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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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