-proBNP	 concentration	 at	 4	 months	 after	 infarction,	 a	 principal	
secondary	 efficacy	 measure,	 was	 available	 in	 320	 patients	 (84.4%).	 The	
concentration	of	NT-proBNP	was	not	different	between	the	2	groups,	with	a	
median	of	167	ng/l	(IQR,	65–393	ng/l)	for	the	metformin	group	and	167ng/l	
(IQR,	74–375	ng/l)	for	the	placebo	group	(P=0.66).	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=0.16).	There	were	also	no	differences	in	individual	end	points	
between	 the	 2	 treatment	 groups.	 There	 were	 no	 significant	 differences	
between	 the	 patients	who	 underwent	 primary	 end	 point	 assessment	 and	
those	who	did	not	undergo	MRI	 (eTable 4	 in	 the	online	Supplement).	The	
study	medication	was	generally	well	tolerated.	No	case	of	lactic	acidosis	and	
impaired	renal	function	was	diagnosed	during	follow-up.
	 Concentrations	of	creatinine,	glucose,	and	HbA1c	were	available	in	333	
(87.8%),	328	(86.5%),	and	317	(83.6%)	patients,	respectively.	The	creatinine	
concentration	at	4	months	was	comparable	between	the	metformin	group	
(79	µmol/l	[IQR,	70–87	µmol/l])	and	the	control	group	(79	µmol/l	[IQR,	72–89	
µmol/l])	 (P=0.61).	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/l)	in	the	placebo	group	(P=0.96).	
The	HbA1c	concentration	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=0.15).
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DISCUSSION

In	 this	 double-blind,	 randomized,	 controlled	 trial,	 in	 patients	 without	
diabetes	who	underwent	primary	PCI	for	STEMI,	treatment	with	500	mg	of	
metformin	administered	twice	daily	for	4	months	did	not	have	an	effect	on	
LVEF	or	NT-proBNP	levels,	compared	with	placebo.	Because	left	ventricular	
function	is	currently	regarded	as	the	most	important	predictor	of	morbidity	
and	mortality	after	STEMI,	it	is	unlikely	that	metformin	will	have	a	significant	
effect	on	long-term	outcome	after	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	 treatment.	 Our	 results	 did	 not	 confirm	 the	
effects	observed	in	experimental	studies.13–15	In	a	non-diabetic	rat	model	of	
myocardial	infarction	our	group	demonstrated	that	metformin	was	associated	
with	 a	 reduced	 infarct	 size	 of	 22%	 and	 a	 relative	 improvement	 in	 LVEF	 of	
52%	 as	 compared	 with	 placebo.13	 Another	 experimental	 study	 by	 Calvert	
and	 colleagues	demonstrated	 that	 administration	of	metformin	both	prior	
to	or	during	ischemia-reperfusion	was	effective	in	improving	left	ventricular	
function	in	a	mouse	model.15

	 Therefore,	in	our	attempt	to	translate	these	experimental	data	into	
clinical	situations,	we	included	patients	and	started	metformin	immediately	
after	PCI.	Furthermore,	because	experimental	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.13–15	In	addition,	in	
patients	with	established	type	2	diabetes,	metformin	is	indicated	as	standard	
treatment	according	to	current	guidelines;	therefore,	randomization	of	these	
patients	to	placebo	is	not	appropriate.24

	 Earlier	 preclinical	 studies	 reporting	 on	 the	 protective	 effects	 of	
metformin	were	mainly	performed	 in	animals	undergoing	occlusion	of	 the	
left	main	or	the	proximal	left	anterior	descending	coronary	artery,	resulting	
in	 a	 large	 area	 at	 risk.13–15	 To	decrease	heterogeneity	 of	 baseline	 LVEF,	we	
only	included	patients	presenting	with	their	first	acute	myocardial	infarction.	
Because	of	the	exclusion	of	patients	with	prior	myocardial	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	
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lower-risk	compared	with	real-life	practice.	The	exclusion	of	these	high-risk	
categories	might	have	 influenced	our	findings.8,9	However,	 in	our	subgroup	
analyses	and	in	our	sensitivity	analyses	adjusting	for	TIMI	flow	and	myocardial	
blush	 grade,	 we	 did	 not	 find	 any	 evidence	 that	 the	 effect	 of	 metformin	
treatment	was	dependent	on	the	area	at	risk.
	 Another	 potential	 reason	 for	 the	 lack	 of	 efficacy	 of	 metformin	 in	
our	 study	might	 have	been	 the	time	window	between	 coronary	occlusion	
and	 achieving	 effective	 plasma	 levels	 of	 metformin.	 On	 average,	 the	
administration	of	the	first	dose	of	study	medication	took	place	101	minutes	
after	coronary	intervention.	Considering	a	time	to	peak	plasma	concentration	
of	metformin	 after	 oral	 administration	 of	 approximately	 180	minutes,	 the	
average	time	between	PCI	and	the	achievement	of	effective	plasma	levels	was	
approximately	4	hours.25	Therefore,	our	study	does	not	exclude	a	potential	
beneficial	effect	of	effective	plasma	metformin	levels	during	reperfusion	or	
earlier.26

	 In	 a	 retrospective	 analysis,	 long-term	 metformin	 treatment	 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.18,27–29	 However,	 data	 derived	 from	
nonrandomized,	retrospective	studies	are	susceptible	to	prescribing	biases.	
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	release	after	intervention	and	a	favorable	1-year	
clinical	outcome.30	 In	experimental	animal	studies,	 the	beneficial	effects	of	
metformin	on	left	ventricular	function	and	myocardial	infarct	size	were	similar	
when	metformin	was	administered	prior	to	or	during	ischemia-reperfusion.15 

In	 additional	 subgroup	 analyses,	 we	 did	 not	 observe	 differences	 in	 the	
treatment	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	administered.	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	 randomization.	Another	 reason	not	 to	 choose	 the	highest	
possible	 dose	 are	 reports	 on	metformin-induced	 lactic	 acidosis,	 especially	
in	 acute	 conditions	 related	 to	 renal	 insufficiency.31,32	 Patients	 with	 STEMI	
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undergoing	 acute	 catheterization	 with	 contrast	 are	 indeed	 prone	 to	 the	
development	 of	 nephropathy,	 and	 safety	 data	 on	 high-dose	 metformin	
treatment	were	not	available.33	In	this	study,	there	was	no	evidence	of	lactic	
acidosis	or	impaired	renal	function.	However,	we	cannot	exclude	a	potential	
beneficial	effect	on	LVEF	of	high-dose	metformin	treatment.
	 Four	months	of	treatment	with	metformin	(500	mg	twice	daily)	did	
not	have	a	large	effect	on	glycemic	control.	Median	glucose	and	HbA1c	levels	
did	not	differ	between	patients	receiving	metformin	compared	with	placebo	
(P=0.96	and	P=0.15,	respectively).	 In	the	CAMERA	(Carotid	Atherosclerosis:	
Metformin	for	Insulin	Resistance)	study,	treatment	of	patients	with	coronary	
artery	disease	but	without	diabetes	using	metformin	(850	mg	twice	daily	for	
18	months)	resulted	in	a	small	but	significant	difference	of	−0.13%	in	HbA1c	
values.34	Recently,	a	systemic	review	of	antihyperglycemic	therapies	to	prevent	
the	onset	 of	 diabetes	 could	 not	 detect	 a	 significant	 effect	 of	metformin.35 

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	 established	 efficacy	 measure	 because	 it	 predicts	
MACE.36	Concentration	of	NT-proBNP	as	a	measure	strongly	relates	with	LVEF	
and	 clinical	 outcome.20,37,38	 By	 using	 these	 surrogate	 measures	 for	 clinical	
outcome	we	aimed	to	detect	an	effect	of	metformin	on	outcome.	Moreover,	
we	 anticipated	 that	 the	 number	 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	metformin	on	clinical	
outcome.

CONCLUSION

Among	patients	without	diabetes	presenting	with	STEMI,	metformin	did	not	
preserve	LVEF	compared	with	placebo.	A	 role	 for	metformin	 in	preventing	
heart	failure	after	myocardial	infarction	remains	unproven.
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eMethods  1
GIPS-III COMMITTEES AND INVESTIGATORS

GIPS-III Steering Committee:
All	 in	 the	Netherlands:	University	Medical	 Center	Groningen,	Groningen	 –	
I.C.C.	van	der	Horst	(chair),	D.J.	van	Veldhuisen,	E.	Lipsic,	P.	van	der	Harst,	R.A.	
de	Boer,	A.N.A.	van	der	Horst-Schrivers,	B.H.R.	Wolffenbuttel.

GIPS-III Writing Committee:
All	 in	 the	Netherlands:	University	Medical	 Center	Groningen,	Groningen	 –	
I.C.C.	van	der	Horst	(chair),	C.P.H.	Lexis,	D.J.	van	Veldhuisen,	E.	Lipsic,	P.	van	
der	Harst,	H.L.	Hillege,	Academic	Medical	Center,	Amsterdam	–	J.G.P.	Tijssen.

GIPS-III Data Safety Monitoring Board:
All	in	the	Netherlands:	Academic	Medical	Center,	Amsterdam	–	J.G.P	Tijssen	
(chair),	R.J.	de	Winter,	Wilhelmina	Hospital	Assen	–	A.J.	Risselada,	R.M.	de	
Jong,	R.K.	Gonera.

GIPS-III End point Adjudication Committee:
All	 in	 the	 Netherlands:	 Isala	 Klinieken,	 Zwolle	 –	 V.M.	 Roolvink,	 University	
Medical	Center	Groningen,	Groningen	–	A.P.	van	Beek,	F.	van	den	Berg.

GIPS-III Statistical analysis Committee:
All	 in	 the	Netherlands:	University	Medical	 Center	Groningen,	Groningen	 –	
P.	van	der	Harst,	H.L.	Hillege,	Academic	Medical	Center,	Amsterdam	–	J.G.P	
Tijssen.

GIPS-III Investigators:
All	in	the	Netherlands:	University	Medical	Center	Groningen,	Groningen	
I.C.C.	 van	 der	 Horst	 (principal	 investigator),	 C.P.H.	 Lexis,	 E.	 Lipsic,	 P.	 van	
der	 Harst,	 D.J.	 van	 Veldhuisen,	 W.G.	 Wieringa,	 R.A.	 de	 Boer,	 A.F.M.	 van	
den	Heuvel,	H.W.	van	der	Werf,	R.A.J.	Schurer,	G.	Pundziute,	E.S.	Tan,	H.M.	
Willemsen,	A.N.A.	van	der	Horst-Schrivers,	B.H.R.	Wolffenbuttel,	B.	Dorhout,	
H.L.	Hillege,	W.	Nieuwland,	P.	van	der	Meer,	R.A.	Tio,	J.	Coster,	Y.M.	Hummel,	
B.H.W.	 Molmans,	 G.J.	 ter	 Horst,	 R.	 Renken,	 A.J.	 Sibeijn-Kuiper;	 Meander	
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Medical	Center	–	B.J.G.L.	de	Smet,	VU	University	Medical	Center,	Amsterdam	
A.C.	van	Rossum,	R.	Nijveldt;	Academic	Medical	Center,	Amsterdam	–	J.G.P.	
Tijssen.

eMethods 2
DEFINITIONS OF CLINICAL END POINTS

Death
Mortality	 will	 be	 divided	 into	 cardiac	 and	 non-cardiac.	 Cardiac	 death	 will	
be	divided	 into	 three	 categories:	 heart	 failure,	 sudden	death	 and	other.	A	
cardiologist	 will	 confirm	 deaths	 from	 cardiovascular	 causes	 by	 examining	
medical	 records	obtained	 from	hospitals	 and	attending	physicians	or	 from	
attending	general	practitioner	 if	 the	patient	died	at	home.	Sudden	cardiac	
death	will	 be	defined	 as	 either	witnessed,	 or	 un-witnessed,	 cardiac	 arrest	
without	evidence	of	circulatory	collapse,	such	as	hypotension,	exacerbation	
of	congestive	heart	failure,	or	altered	mental	status,	before	the	disappearance	
of	the	pulse	or	abrupt	collapse	occurring	within	one	hour	of	the	onset	of	the	
symptoms	that	resulted	in	death.	Death	due	to	heart	failure	will	be	defined	
as	death	due	to	clinically	end-stage	heart	failure	during	hospital	admission	or	
by	exacerbation	of	congestive	heart	failure	reported	by	an	attending	general	
practitioner.	For	all	these	deaths,	no	probable	non-cardiac	cause	should	be	
suggested	by	the	history	or	autopsy.

Reinfarction
Any	case	of	new	infarction	occurring	after	the	index	percutaneous	coronary	
intervention	 (PCI)	 procedure	 will	 be	 regarded	 as	 a	 recurrent	 myocardial	
infarction.	In	all	cases	of	recurrent	myocardial	infarction,	troponin	T	or	I	may	
be	used	for	the	diagnosis	of	new	myocardial	infarction	in	the	absence	of	CK-
MB	at	 the	discretion	of	 the	End	point	Adjudication	Committee	 taking	 into	
consideration	all	available	clinical	and	laboratory	evidence	of	new	myocardial	
infarction.	A	recurrent	myocardial	 infarction	is	either	classified	as	STEMI	or	
Non-STEMI.	Each	myocardial	infarction,	regardless	of	being	classified	as	STEMI	
or	Non-STEMI,	can	also	be	classified	as	Stent	Thrombosis.	As	a	reference	for	
these	definitions	the	consensus	criteria	as	proposed	by	Cutlip	and	colleagues,	
(Circulation,	2007)	were	used.
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Recurrent STEMI is defined as:
-	 recurrent	signs	and	symptoms	of	ischemia	at	rest,	accompanied	by	new	

or	 recurrent	 ST-segment	 elevations	 of	 at	 least	 0.1	 mV	 in	 at	 least	 two	
contiguous	leads	lasting	at	least	30	minutes,	and;

-	 typical	 rise	 and	 fall	 of	 biochemical	 markers	 of	 myocardial	 necrosis	
(including	 troponin,	CK-MB,	CK)	 to	above	 the	upper	 limit	of	normal	 (or	
if	 markers	 already	 elevated,	 greater	 than	 50%	 of	 the	 lowest	 recovery	
enzyme	level	from	the	index	infarction).

Recurrent Non-STEMI is defined as:
-	 recurrent	signs	and	symptoms	of	ischemia	at	rest,	accompanied	by	new	or	

recurrent	ST-segment	elevations	not	meeting	criteria	for	STEMI	lasting	at	
least	30	minutes,	and;

-	 typical	 rise	 and	 fall	 of	 biochemical	 markers	 of	 myocardial	 necrosis	
(including	 troponin,	CK-MB,	CK)	 to	above	 the	upper	 limit	of	normal	 (or	
if	 markers	 already	 elevated,	 greater	 than	 50%	 of	 the	 lowest	 recovery	
enzyme	level	from	the	index	infarction).

Stent Thrombosis is defined as:
-	 confirmation	of	stent	thrombosis	by	angiography	with	either	an	occlusive	

or	non-occlusive	thrombus,	and;
-	 pathological	 confirmation	 of	 recent	 thrombus	 after	 autopsy	 or	 visual	

confirmation	of	recent	thrombus	after	thrombectomy,	and;
-	 acute	onset	of	ischemic	symptoms	at	rest	or	new	ischemic	ECG	changes	

that	suggest	acute	ischemia	or	typical	rise	and	fall	of	biochemical	markers	
of	myocardial	necrosis	(including	troponin,	CK-MB,	CK)	to	above	the	upper	
limit	of	normal	(or	if	markers	already	elevated,	greater	than	50%	of	the	
lowest	recovery	enzyme	level	from	the	index	infarction).

Recurrent coronary interventions
As	a	 reference	 for	 these	definitions	 the	 consensus	 criteria	as	proposed	by	
Cutlip	 and	 colleagues,	 (Circulation,	 2007)	 were	 used.	 Recurrent	 coronary	
interventions	will	be	classified	as	being	either	ischemia-driven	interventions	
(including	myocardial	infarctions)	or	interventions	solely	based	on	baseline,	
pre-study	treatment,	angiography	and	clinical	information.
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Target lesion revascularizationwas defined as:
-	 new	therapeutic	percutaneous	coronary	intervention	(PCI)	after	the	index	

procedure,	in	the	same	coronary	segment	(defined	as	the	treated	segment	
from	5	mm	proximal	to	the	stent	and	to	5	mm	distal	to	the	stent)	treated	
during	the	index	procedure.

Target vessel revascularization was defined as:
-	 new	therapeutic	percutaneous	coronary	intervention	(PCI)	after	the	index	

procedure,	 in	 the	 same	 coronary	 artery	 (which	 includes	 upstream	 and	
downstream	branches),	but	not	in	the	same	coronary	segment	(defined	as	
the	treated	segment	from	5	mm	proximal	to	the	stent	and	to	5	mm	distal	
to	the	stent)	treated	during	the	index	procedure.

Non-target vessel revascularization was defined as:
-	 new	 therapeutic	 percutaneous	 coronary	 intervention	 (PCI)	 after	 the	

index	procedure,	in	a	different	coronary	artery	treated	during	the	index	
procedure.

Coronary artery bypass grafting was defined as:
-	 new	therapeutic	coronary	artery	bypass	grafting	(CABG)	after	the	 index	

procedure.

Stroke
Stroke	is	defined	as	the	presence	of	a	new	focal	neurologic	deficit	thought	
to	be	vascular	in	origin	with	signs	or	symptoms	lasting	more	than	24	hours.	
Stroke	is	further	classified	as	ischemic,	hemorrhagic	or	type	uncertain.

Hospitalization for heart failure
The	following	definition	is	used	to	classify	hospitalization	for	heart	failure:
-	 an	overnight	stay	after	discharge	from	the	index	event	with	different	dates	

of	admission	and	discharge,	and;
-	 signs	and	 symptoms	consistent	with	heart	 failure,	 confirmed	by	clinical	

findings	and	laboratory	parameters,	and;
-	 no	alternative	clinical	explanation	for	the	signs	and	symptoms.
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Hospitalization for chest pain
The	following	definition	is	used	to	classify	hospitalization	for	chest	pain:
-	 an	overnight	stay	after	discharge	from	the	index	event	with	different	dates	

of	admission	and	discharge,	and;
-	 recurrent	signs	and	symptoms	of	suggestive	of	ischemia,	and;
-	 absence	 of	 new	 or	 recurrent	 ST-segment	 elevations	 or	 depression	

suggestive	of	MI,	and;
-	 no	rise	of	biochemical	markers	of	myocardial	necrosis	(including	troponin,	

CK-MB,	 CK)	 to	 above	 the	 upper	 limit	 of	 normal	 (or	 if	 markers	 already	
elevated,	greater	than	50%	of	the	lowest	recovery	enzyme	level	from	the	
index	infarction),	and;

-	 no	alternative	clinical	explanation	for	the	signs	and	symptoms.

Internal Cardiac Defibrillator implantation
The	following	definition	is	used	to	classify	Internal	Cardiac	Defibrillator	(ICD)	
implantation:
-	 implantation	of	an	ICD	after	the	index	event.

Lactic Acidosis
The	following	definition	is	used	to	classify	lactic	acidosis:
-	 acidosis	(pH	<	7.35),	and;
-	 lactate	levels	>	5	mmol/l.
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eTable 1. Medical	Therapy	at	Hospital	Discharge

Drug	Category Total	
(n=379)

Metformin	
(n=191)

Control	
(n=188) P	Value

Aspirin,		No.	(%) 367	(96.8) 184	(96.3) 183	(97.3) 0.58

Acenocoumarol,	No.	(%) 20	(5.3) 13	(6.8) 7	(3.7) 0.18

Thienopyridines	–	No.	(%) 379	(100) 191	(100) 188	(100) 1.00

	 Clopidogrel 271	(71.5) 135	(70.7) 136	(72.0) 0.82

	 Prasugrel 4	(1.1) 1	(0.5) 3	(1.6) 0.37

	 Ticagrelor 105	(27.7) 55	(28.8) 50	(26.5) 0.65

ACE-inhibitor	or	ARB,	No.	(%) 301	(79.4) 158	(82.7) 143	(76.1) 0.11

Beta-blocker,	No.	(%) 363	(95.8) 179	(93.7) 184	(97.4) 0.14

Calcium-channel	blocker,	No.	(%) 12	(3.2) 9	(4.7) 3	(1.6) 0.083

Aldosteron-recept	antagonist,	No.	(%) 38	(10.0) 25	(13.1) 13	(6.9) 0.045

Diuretic,	No.	(%) 12	(3.2) 8	(4.2) 4	(2.1) 0.25

Statin,	No.	(%) 377	(99.5) 190	(99.5) 187	(99.5) 0.99

Insulin,	No.	(%) 5	(1.3) 4	(2.1) 1	(0.5) 0.18

Oral	antihyperglycemic	agent,	No.	(%) 5	(1.3) 2	(0.5) 3	(1.6) 0.31

Medical	therapy	at	hospital	discharge	for	either	discharge	home,	or	transfer	to	a	referring	hospital.	
Abbreviations:	ACE	denotes	angiotensin	converting	enzyme;	ARB,	angiotension-receptor	blocker.
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eTable 2. Baseline	Characteristics	of	the	Population	that	underwent	
Primary	End	Point

Characteristic Total	(n=271) Metformin	
(n=135)

Control	
(n=136)

Age,	mean	(SD),	years 57.7±11.6) 57.6±11.7 57.8±11.5
Female	sex	–	No.	(%) 58	(21.4) 28	(20.7) 30	(22.1)
Body-mass	Index,	mean	(SD),	kg/m2 26.9±3.5 26.9±3.7 26.9±3.3
Race	or	ethnic	group	–	No.	(%)
		Caucasian 257	(94.8) 129	(95.6) 128	(94.1)
		Asian 10	(3.7) 5	(3.7) 5	(3.7)
		Black 4	(1.5) 1	(0.7) 3	(2.2)
Cardiovascular	related	history	–	No.	(%)
		Hypertension 75	(27.7) 41	(30.4) 34	(25.0)
		Dyslipidemia 168	(62.0) 77	(57.0) 91	(66.9)
		Current	smoking 139	(51.3) 73	(54.1) 66	(48.5)
		Stroke 1	(0.4) 1	(0.7) 0
		Peripheral	artery	disease 0 0 0
		Previous	PCI 4	(1.5) 1	(0.7) 3	(2.2)
Blood	pressure,	mean	(SD),	mmHg
		Systolic 132±22 133±21 132±23
		Diastolic 84±15 85±15 83±15
Heart	rate,	mean	(SD),	beats/min 76±16 76±15 76±16
Ischemia	time,	median	(IQR),	min 155	(105–240) 163	(109–266) 147	(102–221)
Single	vessel	disease		–	No.	(%) 195	(72.0) 93	(68.9) 102	(75)
Infarct-related	artery	–	No.	(%)

Left	main 0 0 0
Left	anterior	descending	coronary	artery 111	(41.0) 55	(40.7) 56	(41.2)
Left	circumflex	coronary	artery 46	(17.0) 	21	(15.6) 25	(18.4)
Right	coronary	artery 114	(42.1) 59	(43.7) 55	(40.4)

Infarct-related	artery	TIMI	flow	–	No.	(%)
Preintervention	grade

  0 153	(56.5) 72	(53.3) 81	(59.6)
  1 21	(7.7) 10	(7.4) 11	(8.1)
  2 47	(17.3) 30	(22.2) 17	(12.5)
  3 50	(18.5) 23	(17.0) 27	(19.9)

Postintervention	grade
  2 17	(6.3) 10	(7.4) 7	(5.1)
  3 254	(93.7) 125	(92.6) 129	(94.9)
Myocardial	blush	grade	–	No.	(%)
 0 5	(1.9) 1	(0.8) 4	(2.9)
 1 19	(7.1) 11	(8.3) 8	(5.9)
 2 57	(21.2) 28	(21.1) 29	(21.3)
 3 188	(69.9) 93	(69.9) 95	(69.9)
Laboratory	values	at	admission
		CK,	median	(IQR),	U/l 134	(92–215) 143	(93–280) 127	(89–184)
		Myocardial	band	of	CK,	median	(IQR),	U/l 17	(13–25) 18	(14–33) 13	(13–23)
		Creatinine,	median		(IQR),	μmol/l 72	(64–82) 71	(62–85) 73	(64–80)
		NT-proBNP,	median	(IQR),	ng/l 80	(38–188) 80	(39–238) 80	(38–178)
		Glucose,	median	(IQR),	mmol/l 8.2	(7.2–9.5) 8.5	(6.9–9.6) 8.1	(7.0–9.3)
		HbA1c,	median	(IQR),	% 5.8	(5.6–6.0) 5.8	(5.6–6.1) 5.9	(5.7–6.1)
Abbreviations:	 SD	 denotes	 standard	 deviation;	 PCI,	 percutaneous	 coronary	 intervention;	 IQR,	
interquartile	 range;	 TIMI,	 Thrombolysis	 in	 Myocardial	 Infarction;	 CK,	 creatine	 kinase;	 NT-proBNP,	
N-terminal	pro	brain	natriuretic	peptide;	HbA1c,	glycated	hemoglobin.
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eTable 3. Baseline	Characteristics	of	the	Groups	that	did	and	did	not	
undergo	Primary	End	Point	Assessment	

Characteristic Total	(n=379) LVEF	by	MRI	
(n=271)

No	LVEF	by	
MRI	(n=108)

Age,	mean	(SD),	years 58.8±11.6	 57.7±11.6) 61.5±11.4
Female	sex	–	No.	(%) 95	(25.1) 58	(21.4) 37	(34.3)
Body-mass	Index,	mean	(SD),	kg/m2 27.0±3.8 26.9±3.5 27.1±4.6
Race	or	ethnic	group	–	No.	(%)
		Caucasian 365	(96.3) 257	(94.8) 108	(100)
		Asian 10	(2.6) 10	(3.7) 0
		Black 4	(1.1) 4	(1.5) 0
Cardiovascular	related	history	–	No.	(%)
		Hypertension 112	(30.0) 75	(27.7) 37(34.3)
		Dyslipidemia 239	(63.1) 168	(62.0) 71	(65.7)
		Current	smoking 209	(55.1) 139	(51.3) 70	(64.8)
		Stroke 3	(0.8) 1	(0.4) 2	(1.9)
		Peripheral	artery	disease 0 0 0
		Previous	PCI 3	(0.8) 4	(1.5) 0
Blood	pressure,	mean	(SD),	mmHg
		Systolic 134±23 132±22 138±26
		Diastolic 84±15 84±15 84±15
Heart	rate,	mean	(SD),	beats/min 76±16 76±16 76±18
Ischemia	time,	median	(IQR),	min 161	(109–250) 155	(105–240) 177	(122–262)
Single	vessel	disease		–	No.	(%) 258	(68.1) 195	(72.0) 63	(58.3)
Infarct-related	artery	–	No.	(%)

Left	main 0 0 0
Left	anterior	descending	coronary	artery 146	(38.5) 111	(41.0) 35	(32.4)
Left	circumflex	coronary	artery 64	(16.9) 46	(17.0) 18	(16.7)
Right	coronary	artery 169	(44.6) 114	(42.1) 55	(50.9)

Infarct-related	artery	TIMI	flow	–	No.	(%)
	 Preintervention	grade
  0 208	(54.9) 153	(56.5) 55	(50.9)
  1 27	(7.1) 21	(7.7) 6	(5.6)
  2 66	(17.4) 47	(17.3) 19	(17.6)
  3 78	(20.6) 50	(18.5) 28	(25.9)
	 Postintervention	grade
  2 34	(9.0) 17	(6.3) 17	(15.7)
  3 345	(91.0) 254	(93.7) 91	(84.3)
Myocardial	blush	grade	–	No.	(%)
 0 10	(2.6) 5	(1.9) 5	(4.7)
 1 29	(7.7) 19	(7.1) 10	(9.3)
 2 74	(19.5) 57	(21.2) 17	(15.9)
 3 263	(69.4) 188	(69.9) 75	(70.1)
Laboratory	values	at	admission
		CK,	median	(IQR),	U/l 129	(83–210) 134	(92–215) 108	(72–191)
		Myocardial	band	of	CK,	median	(IQR),	U/l  16	(13–25) 17	(13–25) 15	(11–23)
		Creatinine,	median		(IQR),	μmol/l 72	(62–82) 72	(64–82) 71	(60–81)
		NT-proBNP,	median	(IQR),	ng/l 81	(40–200) 80	(38–188) 83	(40–217)
		Glucose,	median	(IQR),	mmol/l 8.2	(7.0–9.6) 8.2	(7.2–9.5) 8.3	(7.3–10.3)
		HbA1c,	median	(IQR),	% 5.8	(5.6–6.0) 5.8	(5.6–6.0) 5.8	(5.6–6.1)
Abbreviations:	 SD	 denotes	 standard	 deviation;	 PCI,	 percutaneous	 coronary	 intervention;	 IQR,	
interquartile	 range;	 TIMI,	 Thrombolysis	 in	 Myocardial	 Infarction;	 CK,	 creatine	 kinase;	 NT-proBNP,	
N-terminal	pro	brain	natriuretic	peptide;	HbA1c,	glycated	hemoglobin.
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eTable 4. Clinical	Outcomes	at	4	Months	by	Primary	End	Point	Assessment

No.	(%)

Outcome Total	 
(n=379)

LVEF	
by	MRI	
(n=271)

No	LVEF	
by	MRI	
(n=108)

P-Value

Death,	reinfarction	or	target	lesion	
revascularization 8	(2.1) 6	(2.2) 2	(1.9) 0.82

Death 0 0 0
Reinfarction 7	(1.8) 5	(1.8) 2	(1.9) 1.00
		ST-segment	elevation	myocardial	infarction 2	(0.5) 1	(0.4) 1	(0.9) 0.50

		Non-ST-segment	elevation	myocardial	infarction 5	(1.3) 4	(1.5) 1	(0.9) 0.67

		Stent	thrombosis 3	(0.8) 2	(0.7) 1	(0.9) 0.85
Ischemia	driven	reintervention 15	(4.0) 11	(4.1) 4	(3.7) 0.87
		Target	lesion	revascularization 4	(1.1) 3	(1.1) 1	(0.9) 0.87
		Target	vessel	revascularization 3	(0.8) 1	(0.4) 2	(1.9) 0.15
		Non-target	vessel	revascularization 8	(2.1) 7	(2.6) 1	(0.9) 0.32
		Coronary	artery	bypass	grafting 1	(0.3) 0 1	(0.9) 0.12
Hospitalization	for	heart	failure 2	(0.5) 1	(0.4) 1	(0.9) 0.50
Hospitalization	for	chest	pain 24	(6.3) 19	(7.0) 5	(4.6) 0.39
Internal	cardiac	defibrillator	implantation 3	(0.8) 2	(0.7) 1	(0.9) 0.85
Stroke 1	(0.3) 0 1	(0.9) 0.11
Diabetes 59	(15.6) 41	(15.4) 18	(21.4) 0.32
Definitions	are	available	in	eMethods 2.
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ABSTRACT

Objective:
In	patients	with	diabetes	mellitus,	metformin	 treatment	 is	associated	with	
reduced	 mortality	 and	 attenuation	 of	 cardiovascular	 risk.	 We	 evaluated	
whether	metformin	treatment	in	STEMI	patients	without	diabetes	improves	
the	cardiovascular	risk	profile.

Methods:
A	total	of	380	patients,	without	known	diabetes,	presenting	with	STEMI	were	
randomly	allocated	to	receive	metformin	500	mg	twice	daily	or	placebo	for	
4	months.

Results:
After	4	months	the	cardiovascular	risk	profile	of	patients	receiving	metformin	
(n	 =	 172)	was	 improved	 compared	 to	 placebo	 (n=174);	HbA1c	 (5.83%	 [95	
CI	 5.79–5.87%]	 vs.	 5.89%	 [95%	 CI	 5.85–5.92%]	 (40.2	 mmol/mol	 [95%	 CI	
39.8	–40.6	mmol/mol	 vs.	 40.9	mmol/mol	 [40.4–41.2	mmol/mol,	 P=0.049),	
total	cholesterol	(3.85	mmol/L	[95%	CI	3.73–3.97	mmol/L]	vs.	4.02	mmol/L	
[95%	CI	3.90–4.14	mmol/L],	P=0.045),	LDL-cholesterol	(2.10	mmol/L	[95%	CI	
1.99–2.20	mmol/L])	 vs.	 2.3	mmol/L	 [95%	CI	 2.20–2.40	mmol/L],	 P=0.007),	
body	weight	(83.8	kg	[95%	CI	83.0–84.7	kg]	vs.	85.2	kg	[95%	CI	84.4–86.1	kg],	
P=0.024),	BMI	(26.8	kg/m2	[95%	CI	26.5–27.0	kg/m2]	vs.	27.2	kg/m2	[95%	CI	
27.0–27.5	kg/m2],	P=0.014).	Levels	of	fasting	glucose,	post-challenge	glucose,	
insulin,	HDL-cholesterol,	and	blood	pressure	were	similar	both	groups.

Conclusion:
Among	patients	with	STEMI	without	diabetes,	treatment	with	metformin	for	
4	months	resulted	in	a	more	favorable	cardiovascular	risk	profile	compared	
to	placebo.
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INTRODUCTION

After	 ST-segment	 elevation	 myocardial	 infarction	 (STEMI)	 secondary	
prevention	therapies	as	 recommended	by	current	guidelines	such	as	beta-
blockers,	 angiotensin-converting	 enzyme	 inhibitors,	 platelet	 aggregation	
inhibitors	 (acetylsalicylic	 acid	 and	 others),	 and	 lipid	 lowering	 drugs	 all	
have	 been	 proven	 to	 reduce	 mortality	 and	 attenuate	 cardiovascular	 risk	
profile.1	In	addition	to	the	targeted	substrates	by	current	therapies,	such	as	
blood	 pressure,	 neuroendocrine	 activation,	 and	 increased	 thrombogenity,	
glycometabolic	 dysregulation	 is	 strongly	 associated	with	 adverse	 outcome	
after	 STEMI.2	 Impaired	 fasting	 glucose	 and	 insulin	 resistance	 is	 associated	
with	impaired	prognosis,	even	at	levels	of	dysglycemia	not	yet	diagnostic	of	
diabetes	mellitus.3–5	 Dysglycemia	 is	 common	 in	 STEMI	 patients	 –	 as	much	
as	one	 in	every	 four	patients	have	undiagnosed	diabetes	and	up	to	one	 in	
every	two	patients	has	prediabetes.6	Although	glycometabolic	dysregulation	
is	both	common	and	strongly	associated	with	adverse	outcomes	after	STEMI,	
it	nonetheless	is	not	a	target	of	current	pharmacotherapy.
	 Metformin	is	an	effective	glucose	lowering	biguanide	and	currently	
the	most	widely	 used	 oral	 antihyperglycemic	 agent.7	Metformin	 has	 been	
shown	to	improve	cardiovascular	outcome,	with	a	benefit	that	exceeds	the	
benefit	that	may	be	expected	solely	by	blood	glucose	lowering.8–17	In	patients	
with	diabetes	mellitus	and	cardiovascular	disease,	metformin	was	associated	
with	 reduced	 all-cause	 mortality	 compared	 to	 other	 antihyperglycemic	
strategies.9–12	Long-term	metformin	treatment	in	patients	at	risk	for	or	with	
diabetes	 improved	 cardiovascular	 risk	 profile	 mediated	 by	 weight	 loss,	
improved	 insulin	 resistance,	 reduction	of	 the	metabolic	 syndrome,	 and	by	
lowering	total	and	 low-density	 lipoprotein	(LDL)	cholesterol.13–20	Further,	 in	
patients	at	risk	for	diabetes,	but	without	cardiovascular	disease,	metformin	
reduced	diabetes	development	with	30–40%.13–15

	 We	aimed	 to	evaluate	 if	metformin	 treatment,	on	 top	of	 standard	
care,	would	improve	cardiovascular	risk	in	non-diabetic	patients.	We	therefore	
conducted	 this	prespecified	subanalysis	 in	 the	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)	study,	that	enrolled	patients	without	
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diabetes	who	underwent	primary	percutaneous	coronary	intervention	(PCI)	
for	STEMI.

METHODS

The	study	design	and	baseline	characteristics	of	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	have	been	reported	previously.21,22	In	brief,	
patients	 presenting	 at	 the	 University	 Medical	 Center	 Groningen	 between	
January	1,	2011,	and	May	26,	2013	who	underwent	acute	catheterization	for	
suspicion	of	STEMI,	were	considered	for	this	trial.	Patients	older	than	18	years	
who	underwent	a	successful	primary	PCI	with	implantation	of	at	least	1	stent	
were	eligible.	Exclusion	criteria	were	known	diabetes	(defined	as	documented	
history	of	diabetes,	 current	use	of	antihyperglycemic	medication	or	verbal	
confirmation	by	the	patient,	or	an	HbA1c	of	≥6.5%	[48	mmol/mol]	prior	to	
admission),23	previous	myocardial	infarction,	severe	renal	dysfunction,	need	
for	coronary	artery	bypass	grafting,	conditions	resulting	in	inability	to	provide	
informed	consent,	and	conditions	that	interfered	with	the	ability	to	comply	
with	the	protocol.
	 The	 study	 protocol	 was	 in	 accordance	 with	 the	 Declaration	 of	
Helsinki	(Fortaleza,	2013),	Dutch	laws,	and	was	approved	by	the	local	ethics	
committee	(Groningen,	the	Netherlands)	and	national	regulatory	authorities.	
The	study	received	financial	support	from	the	Netherlands	Organization	for	
Medical	Research	(ZonMw;	grant	nr.	95103007);	the	funding	source	had	no	
role	in	the	study.

Procedures
The	study	procedures	and	main	outcomes	have	been	described	in	detail.21,22	

In	short,	immediately	after	coronary	angiography	and	subsequent	coronary	
intervention,	379	patients	were	randomly	allocated	to	metformin	500	mg	or	
visually	matching	placebo,	both	administered	twice	daily.	Patients	provided	
verbal	 informed	 consent	 during	 the	 PCI	 procedure	 and	 the	 first	 dose	was	
administered	immediately	after	arrival	at	the	Coronary	Care	Unit	(CCU).
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	 At	 admission,	 body	weight,	 height,	 blood	 pressure	 and	 heart	 rate	
were	 measured,	 and	 body	 mass	 index	 (BMI)	 was	 calculated.	 Blood	 was	
drawn	during	primary	PCI	and	blood	glucose,	glycated	hemoglobin	(HbA1c),	
insulin,	creatinine,	and	cholesterol	 levels	were	assessed.	A	detailed	history	
including	 cardiovascular	 risk	 profile	 was	 assessed	 during	 hospitalization.	
Patients	arriving	at	the	CCU	between	00:00	AM	and	08:59	PM	were	subjected	
to	 a	 standardized	 oral	 glucose	 tolerance	 test	 (OGTT)	with	 75	 g	 of	 glucose	
(dissolved	 in	200	mL	water)	 the	following	morning.23 In	patients	arriving	at	
the	CCU	between	09:00	PM	and	23:59	PM,	 the	OGTT	was	performed	 the	
second	morning	 after	 admission.	During	 the	OGTT	 in	 the	 CCU	 all	 patients	
had	already	taken	at	least	one	to	maximally	four	tablets	of	study	medication.	
All	 patients	 received	 standard	medication	 according	 to	 current	 guidelines,	
received	 counselling	 on	 diet,	 smoking,	 and	 lifestyle	 and	 were	 offered	 a	
cardiac	 rehabilitation	 program.1,24	 Patients	 who	were	 diagnosed	with	 new	
onset	diabetes	were	seen	by	an	endocrinologist.
	 Patients	visited	the	outpatient	clinic	two	weeks,	seven	weeks	and	four	
months	after	discharge.	At	four	months,	a	standardized	OGTT	was	performed	
after	 an	overnight	 fast	 of	 at	 least	 eight	 hours.	 In	 order	 to	 assess	whether	
the	 study	medication	actually	affected	underlying	dysglycemia	 rather	 than	
masking	 its	 presence,	 the	 OGTT	 was	 scheduled	 at	 least	 three	 days	 after	
stopping	the	study	medication.

End points and definitions
Primary	outcomes	 in	 this	prespecified	analysis	 from	 the	GIPS-III	 trial	were	
levels	 of,	 and	 change	 in	 HbA1c,	 fasting	 glucose,	 post-challenge	 glucose,	
insulin	 levels,	 cholesterol	 levels,	 body	weight,	 BMI,	 and	 blood	 pressure	 at	
four	months,	adjusting	for	baseline	levels.
	 Analysis	 of	 glucose,	 hemoglobin,	 creatinine,	 and	 total	 cholesterol,	
LDL	cholesterol,	high	density	lipoprotein	(HDL)	cholesterol	was	performed	as	
part	of	standard	care	on	standard	laboratory	assays	(Roche	Modular,	Roche	
Mannheim,	Germany).	HbA1c	was	measured	using	an	immunochemical	assay	
(Tosoh	G8,	 Tosoh	 Bioscience	 Inc,	 South	 San	 Francisco,	 USA).	 Insulin	 levels	
were	determined	post-hoc	from	blood	samples	stored	at	-80	degrees	Celsius	
on	a	chemoluminescence	 immuno	assay	 (Architect	 i2000	SR	 Immunoassay	
analyser,	Abbott	Diagnostics,	Abbott	Park	Illinois,	USA,	Blood	samples,	other	
than	specific	glucose	samples	for	assessment	of	fasting	glucose,	were	non-
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fasting	samples.
	 An	 independent	 end	 point	 adjudication	 committee,	 blinded	 to	
treatment	allocation,	using	data	on	HbA1c	levels,	OGTT,	and	use	of	medication,	
assessed	 diabetic	 state.	 Diabetes	 was	 defined	 as	 an	 HbA1c	 of	 ≥6.5%	 (48	
mmol/mol),	 and/or	 a	 fasting	 blood	 glucose	 of	 ≥7.0	 mmol/L	 and/or	 a	 2-h	
post-challenge	 blood	 glucose	 concentration	 of	 ≥11.1	mmol/L;	 prediabetes	
as	an	HbA1c	between	5.7%	(39	mmol/mol)	and	6.4%	(47	mmol/mol),	and/
or	a	 fasting	blood	glucose	of	5.6–6.9	mmol/L,	 and/or	a	120	minutes	post-
challenge	blood	glucose	7.8–11.0	mmol/L;	patients	not	meeting	any	of	these	
criteria	were	classified	as	normoglycemic.23

Statistical analyses
Continuous	 variables	 are	 reported	 as	means±SD	 or	medians	 [interquartile	
range,	 IQR]	 for	 normally	 and	 non-normally	 distributed	 data,	 respectively.	
Differences	 between	 groups	 were	 tested	 using	 Student’s	 t-test	 or	 ANOVA	
for	normally	distributed	data,	and	Wilcoxon	or	Kruskall-Wallis	tests	for	non-
normally	 distributed	 data.	 Differences	 in	 proportions	were	 assessed	 using	
chi-squared	tests.	ANCOVA	was	used	to	evaluate	differences	 in	continuous	
variables	at	4	months,	adjusting	for	baseline	values,	reported	as	mean	with	
95%	Confidence	 Intervals	 (CI).	Multivariable	 linear	 regression	was	 used	 to	
investigate	associations	between	continuous	variables	and	treatment,	and	to	
adjust	for	potential	confounders.
	 Linear	mixed-effects	models	were	used	to	evaluate	the	trajectories	
of	variables	over	time.	These	models	included	time	and	an	interaction	with	
study	 treatment	 as	 fixed	 effects	 (population-level	 estimates)	 and	 allowed	
for	 subject-specific	 variation	 in	 baseline	 levels	 and	 changes	 (a	 so-called	
random	slope,	 random	 intercept	model).	 Linear,	 cubic,	 and	quadratic	time	
transformations	were	considered;	best	fit	for	the	fixed	effects	structure	was	
selected	based	on	AIC	and	BIC	(measures	for	model	fit;	lower	is	better),	while	
the	 best	 random	 effects	 structure	was	 evaluated	 via	 likelihood	 ratio	 tests	
in	 nested	 models.	 The	 interaction	 between	 treatment	 and	 time	 indicates	
whether	 a	 different	 trajectory	 (slope)	 exists	 between	 the	 two	 treatment	
groups.	 All	 reported	 P	 values	 are	 two-sided,	 and	 a	 P-value	 of	 <0.05	 was	
considered	 significant.	 All	 analyses	 were	 performed	 using	 R:	 A	 Language	
and	Environment	 for	 Statistical	Computing,	 version	3.02	 (R	Foundation	 for	
Statistical	Computing,	Vienna,	Austria).
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RESULTS

At	baseline,	HbA1c	measurements	were	available	in	all	but	6	(1.6%)	patients.	
Of	these	373	patients	27	(7.2%)	had	an	Hba1c	of	≥6.5%	(48	mmol/mol)	(12	
in	the	placebo	group	and	15	in	the	metformin	group)	and	excluded	for	the	
current	analysis,	resulting	in	346	patients	without	diabetes.
	 The	baseline	characteristics	of	the	patients	for	both	groups	(metformin	
group,	n=172;	placebo	group	n=174)	are	presented	in	Table 1.	Both	groups	
were	comparable	at	baseline	regarding	age,	sex,	cardiovascular	risk	profile,	
cardiovascular	 history,	 physical	 diagnostic	 measurements,	 and	 baseline	
markers	reflective	of	renal	function,	glycometabolism,	and	cholesterol	profile.

HbA1c concentration
At	 four	months,	 HbA1c	 levels	 in	 the	metformin	 group	were	 slightly	 lower	
than	in	the	placebo	group,	adjusting	for	baseline	values	(Table 2).	The	mean	
absolute	change	in	HbA1c	concentration	from	baseline	to	four	months	was	
0.06	 (95%	CI	 0.03–0.10%)	 [0.66	mmol/mol	 (95%	CI	 0.33–1.09	mmol/mol)]	
in	 the	metformin	 group	 and	 0.12%	 (95%	 CI	 0.08–0.15%)	 [1.31	mmol/mol	
(95%	CI	0.87–1.64	mmol/mol)]	 in	 the	placebo	group	 (P=0.049;	Figure 1A).	
Figure 2	shows	the	change	in	HbA1c	levels	over	time	in	both	groups,	fitted	
using	a	smoothed	spline.	A	linear	mixed	effects	model	evaluating	change	in	
HbA1c	over	time	showed	a	significant	 interaction	between	time	and	study	
treatment	(P=0.031),	indicating	different	trajectories	between	the	metformin	
and	placebo	group	(Figure 2).

Fasting glucose and post challenge glucose
All	patients	underwent	an	OGTT	during	hospitalization	whereas	28	patients	
(7.5%)	refused	an	OGTT	at	four	months	(10	patients	(5.7%)	in	the	metformin	
group	and	18	patients	(10.5%)	in	the	placebo	group).
	 During	hospitalization	for	STEMI	the	metformin	and	placebo	group	
had	 similar	 fasting	 glucose	 levels	 (6.4±1.0	 mmol/L	 vs.	 6.4±0.9	 mmol/L,	
P=0.75),	whereas	the	120	minutes	post	challenge	glucose	levels	were	lower	
in	the	metformin	group	compared	to	placebo	(10.0±2.7	mmol/L,	vs.	10.6±2.5	
mmol/L;	P=0.03)	(Figure 3A).	Four	months	after	STEMI	and	after	stopping	the	
study	medication	for	at	least	five	days,	there	were	no	differences	between	the	
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Table 1. Baseline	Characteristics	
Variable Total

(n=346)
Metformin
(n=172)

Control
(n=174)

P-value

Age,	mean	(SD),	years 58·1±11·7 58·1±11·9 58·2±11·6 0·968

Female	sex	–	No.	(%) 87	(25) 40	(23) 47	(27) 0·496

Race	or	ethnic	group	–	No.	(%) 0·567

		Caucasian 335	(97) 168	(98) 167	(96) ?

		Asian 7	(2·0) 3	(1·7) 4	(2·3) ?

		Black 4	(1·2) 1	(0·6) 3	(1·7) ?

Cardiovascular	Risk	Factors	–	No.	(%)

		Hypertension 97	(28) 50	(29) 47	(27) 0·759

		Dyslipidaemia 220	(64) 103	(60) 117	(67) 0·190

		Current	smoking 190	(55) 96	(56) 94	(54) 0·821

		Positive	family	history 118	(34) 55	(32) 63	(36·2) 0·474

Cardiovascular	History

		Stroke 2	(0·6) 1	(0·6) 1	(0·6) 1·000

		Previous	PCI 4	(1) 1	(0·6) 3	(1·7) 0·623

Physical	diagnostics	at	hospital	admission

		Body	weight,	mean	(SD),	kg 83·5±14.0 83·6	±13·9 83·3±14·1 0·847

		Body-mass	Index,	mean	(SD),	kg/m2 26·7±3·7 26·5±3·5 26·9±3·9 0·401

		Systolic	blood	pressure,	mean	(SD),	mmHg 134±23 134±22 133±24 0·797

		Diastolic	blood	pressure,	mean	(SD),	mmHg 84±14 84±14 84±15 0·733

Laboratory	values	at	admission

		Haemoglobin	(IQR),	mmol/L 8·9±0·8 8·9±0·8 8·9±0·8 0·673

		Creatinine	(IQR),	µmol/L 72	(62–82) 72	(62–84) 73	(63–81) 0·673

		Estimated	GFR	(IQR),	(mL/min/173m2) 93±21 93±23	 93±19 0·947

		Glucose,	median	(IQR),	mmol/L 8·1	(7·0–9·4) 8·1	(7·0–9·2) 8·1	(7·0–9·6) 0·627

		HbA1c,	median	(IQR),	% 5·8	(5·6–6·0) 5·7	(5·6–6·0) 5·8	(5·6–6·0) 0·849

		Insulin,	median	(IQR),	mmol/L 16·9	(9·8–29·2) 18·5	(10·8–30·1) 15·9	(9·3–27·8) 0·169

		HbA1c,	median	(IQR),	mmol/mol 40	(38–42) 39	(38–42) 40	(38–42) 0.849

		Total	cholesterol	(IQR),	mmol/L 5·3	(4·8–6·0) 5·3	(4·7–6·1) 5·3	(4·8–6·0) 0·938

		LDL	cholesterol	(IQR),	mmol/L 3·8	(3·2–4·4) 3·7	(3·1–4·5) 3·8	(3·3–4·4) 0·740

		HDL	cholesterol	(IQR),	mmol/L 1·1	(0·9–1·3) 1·1	(0·9–1·3) 1·1	(0·9–1·3) 0·821

Abbreviations:	 SD,	 standard	 deviation;	 PCI,	 percutaneous	 coronary	 intervention;	 IQR,	 interquartile	
range;	GFR,	glomerular	filtration	rate;	HbA1c,	glycated	haemoglobin;	LDL,	low	density	lipoprotein;	HDL	
high	density	lipoprotein.

metformin	and	placebo	group	concerning	the	fasting	glucose	levels	(5.6±0.6	
mmol/L	 vs.	 5.6±0.7	mmol/L,	 P=0.76)	 and	 the	 120	minutes	 post	 challenge	
glucose	levels	(7.7±2.2	mmol/L	vs.	7.8±2.2	mmol/L,	P=0.83)	(Figure 3B).

Insulin levels
Twenty-four	hours	after	PCI,	 the	non-fasting	 insulin	 level	 in	 the	metformin	
group	was	 34.5mU/L	 (95%	CI	 29.3–39.6	mU/L)	 and	 33.2	mU/L	 (28.4–38.1	
mU/L)	in	the	placebo	group;	(P=0.274).	The	mean	absolute	change	in	insulin	
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levels	from	baseline	to	24	hours	was	9.2	mU/L	(95%	CI	4.0–14.3	mU/L)	in	the	
metformin	group	and	7.9	mU/L	(95%	CI	3.1–12.8	mU/L)	in	the	placebo	group	
(P=0.914).	Also	at	four	months	insulin	levels	in	the	metformin	group	did	not	
differ	 from	 the	placebo	group,	adjusting	 for	baseline	values	 (Table 2).	 The	
mean	absolute	change	in	insulin	levels	from	baseline	to	four	months	was	-3.3	
mU/L	(95%	CI	-8.64–2.0	mU/L)	in	the	metformin	group	and	-7.5	mU/L	(95%	CI	
-12.6–-2.4	mU/L)	in	the	placebo	group	(P=0.979;	Figure 1B).

Incidence of diabetes and prediabetes
New-onset	diabetes,	diagnosed	at	four	months,	was	diagnosed	in	20	patients	
(12%)	in	the	metformin	group	and	18	patients	(10%)	in	the	placebo	group,	
(P=0.70).	Prediabetes	was	diagnosed	in	the	metformin	group	in	108	patients	

Figure 1. Change in Markers of Glycometabolism and Cardiovascular Risk Profile.	Absolute	
changes	in	(95%	CI)	in	the	metformin	and	placebo	groups	in	HbA1c	concentration	(A),	insulin	
levels	 (B),	 body	 weight	 (C),	 total	 cholesterol	 (D),	 LDL	 cholesterol	 (E),	 and	 HDL	 cholesterol	
(F)	 were	 analysed	 using	 ANCOVA.	 HbA1c	 denotes	 glycated	 hemoglobin;	 LDL,	 low	 density	
lipoprotein;	HDL,	high	density	lipoprotein.
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(63%)	 and	 in	 123	 patients	 (71%)	 in	 the	 placebo	 group	 (P=0.40)	 after	 four	
months.

Body Weight and Body-Mass Index
Four	months	 after	 STEMI,	 body	weight	 and	 subsequently	 BMI	were	 lower	
in	the	metformin	group	compared	to	placebo	(Table 2).	The	patients	in	the	
metformin	group	did	not	gain	weight	(0.0	kg	(95%	CI	-0.84–0.90	kg),	whereas	
the	weight	gain	in	the	control	group	was	1.4	kg	(95%	CI	0.56–2.3	kg;	P=0.024)	
(Figure 1C).	 As	 a	 consequence	 the	 BMI	 at	 four	months	 was	 lower	 in	 the	
metformin	 group	 than	 in	 the	 placebo	 group	 (Table 2).	 Another	 important	
factor	possibly	influencing	body	weight	is	cessation	of	smoking.	The	number	
of	smokers	at	baseline	did	not	differ	between	groups	(Table 1).	At	4	months	
there	was	no	between-group	difference	in	cessation	of	smoking:	52	patients	
in	 the	metformin	 group	 had	 quit	 smoking,	 vs.	 63	 patients	 in	 the	 placebo	
group	(P=0.39).

Total, LDL and HDL Cholesterol
The	 adjusted	 total	 cholesterol	 levels	 and	 LDL-cholesterol	 levels	 in	 the	
metformin	group	were	lower	than	the	placebo	group	after	four	months	(Table 

Figure 2. Change in HbA1c over time.	Trajectories	of	change	in	HbA1c	over	time	(95%	CI)	were	
analysed	using	 linear	mixed-effects	model,	 showing	different	 trajectories	between	 the	 two	
treatment	groups	(P=0.031).	HbA1c	denotes	glycated	hemoglobin.
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2).	The	mean	reduction	from	baseline	to	four	months	in	total	cholesterol	in	
the	metformin	group	was	1.58	mmol/L	 (95%	CI	1.45–1.70	mmol/L)	 and	 in	
the	placebo	group	1.40	mmol/L	(95%	CI	1.29–1.52	mmol/L;	P=0.045;	Figure 
1D),	whereas	the	mean	reduction	in	LDL	cholesterol	was	1.74	mmol/L	(95%	
CI	 1.64–1.84	 mmol/L)	 in	 the	 metformin	 group	 and	 1.54	 mmol/L	 (95%	 CI	
1.44–1.64	mmol/L)	in	the	placebo	group	(P=0.007;	Figure 1E).	The	adjusted	
HDL	cholesterol	level	did	not	differ	among	groups.	The	mean	increase	in	HDL	
cholesterol	from	baseline	to	four	months	was	0.04	mmol/L	(95%	CI	0.01–0.07	
mmol/L)	in	the	metformin	group	and	0.07	mmol/L	(95%	CI	0.04—0.10	mmol/L)	
in	 the	 placebo	 group	 (P=0.153;	 Figure 1F).	 At	 baseline	 only	 two	 patients	
in	 the	metformin	group	and	 three	patient	 in	 the	placebo	group	had	a	LDL	
cholesterol	level	of	<	1.9	mmol/L,	which	is	the	targeted	level	for	cholesterol	
lowering	 therapy.1	 Despite	 overall	 lowering	 LDL	 values,	 49	 patients	 in	 the	
metformin	vs.	46	patients	in	the	placebo	group	reached	the	LDL	cholesterol	
target	level	of	<	1.9	mmol/L	(P=0.397)	at	4	months.	The	statin	use	between	
groups	did	not	differ,	since	at	baseline	12	patients	in	the	metformin	group	vs.	
13	patients	in	the	placebo	group	used	statins,	and	at	4	months	153	vs.	157	
patients	used	statins	(P=ns	for	both	time	points).
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Figure 3. Oral glucose tolerance testing during hospitalization and at 4 months after infarction. 
Bar	and	whisker	plots	demonstrating	blood	glucose	concentrations	during	hospitalization	(A)	
and	at	4	months	(B).	Each	plot	shows	fasting	blood	glucose	concentration	left	of	the	dotted	
line,	and	120	minutes	post	challenge	glucose	concentration	right	of	the	dotted	line.	The	bars	
represent	median	(p50)	and	interquartile	range	(p25	and	p75)	and	the	whiskers	p5	and	p95.
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Blood Pressure
The	systolic	and	diastolic	blood	pressure	at	four	months	was	similar	in	both	
treatment	groups:	123	mmHg	(95%	CI	120–125	mmHg)	and	74	mmHg	(95%	
CI	72–75	mmHg)	in	the	metformin	group	and	125	mmHg	(95%	CI	122–127	
mmHg)	and	74	mmHg	(95%	CI	72–75	mmHg)	in	the	placebo	group	(P=0.241	
and	P=0.649,	respectively).	The	mean	decrease	in	either	systolic	or	diastolic	
blood	pressure	from	baseline	to	four	months	did	not	differ	between	groups	
(data	not	shown).

DISCUSSION

The	main	observation	of	 this	prespecified	analysis	 from	the	GIPS-III	 trial	 is	
that	metformin	treatment	for	four	months	on	top	of	standard	care	leads	to	an	
improved	cardiovascular	risk	profile	compared	to	placebo	in	STEMI	patients	
without	 diabetes.	 HbA1c	 levels,	 weight	 gain,	 total	 cholesterol,	 and	 LDL	
cholesterol	levels	were	all	lower	in	patients	receiving	metformin.	A	reduction	
in	 the	 incidence	 of	 new	 onset	 diabetes	 was	 not	 observed.	 Furthermore,	
systolic	and	diastolic	blood	pressure,	insulin	levels,	and	HDL	cholesterol	levels	
remained	 unchanged	 by	 metformin	 treatment.	 These	 results	 imply	 that	
metformin	might	be	able	to	reduce	the	cardiovascular	risk	in	patients	without	
diabetes	on	top	of	standard	care	(including	statin	therapy).	Whether	these	
findings	are	substantial	and	can	lead	to	less	cardiovascular	events,	remains	
to	be	determined.
	 Our	 result	 concerning	 HbA1c	 levels	 are	 comparable	 with	 results	
from	 the	 recent	 Carotid	 Atherosclerosis:	MEtformin	 for	 insulin	 ResistAnce	
(CAMERA)	 study,	 that	 demonstrated	 that	 18	 months	 of	 treatment	 with	
metformin	 in	 patients	with	 coronary	 artery	 disease	without	 diabetes	 also	
resulted	in	a	reduction	of	HbA1c	levels.18	The	Diabetes	Prevention	Program	
(DPP)	demonstrated	that	3	years	of	treatment	with	metformin	850	mg	twice	
daily	significantly	 lowered	HbA1c	 in	comparison	to	placebo,	however	 their	
population	consisted	solely	of	patients	with	prediabetes	and	therefore	a	more	
substantial	reduction	compared	to	our	study	population	is	to	be	expected.13 

The	 use	 of	 markers	 of	 HbA1c	 as	 a	 diagnostic	 marker	 is	 not	 unequivocal.	
However,	 the	 incremental	 prognostic	 value	 of	 HbA1c	 on	 top	 of	 standard	
risk	 factors	has	been	established.25	 Therefore,	 it	 is	 generally	accepted	 that	
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lowering	HbA1c	likely	is	associated	with	improved	prognosis.
	 During	 hospitalization,	 1	 to	 maximally	 4	 dosages	 of	 metformin	
treatment	 already	 resulted	 in	 a	 lower	 post-challenge	 blood	 glucose	
concentrations	 compared	 to	 placebo.	 Since	 we	 did	 not	 measure	 fasting	
insulin	levels	24h	after	PCI,	this	effect	could	be	due	to	directly	lowering	insulin	
resistance,	but	also	due	to	other	glucose	lowering	effects	of	metformin,	such	
as	 reduction	 of	 hepatic	 gluconeogenesis	may	 be	 of	 effect.	 Hyperglycemia	
is	 often	 present	 during	 and	 the	 days	 following	myocardial	 infarction,	 and	
is	 associated	 with	 impaired	 myocardial	 reperfusion,	 larger	 myocardial	
infarct	 size,	 and	 impaired	outcome.3	 Therefore,	many	 studies	using	 insulin	
based	 strategies	 have	 aimed	 at	 lowering	 glucose	 levels	 during	myocardial	
infarction.26–28 However,	none	of	those	trials	showed	improved	outcome,	yet	
all	of	those	trials	concluded	that	lowering	insulin	resistance	was	achieved	and	
associated	with	improved	outcome.	Regrettably,	the	insulin	based	therapies	
instituted	increased	risk	of	hypoglycemia	and	mortality,	resulting	in	an	overall	

Table 2. Measurements	 of	 glycometabolic	 state	 and	 cardiovascular	 risk	
profile	at	4	months

Variable Metformin
(n=172)

Control
(n=174) P-value

Physical diagnostics 

		Body	weight,	mean	(95%	CI),	kg 83·8	(83·0–84·7) 85·2	(84·4–86·1) 0·024

		Body-mass	Index,	mean	(95%	CI),	kg/
m2 26·8	(26·5–27·0) 27·2	(27·0–27·5) 0·014

		Systolic	blood	pressure,	mean	(95%	
CI),	mmHg 123	(120–125) 125	(122–127) 0·241

		Diastolic	blood	pressure,	mean	(95%	
CI),	mmHg 74	(72–75) 74	(72-75) 0·649

Laboratory values 

		HbA1c,	mean	(95%	CI),	% 5·83	(5·79–5·87) 5·89	(5·85–5·92) 0·049

		HbA1c,	mean	(95%	CI),	mmol/mol 40.2	(39.8–40.6) 40.9	(40.4–41.2) 0.049

		Insulin,	mean	(95%	CI),	mU/L 22·8	(17·5–28·1) 18·6	(13·5–23·7) 0·211

		Total	cholesterol,	mean	(95%	CI),	
mmol/L 3·85	(3·73–3·97) 4·02	(3·90–4·14) 0·045

		LDL	cholesterol,	mean	(95%	CI),	
mmol/L 2·10	(1·99–2·20) 2·30	(2·20–2·40) 0·007

		HDL	cholesterol,	mean	(95%	CI),	
mmol/L 1·20	(1·16–1·23) 1·23	(1·20–126) 0·153

Values	 were	 calculated	 using	 ANCOVA,	 adjusted	 for	 baseline	 variables.	 Abbreviations:	
SD,	standard	deviation;	 IQR,	 interquartile	range;	HbA1c,	glycated	haemoglobin;	LDL,	 low	
density	lipoprotein;	HDL	high	density	lipoprotein. 
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adverse	 effect.	 Our	 analysis	 suggests	 that	 metformin	 can	 lower	 glucose	
levels	during	STEMI,	without	 the	adverse	effects	of	 insulin-based	 lowering	
strategies.	Whether	administration	of	metformin	prior	to	reperfusion,	with	
adequate	blood	 levels	of	metformin,	 in	STEMI	patients	 (for	 instance	 in	the	
ambulance)	will	result	in	improved	outcome,	cannot	be	deducted	from	this	
trial.
	 Another	very	interesting	and	important	observation	in	our	study	was	
that	metformin	prevented	weight	gain.	The	overall	weight	gain	after	STEMI	
(in	GIPS-III	this	was	1.4	kg	in	the	placebo	group)	is	who	stopped	smoking	after	
STEMI	between	both	groups,	suggesting	that	cessation	of	smoking	did	not	
affect	these	results.	The	DPP-study	group	calculated	that	64%	of	the	effect	of	
metformin	treatment	on	cardiovascular	risk	reduction	was	caused	by	weight	
reduction.29 Fontbonne	and	colleagues	demonstrated	in	The	BIGuanides	and	
Prevention	 of	 Risks	 in	Obesity	 (BIGPRO1)	 study	 that	metformin	 treatment	
(850	mg	twice	daily)	for	1	year	resulted	a	weight	reduction	of	1.2	kg	compared	
to	placebo.19	 In	support	of	this,	Preiss	and	colleagues	demonstrated	 in	the	
CAMERA	study	that	metformin	treatment	for	18	months	resulted	in	a	mean	
weight	 loss	of	3.2	kg	compared	to	placebo.18	So,	 if	weight	reduction	is	one	
of	the	targets	for	improvement	of	cardiovascular	risk,	metformin	should	be	
considered	as	an	addendum	to	achieve	this.
	 Our	study	demonstrated	that	metformin	effectively	lowers	LDL	and	
total	 cholesterol	 levels	on	 top	of	 initiation	of	 statin	 therapy.	 The	BIGPRO1	
study	showed	that	metformin	treatment	for	1	year	resulted	 in	a	reduction	
of	 0.16	mmol/L	 in	 total	 cholesterol	 and	 0.12	mmol/L	 in	 LDL	 cholesterol.19 

However	these	patients	were	not	treated	with	statins	or	other	lipid	lowering	
drugs.	In	contrast,	Preiss	and	colleagues	did	not	report	an	effect	of	18	months	
of	metformin	treatment	on	cholesterol	 levels	 in	non-diabetic	patients	with	
coronary	artery	disease	in	the	CAMERA	study.18	One	of	the	eligibility	criteria	
in	the	CAMERA	study,	was	statin	therapy,	which	all	patients	received	already	
for	6.5	years	on	average.	In	our	study,	only	25	of	346	(7.2%)	of	patients	used	
statins	since	the	STEMI	mostly	was	their	first	presentation	with	cardiovascular	
disease,	 but	 at	 hospital	 discharge	 99.5%	of	 patients	 in	 our	 study	 received	
statins.21	 Secondly,	 the	 total	 cholesterol	 levels	 at	 baseline	 in	 the	 CAMERA	
were	much	lower	than	in	our	trial	(4.3	mmol/L	vs.	5.3	mmol/L).	Thirdly,	the	
average	reduction	in	cholesterol	 level	at	6	months	was	0.03	mmol/L	in	the	
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CAMERA	trial,	whereas	in	our	trial	on	average	a	reduction	of	1.4	mmol/L	was	
observed,	with	a	larger	reduction	in	the	metformin	group	compared	to	the	
placebo	group.	Since	the	effect	of	metformin	lowering	total	cholesterol	and	
LDL	on	top	of	statin	therapy	was	clearly	visible	in	our	study,	metformin	may	
exert	cholesterol	lowering	qualities	during	initiation	of	treatment.
	 This	prespecified	substudy	of	the	GIPS-III	trial	had	several	strengths.	
The	GIPS-III	had	a	double-blind	placebo-controlled	trial,	and	included	patients	
at	the	same	time	point	 in	their	 illness,	namely	directly	after	PCI	for	STEMI.	
All	 end	points	were	 adjudicated	by	 an	 independent	 end	point	 committee.	
The	dosages	of	metformin	used	 (500	mg	bid)	are	commonly	used	 to	 treat	
type	2	diabetes	mellitus.	A	potential	weakness	of	the	GIPS-III	trial	was	that	it	
was	not	designed	for	mortality	reduction	trough	secondary	prevention	of	the	
cardiovascular	risk	profile.	However,	several	clinically	relevant	and	targeted	
markers	were	lowered	by	metformin	therapy,	suggesting	the	sample	size	is	
sufficient	 to	 address	 cardiovascular	 risk	 profile.	 The	 study	medication	was	
only	administered	for	4	months,	which	in	terms	of	secondary	prevention	is	
short.
	 Altogether,	 we	 observed	 that	 metformin	 treatment	 in	 patients	
without	 diabetes	 presenting	with	 STEMI,	 resulted	 in	 prevention	of	 gain	 in	
body	weight,	improved	levels	of	HbA1	and	improved	levels	of	LDL	and	total	
cholesterol.	 Estimating	 the	 total	 effect	 size	on	 cardiovascular	 risk	 of	 these	
combined	 effects	 is	 difficult.	 A	 risk	 calculator	 for	 outcome	 after	 STEMI,	
integrating	all	important	known	variables,	has	yet	to	be	developed.	However,	
quantification	of	the	effect	sizes	on	outcome	is	necessary	in	order	to	establish	
the	usefulness	and	benefit	of	metformin	in	secondary	prevention.	Therefore,	
further	study	on	the	effects	of	metformin	on	cardiovascular	risk	profile	and	
prognosis	 in	 patients	 with	 STEMI	 are	 warranted.	 Currently,	 the	 Glucose	
Lowering	 in	 Non-diabetic	 hyperglycemia	 Trial	 (GLINT,	 ISRCTN34875079),	
is	 an	ongoing	double-blind	 randomized	 controlled	 trial	 set	 to	 include	over	
12,000	patients	designed	 to	assess	 the	effect	of	metformin	 in-nondiabetic	
hyperglycemia	on	cardiovascular	risk.
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CONCLUSION

In	patients	with	acute	myocardial	infarction	at	risk	for	diabetes,	four	months	
of	treatment	with	metformin	on	top	of	optimal	treatment	resulted	in	a	more	
favorable	 cardiovascular	 risk	 profile	 compared	 with	 placebo.	 Metformin	
treatment	improved	glycemic	control	and	cholesterol	levels,	and	prevented	
gain	in	body	weight.	Whether	these	favorable	effects	on	risk	factors	can	be	
translated	to	improved	long-term	outcomes	requires	further	study.
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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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DISCUSSION

The	aim	of	this	thesis	was	to	study	the	effect	of	metformin	on	preservation	
of	 left	 ventricular	 function	 and	 cardiovascular	 risk	 in	 patients	 presenting	
with	ST-segment	elevation	myocardial	 infarction.	The	main	findings	of	 this	
thesis	presented	in	Chapter 6	demonstrate	that	metformin	does	not	results	
in	 improvement	 of	 left	 ventricular	 function	 after	myocardial,	 whereas	 	 in	
Chapter 8		result	indicate	that	metformin	does	not	reduce	myocardial	infarct	
size	after	myocardial	infarction.	Furthermore,	metformin	was	associated	with	
modest	improvements	in	several	determinants	of	cardiovascular	risk	profile	
as	presented	in	Chapter 7.	Nevertheless,	the	overall	message	of	this	thesis		is		
that	metformin	does	not	preserve	left	ventricular	function	after	myocardial	
infarction	on	top	of	the	treatment	based	on	current	guidelines.
	 The	question	that	arises	from	the	results	presented	in	this	thesis	is	
the	following:	‘’Why	did	we	not	find	cardioprotective	effects	of	metformin?”	
Two	possible	explanations	can	be	given:	metformin	does	not	have	protective	
effects,	 or	 metformin	 actually	 does	 have	 protective	 effects	 but	 our	 study	
failed	to	endorse	them.

Lack of cardioprotective effects of metformin
Assuming	 metformin	 actually	 does	 have	 cardioprotective	 effects,	 factors	
failing	 to	 identify	 these	 effects	 may	 be	 contributable	 to	 the	 following	
categories:

1)	Patient	related;
2)	Intervention	related;
3)	Comparison	related;
4)	Outcome	related.

PATIENT RELATED FACTORS
The	 patients	 included	 in	 the	 GIPS-III	 trial	 were	 patients	without	 diabetes,	
without	 prior	 myocardial	 infarction,	 who	 underwent	 successful	 PCI,	
presenting	to	the	hospital	within	12	hours	after	onset	of	complaints,	and	who	
were	able	to	provide	verbal	informed	consent.	As	discussed	previously,	this	
category	of	patients	nowadays	has	a	more	 than	 reasonable	prognosis	and	
is	 at	 low	 risk	of	 developing	heart	 failure	or	 life	 threatening	 cardiovascular	
complications.	In	fact,	most	of	the	exclusion	criteria	of	the	GIPS-III	trial	are	
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risk	factors	for	adverse	outcome	(Chapter 5).	In	addition,	the	GIPS-III	trial	was	
executed	solely	in	the	Netherlands.	The	high	standard	of	care	in	combination	
with	excellent	availability	of	a	PCI	center	within	20	minutes	from	anywhere	
throughout	the	country	resulted	in	the	GIPS-III	trial	in	excellent	results	with	
an	average	left	ventricular	ejection	fraction	of	54%	(Chapter 6).

INTERVENTION RELATED FACTORS

Timing of administration of metformin
Taken	together,	the	studies	that	resulted	in	the	hypothesis	of	the	GIPS-III	trial	
suggested	that	metformin	was	associated	with	improved	survival,	mediated	
by	 improvement	 of	 left	 ventricular	 function	 and	 reduction	 of	 myocardial	
infarct	size.	Therefore,	we	aimed	to	investigate	these	alleged	effects	in	a	neat,	
prospective,	randomized,	double-blind,	placebo-controlled	environment.	We	
studied	patients	presenting	with	their	first	ST-segment	elevation	myocardial	
infarction	 (STEMI)	 to	have	homogenous	population	at	baseline,	 i.e.	with	a	
very	high	likelihood	of	a	normal	left	ventricular	function.	We	chose	to	include	
patients	who	underwent	successful	percutaneous	coronary	intervention	(PCI),	
and	therefore	randomized	patients	after	PCI	(Chapter 5).	In	the	GIPS-III	trial,	
study	medication	(metformin	or	placebo)	was	administered	at	the	Coronary	
Care	Unit	 on	 average	 100	minutes	 after	 first	 coronary	 intervention	during	
primary	coronary	intervention.	Taking	into	account	that	a)	STEMI	is	a	serious	
life	threatening	condition,	b)	all	of	these	patients	needed	to	provide	informed	
consent	prior	to	randomization,	and	c)	“time	is	muscle”,	and	d)	metformin	
is	 oral	medication,	 this	 is	 as	 soon	 after	 PCI	 as	 can	 be	 achieved.	After	 oral	
administration,	metformin	has	a	biological	availability	of	50–70%	and	it	takes	
on	average	150	minutes	to	reach	peak	levels.	This	indicates	that	on	average	
metformins	effects	can	be	expected	earliest	4	hours	after	administration.	In	
terms	of	ischemia-reperfusion	injury,	4	hours	perhaps	is	too	little	too	late.1 
If	metformin	has	effects	during	ischemia-reperfusion	as	suggested	by	several	
experimental	studies	and	our	retrospective	analysis	(Chapter 3),	our	protocol	
may	have	been	inadequate	to	detect	these	effects.2–8
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Dosage of metformin
In	the	population	of	patients	with		diabetes	mellitus,	the	dosages	of	metformin	
used	range	from	500	mg	once	daily	to	1000	mg	thrice	daily.9–11	Side	effects,	
most	importantly	gastrointestinal	discomfort,	diarrhea	and	nausea,	are	dose-
dependent.	Therefore,	we	chose	not	 to	start	with	high	dosages,	but	use	a	
typical	starting	dose	of	500	mg	twice	daily	for	patients	with	diabetes.	Since	
there	is	no	evidence	suggesting	a	dose-dependent	relationship	with	alleged	
cardioprotective	effects	of	metformin,	we	decided	not	to	up	titrate	metformin.	
In	addition,	a	relevant	efficacy	measure	to	use	for	titration,	predictive	of	the	
cardioprotective	 effects,	 is	 unavailable.	 The	 dosages	 used	 in	 experimental	
setting,	 translated	 to	 human	 setting	 range	 from	 high	 to	 extremely	 toxic	
dosages	(Chapter 2, Table 1, page 26)	and	do	not	offer	guidance.	However,	
it	 is	possible	that	the	dosage	of	metformin	was	either	too	 low	or	too	high	
to	achieve	cardioprotective	effects.	During	the	study,	metformin	levels	were	
assessed	at	 several	time	points.	 For	 the	 future,	 analyses	of	 these	 samples	
with	respect	to	left	ventricular	function	or	myocardial	infarct	size	may	offer	
new	insights.	However,	this	would	be	a	surprising	in	the	light	of	the	overall	
neutral	effects	on	these	outcome	measures.

Duration of metformin
Study	medication	was	 started	as	 soon	as	possible	after	PCI	and	continued	
for	4	months.	 This	 treatment	period	was	 chosen	with	 the	knowledge	 that	
infarct	healing	takes	100	days	on	average.12–15	The	myocardial	infarct	size	at	
4	months	after	 infarction	is	known	to	stay	the	same	or	at	best,	decrease	a	
little.12	In	addition,	the	adaption	of	the	heart	after	myocardial	infarction,	i.e.	
cardiac	remodeling,	is	known	to	largely	occur	within	the	same	time	window.	
Therefore,	 it	 was	 and	 is	 feasible	 to	 administer	 metformin	 for	 4	 months.	
Administration	shorter	than	4	months	does	not	seem	an	appropriate	option.	
However,	 longer	 administration	 may	 prevent	 further,	 ongoing,	 cardiac	
remodeling.

COMPARISON RELATED FACTORS
The	 GIPS-III	 trial	 was	 a	 double-blind,	 placebo-controlled,	 randomized	
clinical	 trial	with	blinded	evaluation	of	 the	primary	end	point,	and	blinded	
adjudication	 of	 all	 end	 points.	 All	 analyses	 were	 executed	 according	 to	 a	
prespecified	 statistical	 analysis	 plan.	Monitoring	 by	 the	 Trial	 Coordination	
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Center	was	meticulous	and	contributed	greatly	 to	 the	validity	of	 the	data.	
For	 safety	 reasons,	 a	 data	 safety	 and	 monitoring	 board	 supervised	 the	
execution	the	study.	Taken	together,	the	GIPS-III	trial	was	executed	according	
to	 all	 requirements	 of	 Good	 Clinical	 Practice,	 leaving	 almost	 no	 room	 for	
improvement	of	proper	execution	of	the	trial.16

OUTCOME RELATED FACTORS
The	 primary	 end	 point	 (left	 ventricular	 ejection	 fraction)	 and	 the	 most	
important	secondary	end	points	(the	level	of	NT-proBNP,	myocardial	infarct	
size,	MACE)	were	all	congruent	with	respect	to	the	effect	of	metformin.	The	
choice	of	left	ventricular	ejection	fraction	is	strongly	motivated	by	the	strong	
(causal)	 relation	 with	 mortality	 and	 morbidity	 (heart	 failure).	 Magnetic	
resonance	imaging	was	used	to	measure	the	left	ventricular	ejection	fraction	
in	the	GIPS-III	trial.	However,	although	MRI	is	know	as	the	gold	standard,	it	
could	only	be	measured	in	71%	of	patients.	Therefore,	a	more	generalizable	
end	 point,	 such	 as	 NT-proBNP	 levels,	 which	 could	 be	 obtained	 in	 91%	 of	
patients	might	have	been	a	better	primary	end	point.	However,	in	the	design	
of	 the	GIPS-III	 trial	 the	dropout	 rate	was	accounted	 for.	 In	our	option,	 the	
choice	for	another	end	point	would	not	have	influenced	the	outcome	of	the	
trial.

Explanation for the lack  of cardioprotective effects of metformin
A	 lot	 of	 reports	 on	 cardioprotective	 effects	 of	 metformin	 arose	 from	
retrospective	 analyses	 of	 non-randomized	 cohort	 studies.	 An	 example	 of	
such	a	 report	 is	presented	 in	Chapter 2,	which	showed	a	clear	association	
between	metformin	 and	myocardial	 infarct	 size	 in	 patients	with	 diabetes.	
Combining	 these	 findings	 with	 the	 results	 of	 Chapter 6 and	 Chapter 8,	
justifies	 questioning	 whether	 this	 retrospective	 analyses	 truly	 reflect	
metformin	 associated	 effects.	 Assuming	 the	 results	 from	 the	 randomized	
controlled,	 double-blind,	 placebo-controlled	 GIPS-III	 trial	 as	 correct,	 the	
results	from	retrospective	analyses	should	be	interpreted	woth	caution.	Still	
the	differences	between	the	investigated	population	and	timing	and	dosing	
of	metformin	leave	room	for		new	research	hypotheses.	In	our	retrospective	
study	patients	had	diabetes,	 indicating	a	higher	 risk	population,	and	these	
patients	used	metformin	before	ischemia/reperfusion,	and	used	a	dosage	of	
at	least	500	mg	twice	daily.
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	 Another	 possible	 explanation	 of	 the	 observed	 benefit	 may	 be	
that	metformin	 is	 only	 prescribed	 to	 or	 used	 in	 a	 subset	 of	 patients	with	
diabetes,	wich	may	 introduce	 selection	bias.	 For	most	physicians,	 the	first	
thing	that	comes	to	mind	when	metformin	is	mentioned,	is	lactic	acidosis	(a	
rare	complication	associated	with	metformin	treatment).	With	this	in	mind,	
physicians	may	select	a	relatively	low-risk	population	to	which	metformin	is	
prescribed.	Even	more,	perhaps	patients	who	do	not	tolerate	metformin	may	
do	so	because	of	factors	also	contributing	to	poor	prognosis.	This	may	also	
be	the	case	in	the	United	Kingdom	Prospective	Diabetes	Study	trial,	one	the	
most	outspoken	advocates	of	metformins	alleged	cardioprotective	effects.17

FUTURE PERSPECTIVES

Despite	 the	 overall	 neutral	 effect	 of	 metformin	 of	 the	 cardiovascular	
presented	 in	 this	 thesis,	 the	role	of	metformin	as	a	cardioprotective	agent	
remains	attractive.	In	this	thesis	several	questions	remain	unanswered.
	 The	 infarct	 size	 reducing	 effects	 and	 left	 ventricular	 function	
preserving	effects	reported	in	several	preclinical	studies	are	appealing.	The	
GIPS-III	trial,	due	to	its	design,	did	not	exclude	the	existence	of	such	effects.	
Therefore,	a	study	with	intravenous	administration	of	metformin	upon	first	
medical	contact,	along	with	heparin,	acetylsalicylic	acid,	etcetera,	would	be	a	
relevant	next	step.
	 In	 addition,	 we	 did	 find	 some	 beneficial	 effects	 of	 metformin,	 as	
reported	in	Chapter 7.	We	feel	that	the	most	important	effect	of	metformin	
is	the	effect	on	body	weight.18–19	The	effect	of	decrease	in	body	weight	may	
be	due	to	reduction	of	mitochondrial	activity	resulting	in	increased	anaerobic	
glycolysis	 and	 thus	 impaired	energy	production	 from	 the	 same	amount	of	
caloric	intake;	in	fact	metformin	may	reflect	caloric	restriction.20–26	From	mouse	
models,	 caloric	 restriction	 was	 shown	 to	 improve	 life-span.27	 In	 addition,	
caloric	restriction	was	also	shown	to	improve	cholesterol	profile,	which	we	
also	found	in	Chapter 7.28	To	further	study	theses	possible	metformin	related	
effects,	 the	 large	 Glucose	 Lowering	 In	 Non-diabetic	 hyperglycemia	 Trial	
(GLINT)	is	ongoing	in	patients	with	prediabetes.29

Preservation of left ventricular function after myocardial infarction
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During	 the	 discussion	 of	 the	 results	 of	 the	 GIPS-III	 trial	 at	 the	 Scientific	
Meeting	 of	 the	 American	 College	 of	 Cardiology	 in	 Washington,	 in	 March	
2014,	the	committee	commenting	the	results	of	the	GIPS-III	trial	was	most	
astounded	 by	 the	 average	 left	 ventricular	 ejection	 fraction.	 This	 finding	 is	
perhaps	the	most	important	message	to	be	learned	from	the	entire	GIPS-III	
trial.	In	60%	of	patients	with	heart	failure,	coronary	artery	disease	resulting	
in	decreased	left	ventricular	function,	is	the	underlying	etiology.	The	GIPS-III	
trial	demonstrates	that	half	of	patients	has	normal	 left	ventricular	ejection	
fraction	 after	 ST-segment	 elevation	 myocardial	 infarction	 and	 only	 a	 few	
patients	ended	up	with	poor	left	ventricular	function	(left	ventricular	ejection	
fraction	<35%).	Thus	prevention	of	ischemic	heart	failure	seems	achievable	
by	simply	implementing	standard	medical	care.

Diastolic dysfunction after myocardial infarction
Almost	half	of	patients	with	heart	failure,	have	heart	failure	with	preserved	
ejection	 fraction.	 A	 retrospective	 analysis	 in	 patients	 with	 diabetes	
suggested	 that	 metformin	 may	 improve	 diastolic	 function	 as	 assessed	
by	 echocardiography.30	 Taken	 into	 account	 the	 results	 of	 metformin	 on	
left	 ventricular	 ejection	 fraction,	 NT-proBNP,	 and	 myocardial	 infarct	 size,	
an	 overwhelming	 effect	 of	 metformin	 on	 diastolic	 function	 is	 unlikely.	 In	
addition,	 we	 presented	 preliminary	 results	 at	 the	 Annual	 Meeting	 of	 the	
European	Society	of	Heart	Failure	in	Athens,	May	2014,	suggesting	no	effect	
of	metformin	on	diastolic	function.
	 In	the	last	decades	the	incidence	of	systolic	dysfunction	and	systolic	
heart	 failure	 after	 myocardial	 have	 decreased	 enormously,	 as	 discussed	
above.31	 However,	 the	 incidence	 of	 diastolic	 heart	 failure	 after	myocardial	
infarction	does	not	display	such	a	promising	trend.	In	fact,	the	incidence	of	
diastolic	heart	failure	remains	6	to	8%.31	Therefore,	it	is	fair	to	conclude	that	
timely	 reperfusion	and	current	 treatment	 strategies	do	not	affect	diastolic	
function	after	myocardial	 infarction.32	Moreover,	no	effective	treatment	for	
diastolic	dysfunction	is	currently	available.	New	strategies	for	the	prevention	
of	 heart	 failure	 strategies	 should	 be	 directed	 at	 preventing	 diastolic	
dysfunction.
	 In	conclusion,	the	role	of	metformin	in	cardiovascular	disease	seems	
still	promising	and	remains	attractive,	but	remains	largely	unproven.
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ENGLISH SUMMARY

In	the	last	decades	progress	in	treatment	of	patients	with	an	acute	myocardial	
infarction	 has	 improved	 prognosis.	 Besides	 therapeutic	 improvements	 in	
revascularization	 therapy,	 improvements	 in	 pharmacological	 therapy	 have	
markedly	improved	cardiovascular	outcomes.	Current	cornerstone	targets	of	
pharmacological	therapy	include	hypertension,	dyslipidemia	and	thrombosis,	
which	 have	 all	 been	 proven	 effective	 in	 improving	 outcomes	 and	 reduce	
atherosclerosis.
	 The	 focus	of	 thesis	 is	 the	 role	of	metformin	 in	patients	with	acute	
myocardial	 infarction.	One	 important	contributing	factor	 to	atherosclerosis	
and	 the	 burden	 of	 cardiovascular	 disease	 is	 dysglycemia,	 however	 this	 is	
currently	 not	 being	 targeted	 by	 pharmacological	 therapies.	 In	 the	 general	
introduction	 of	 Chapter 1	 the	 reason	 for	 investigating	 the	 old,	 glucose-
lowering	drug	metformin	is	explained.	Numerous	retrospective	studies	and	
some	prospective	clinical	trials	showed	that	metformin	was	associated	with	
improved	outcome,	measured	as	mortality,	morbidity	or	biochemical	markers	
associated	with	outcome.	Chapter 1	poses	4	research	questions:

1)	 Can	metformin	 improve	 left	 ventricular	 function	 after	 acute	myocardial	
infarction?
2)	Can	metformin	reduce	myocardial	infarct	size?
3)	Can	metformin	improve	the	cardiovascular	risk	profile	in	patients	without	
diabetes?
4)	Is	metformin	safe	to	use	in	patients	with	acute	myocardial	infarction?

In Chapter 2	 the	 first	 research	 question	 is	 addressed.	 In	 order	 to	 assess	
whether	 metformin	 can	 reduce	 myocardial	 infarct	 size,	 we	 compared	
patients	with	diabetes	who	were	already	using	metformin	for	glucose	control	
while	they	underwent	a	percutaneous	coronary	intervention	for	an	acute	ST-
segment	elevation	myocardial	infarction	to	those	patients	with	diabetes	who	
used	 other	 strategies	 for	 glucose	 control.	Metformin	 was	 associated	with	
smaller	 infarct	size.	Due	to	the	retrospective	design,	this	finding	cannot	be	
interpreted	as	evidence,	but	rather	as	support	for	an	hypothesis.
	 The	 exact	 mechanism	 of	 action	 of	 metformin	 is,	 at	 best,	 poorly	
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understood.	 Therefore,	 several	 studies	 investigating	 possible	 diversified	
effects	 of	 metformin	 have	 been	 performed.	 Chapter 3	 is	 an	 editorial	 in	
response	to	a	study	which	investigated	the	effects	of	metformin	on	exercise	
capacity	 in	 heart	 failure	 patients.	 In	 patients	 with	 heart	 failure,	 insulin-
resistance	 is	 often	 present.	 Rather	 than	 a	 direct	 effect	 of	 metformin	 on	
insulin-resistance	 which	 the	 authors	 propose,	 metformin	 may	 improve	
insulin-resistance	 via	 improvement	 of	 the	 hemodynamic	 state.	 Although	
a	different	patient	population,	Chapter 3	 is	 in	 fact	an	elaborate	version	of	
research	question	1:	can	metformin	improve	left	ventricular	function?
 Chapter 4	consists	of	a	comment	on	a	study	in	patients	with	stable	
coronary	 artery	disease	 in	which	metformin	was	 tested	on	 top	of	 optimal	
secondary	prevention	to	improve	atherosclerosis.	Metformin	did	not	affect	
atherosclerosis	 in	 this	 study.	 Patients	 included	 in	 this	 trial	 had	 to	 be	 on	
optimal	statin	therapy,	making	 it	a	selective,	non-generalizable	population.	
The	 technique	 used	 to	 assess	 effectiveness	 was	 not	 the	 gold	 standard	 to	
measure	atherosclerosis.	Of	importance,	metformin	improved	several	other	
clinically	 relevant	measures,	 such	 as	 glycated	 hemoglobin,	 illustrating	 the	
promise	 of	 metformin.	 The	 question	 posed	 in	 Chapter 4	 corresponds	 to	
research	question	3:	Can	metformin	improve	the	cardiovascular	risk	profile?
 Chapter 5	 is	 the	description	of	 the	Glycometabolic	 Intervention	as	
Adjunct	 to	 Primary	 Percutaneous	 Intervention	 in	 ST	 Elevation	Myocardial	
Infarction	Trial	 (GIPS-III).	 The	GIPS-III	 trial	was	designed	as	 a	double-blind,	
placebo-controlled,	 randomized	 clinical	 trial	 to	 answer	 the	 first	 research	
question	as	posed	above.	The	hypothesis	of	the	GIPS-III	was	that	metformin	
in	 comparison	 with	 placebo	 improves	 left	 ventricular	 function	 after	 ST-
segment	 elevation	 myocardial	 infarction	 in	 patients	 without	 diabetes.	
Chapter 5	describes	in	detail	all	the	steps	the	patients	had	to	undergo,	which	
end	points	would	be	assessed,	and	how	the	safety	and	validity	of	the	trial	was	
warranted.
	 In	 just	under	 two	and	a	half	year,	 the	 inclusion	of	 the	GIPS-III	 trial	
was	 completed.	 Four	 hundred	 and	 thirty	 patients	 were	 approached	 for	
participation	in	the	trial,	and	380	patients	consented	to	participate..	The	flow	
of	the	patients,	their	demographics	and	other	characteristics	at	baseline,	and	
most	importantly,	the	measurements	of	the	function	of	their	left	ventricles	
four	months	after	 their	 inclusion,	are	 shown	 in	Chapter 6.	 Left	ventricular	
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function	was	assessed	four	months	after	infarction	using	magnetic	resonance	
imaging,	which	is	considered	the	gold	standard.	Metformin	did	not	improve	
left	 ventricular	 function	 after	myocardial	 function.	 In	 addition,	metformin	
did	not	have	any	effect	on	the	level	of	NT-proBNP,	a	marker	of	heart	failure.	
No	effects	of	metformin	within	prespecified	subgroups	were	observed.	The	
use	of	metformin	did	not	have	any	effect	on	major	adverse	cardiac	events.	
In	 conclusion,	 metformin	 did	 not	 improve	 left	 ventricular	 function	 after	
myocardial	infarction.
 Chapter 7	 was	 an	 attempt	 to	 answer	 research	 question	 3:	 can	
metformin	 improve	 the	 cardiovascular	 risk	 profile	 in	 patients	 without	
diabetes?	Patients	without	diabetes	were	selected	 from	the	GIPS-III	 study.	
The	 cardiovascular	 risk	 profile	 consists	 of	 several	 clinically	 relevant,	 and	
modifiable	 factors,	 including	 but	 not	 limited	 to:	 cholesterol	 profile,	 body	
weight,	 glucose	 regulation,	 blood	 pressure,	 and	 smoking.	 Four	 months	
of	 treatment	 with	 metformin	 resulted	 in	 improvement	 cholesterol	 levels,	
lower	body	weight	and	improved	glucose	regulation.	There	were	no	effects	
of	metformin	on	blood	pressure	or	cessation	of	smoking.	Combined,	these	
improvements	 result	 in	 a	 lower	 cardiovascular	 risk	 profile.	 Unfortunately,	
whether	this	metformin-induced	improvement	of	cardiovascular	risk	profile	
results	in	improved	prognosis	cannot	be	deduced	from	this	trial.
	 Whether	 administration	 of	 metformin	 as	 soon	 as	 possible	 after	
percutaneous	 coronary	 intervention	 in	 patients	with	 ST-segment	 elevation	
myocardial	infarction	could	result	in	smaller	myocardial	infarct	size	was	the	
central	question	in	Chapter 8.	Myocardial	infarct	size	was	assessed	in	two	ways:	
first,	by	measuring	the	level	of	markers	of	myocardial	damage	in	the	blood	
during	hospitalization;	second,	by	assessing	the	size	of	the	myocardial	scar	
using	magnetic	resonance	imaging	four	months	after	infarction.	Metformin	
did	not	have	any	effect	on	either	the	markers	of	myocardial	damage	or	on	
the	 scar	 size	 four	 months	 after	 infarction.	 Therefore,	 we	 concluded	 that	
administration	of	metformin	after	percutaneous	coronary	intervention	does	
not	reduce	myocardial	infarct	size.
 In Chapter 9	the	possible	reasons	for	the	neutral	effect	of	metformin	
on	the	primary	and	secondary	end	points	of	the	GIPS-III	trial,	which	also	are	
the	most	important	hypotheses	of	this	thesis,	are	discussed.	Suggestions	for	
future	studies	on	the	cardioprotective	effects	of	metformin	are	given	as	well.
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NEDERLANDSE SAMENVATTING

De	 laatste	 decennia	 heeft	 vooruitgang	 bij	 de	 behandeling	 van	 patiënten	
met	een	acuut	hart	infarct	de	prognose	enorm	verbeterd.	Naast	technische	
verbeteringen	 in	 revascularisatie	 therapie,	 hebben	 verbeteringen	 in	
farmacologische	therapie	duidelijk	tot	verbeterde	cardiovasculaire	uitkomsten	
geleid.	Pijlers	van	de	huidige	farmacologische	therapie	omvatten	hypertensie,	
dyslipidemie	en	trombose.	Al	deze	doelen	worden	door	de	huidige	therapie	
effectief	 verbeterd	 en	 leiden	 tot	 vermindering	 van	 atherosclerotische	
complicaties.
	 De	focus	van	dit	proefschrift	is	de	rol	van	metformine	bij	patiënten	
met	een	acuut	hartinfarct.
	 Een	belangrijke	 factor	die	bijdraagt	aan	atherosclerose	en	hart-	en	
vaatziekten	 is	 een	 verstoorde	 glucoseregulatie.	 In	 de	 huidige	 richtlijnen	
wordt	hier	slechts	marginaal	aandacht	aan	besteed,	en	momenteel	is	dit	niet	
het	 aangrijpingspunt	 van	 farmacologische	 therapieën.	 In	Hoofdstuk 1,	 de	
algemene	introductie	van	dit	proefschrift,	wordt	uitgelegd	wat	de	reden	is	om	
dit	proefschrift	te	wijden	aan	onderzoek	naar	dit	oude,	glucose-verlagende	
medicijn	 genaamd	 metformine.	 Tal	 van	 retrospectieve	 studies	 en	 enkele	
prospectieve	klinische	studies	toonden	aan	dat	metformine	geassocieerd	is	
met	een	verbeterde	prognose,	gemeten	als	 levensverwachting,	morbiditeit	
of	biochemische	markers	die	geassocieerd	zijn	met	een	van	deze	uitkomsten.	
Hoofdstuk	1	beschrijft	een	viertal	onderzoeksvragen	die	de	basis	vormen	van	
dit	proefschrift:

1)	 Kan	 metformine	 de	 linkerventrikelfunctie	 na	 een	 acuut	 myocardinfarct	
verbeteren?
2)	Kan	metformine	de	schade	aan	het	hart	die	veroorzaakt	wordt	door	een	
myocard	infarct	verminderen?
3)	 Kan	 metformine	 het	 cardiovasculair	 risicoprofiel	 bij	 patiënten	 zonder	
diabetes	verbeteren?
4)	Is	metformine	veilig	te	gebruiken	bij	patiënten	met	een	acuut	hartinfarct?

In Hoofdstuk 2	wordt	de	eerste	onderzoeksvraag	onderzocht.	We	beoogden	de	
vraag	te	beantwoorden	of	metformine	de	schade	aan	het	hart	die	veroorzaakt	
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wordt	door	een	hartinfarct	kan	verkleinen.	Daarom	werden	patiënten	met	
diabetes	 die	 al	metformine	 gebruikten	 voor	 glucoseregulatie	 ten	tijde	 van	
een	 percutane	 coronaire	 interventie	 voor	 een	 acute	 ST-segment	 elevatie	
myocardinfarct	vergeleken	met	patiënten	die	andere	strategieën	gebruikten	
voor	 glucose	 regulatie.	 Metformine	 was	 geassocieerd	 met	 eenkleinere	
infarctgrootte.	Vanwege	het	 retrospectieve	karakter	van	dit	onderzoek	kan	
deze	bevinding	niet	dienen	als	bewijs,	maar	hooguit	als	ondersteuning	voor	
onze	hypothese.
	 Het	exacte	werkingsmechanisme	van	metformine	is	tot	op	heden,	nog	
niet	duidelijk.	Toch	worden	er	diverse	effecten	aan	metformine	toegeschreven.	
Het	 is	daarom	niet	verwonderlijk	dat	er	meerdere	onderzoeken	op	diverse	
gebieden	naar	de	mogelijke	effecten	van	metformine	gaande	zijn.	Hoofdstuk 
3	 is	een	redactioneel	commentaar	en	vormt	een	reactie	op	een	onderzoek	
dat	bij	patiënten	met	hartfalen	de	effecten	van	metformine	onderzocht	heeft	
op	 inspanningscapaciteit.	Bij	patiënten	met	hartfalen	 is	 insuline-resistentie	
vaak	 aanwezig.	 De	 auteurs	 stellen	 dat	metformine	 een	 direct	 effect	 heeft	
op	de	 insuline-resistentie	en	daarmee	de	prognose	kan	verbeteren	in	deze	
populatie.	 Echter,	 in	 plaats	 van	 een	 direct	 effect	 van	 metformine	 op	 de	
insuline-resistentie	 en	 daarmee	 verbetering	 van	 het	 hartfalen,	 kan	 het	
mechanisme	 ook	 andersom	 zijn:	 metformine	 kan	 de	 insuline-resistentie	
verbeteren	via	verbetering	van	de	hemodynamische	toestand	en	de	daarmee	
gerelateerde	 verbetering	 van	 de	 weefselperfusie.	 Kortom,	Hoofdstuk 3	 is	
in	 feite	 een	uitweiding	 over	 onderzoeksvraag	 1:	 kan	metformine	 de	 linker	
ventrikelfunctie	verbeteren?

Hoofdstuk 4	is	een	ingezonden	commentaar	op	een	onderzoek	bij	patiënten	
met	 een	 stabiele	 coronaire	 hartziekte	 waarin	 metformine	 werd	 getest	
bovenop	de	gebruikelijke/standaard?	optimale	secundaire	preventie	met	als	
doel	atherosclerose	te	verminderen.	In	deze	studie	bleek	metformine	geen	
invloed	op	atherosclerose	te	hebben.	Echter,	patiënten		in	deze	studie	werden	
behandeld	naast	een	maximale	behandeling	met	een	statine,	waardoor	het	
een	 selectieve,	 niet-generaliseerbare	 studiepopulatie	 betrof.	 Daarnaast	
was	de	 techniek	die	gebruikt	wordt	om	de	effectiviteit	 te	beoordelen	niet	
de	 gouden	 standaard	 om	 atherosclerose	 te	 meten.	 Enkele	 belangrijke	
bevindingen	uit	deze	studie	vonden	wij	van	groter	belang	dan	de	benoemde	
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eindpunten	van	de	auteurs.	Metformine	verbeterde	diverse	andere	klinisch	
relevante	 factoren,	 zoals	 de	 langdurige	 bloedsuikerspiegel,	 geglycosyleerd	
hemoglobine.	 Hierbij	 blijkt	 wederom	 dat	 metformine	 mogelijkerwijs	
positieve	effecten	heeft	op	het	cardiovasculaire	risicoprofiel,	maar	de	belofte	
die	metformine	verondersteld	wordt	te	zijn,	wordt	nog	niet	ingelost.	De	vraag	
die in Hoofdstuk 4	onbeantwoord	blijft,	komt	overeen	met	onderzoeksvraag	
3:	verbetert	metformine	het	cardiovasculaire	risicoprofiel?
 Hoofdstuk 5	is	de	beschrijving	van	de	opzet	van	de	‘	Glycometabolic	
Intervention	as	Adjunct	to	Primary	Percutaneous	Intervention	in	ST	Elevation	
Myocardial	 Infarction	 Trial	 (GIPS-III)’.	 De	 GIPS-III-studie	 werd	 ontworpen	
als	 een	 dubbelblinde,	 placebo-gecontroleerde,	 gerandomiseerde	 klinische	
studie	om	de	hierboven	geformuleerde	onderzoeksvragen	te	beantwoorden.	
De	hypothese	van	de	GIPS-III	was	dat	metformine	in	vergelijking	met	placebo	
linkerventrikelfunctie	na	een	ST-segment	elevatie	myocardinfarct	bij	patiënten	
zonder	diabetes	verbetert.	Hoofdstuk	5	beschrijft	in	detail	alle	stappen	die	de	
patiënten	ondergingen,	de	eindpunten	die	werden	beoordeeld,	en	hoe	de	
veiligheid	en	de	validiteit	van	het	onderzoek	geborgd	was.
	 In	iets	minder	dan	twee	en	een	half	jaar	werd	de	inclusie	van	de	GIPS-
III-studie	afgerond.	Vierhonderd	en	dertig	patiënten	werden	benaderd	voor	
deelname	aan	de	 studie,	 en	driehonderd	 en	 tachtig	patiënten	 stemden	 in	
met	deelname.	De	belangrijkste	vraag	van	het	hele	onderzoek	is	hierboven	
geformuleerd	als	onderzoeksvraag	1;	deze	wordt	beantwoord	in	Hoofdstuk 
6.	De	inclusie	van	de	patiënten,	de	demografische	en	andere	kenmerken	bij	
aanvang,	en	vooralde	metingen	van	de	 functie	van	de	 linker	 ventrikel	 vier	
maanden	na	het	hartinfarct,	 zijn	de	belangrijkste	 items	 van	dit	 hoofdstuk.	
De	 linker	 ventrikelfunctie	 werd	 beoordeeld	 vier	 maanden	 na	 het	 infarct	
met	behulp	van	magnetic	resonance	 imaging	 (MRI),	dat	beschouwd	wordt	
als	de	gouden	standaard.	De	linker	ventrikelfunctie	in	de	metformine	groep	
bedroeg	 53.1%,	 	 in	 de	 placebo	 groep	 was	 dit	 54.8%.	 Dit	 verschil	 is	 niet	
statistisch	significant.	Bovendien	heeft	metformine	geen	enkel	effect	op	het	
niveau	 van	de	NT-proBNP,	 een	marker	 van	hartfalen.	 Er	 zijn	 geen	effecten	
van	 metformine	 op	 linkerventrikelfunctie	 binnen	 vooraf	 gespecificeerde	
subgroepen	waargenomen.	Desalniettemin	had	het	gebruik	van	metformine	
geen	nadelige	gevolgen	op	het	voorkomen	van	cardiovasculaire	eindpunten	
‘cardiale	events’.	Concluderend	kan	gesteld	worden	dat	metformine	de	linker	
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ventrikelfunctie	na	een	myocardinfarct	niet	verbetert.
	 Het	doel	van	Hoofdstuk 7 was	om	onderzoeksvraag	3	te	beantwoorden:	
kan	metformine	 het	 cardiovasculaire	 risicoprofiel	 verbeteren	 bij	 patiënten	
zonder	 diabetes?	 Patiënten	 zonder	 diabetes	 werden	 geselecteerd	 uit	 de	
GIPS-III	 studie.	 Het	 cardiovasculaire	 risicoprofiel	 bestaat	 uit	 verschillende	
klinisch	relevante	en	beinvloedbare	factoren,	waaronder	(maar	niet	beperkt	
tot):	 cholesterolprofiel,	 lichaamsgewicht,	 glucose	 regulatie,	 bloeddruk	 en	
roken.	 Vier	maanden	 behandeling	met	metformine	 leidde	 tot	 verbetering	
van	 de	 cholesterolwaarden,	 tot	 een	 lager	 lichaamsgewicht	 en	 een	 betere	
glucose	regulatie.	Er	werden	geen	effecten	van	metformine	op	de	bloeddruk	
of	 stoppen	 met	 roken	 waargenomen.	 Deze	 verbeteringen	 resultaten	
samen	tot	een	 lager	cardiovasculair	risicoprofiel.	Of	deze	door	metformine	
geïnduceerde	verbetering	van	het	cardiovasculair	 risicoprofiel	 resulteert	 in	
een	betere	prognose	kan	nog	niet	worden	afgeleid	uit	deze	studie.
	 Of	 toediening	 van	 metformine	 zo	 spoedig	 mogelijk	 na	 percutane	
coronaire	interventie	bij	patiënten	met	ST-segment	elevatie	myocardinfarct	
kan	leiden	tot	kleinere	hartspierschade	was	de	centrale	vraag	in	Hoofdstuk 
8.	Myocardiale	infarctgrootte	werd	beoordeeld	op	twee	manieren:	ten	eerste	
door	het	meten	van	de	hoeveelheid	markers	van	myocardiale	schade	in	het	
bloed	 gedurende	 de	 opname	 aansluitend	 aan	 het	 hartinfarct;	 anderzijds	
door	 beoordeling	 van	 de	 grootte	 van	 het	 littekenweefsel	 met	 behulp	
van	 magnetische	 resonantie	 beeldvorming	 vier	 maanden	 na	 het	 infarct.	
Metformine	had	geen	invloed	op	de	markers	van	myocardiale	beschadiging	
en	ook	niet	 op	de	 littekengrootte	 vier	maanden	na	 infarct.	Derhalve	 is	 de	
conclusie	 van	 Hoofdstuk	 8	 dat	 toediening	 van	 metformine	 na	 percutane	
coronaire	 interventie	 de	 myocardschade	 die	 veroorzaakt	 wordt	 door	 een	
hartinfarct	niet	vermindert.
 In Hoofdstuk 9	 worden	 de	 mogelijke	 redenen	 voor	 het	 neutrale	
effect	 van	 metformine	 op	 de	 primaire	 en	 secundaire	 eindpunten	 van	 de	
GIPS-III	studie,	en	de	belangrijkste	hypotheses	van	dit	proefschrift	besproken.	
Ook	 worden	 suggesties	 gedaan	 voor	 toekomstig	 onderzoek	 naar	 de	
cardioprotectieve	effecten	van	metformine.
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