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CHAPTER 1
General introduction and aims of the thesis
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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).

A B

C
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