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CHAPTER 3
Effects of metformin on insulin resistance in 
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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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