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4.	 Rationale:		
	

Fundus	photography	provides	a	noninvasive	method	of	visualizing	the	
microvasculature.		Alterations	in	the	caliber	of	the	retinal	artery	and	vein	have	been	
associated	with	inflammation[1],	endothelial	dysfunction[2],	diabetes[3],	stroke,	
and	CHD	and	its	risk	factors	[1,	3,	4].	Most	recently,	our	group	has	shown	that	
narrower	retinal	arterioles	and	wider	retinal	venules	conferred	long‐term	risk	of	
mortality	and	ischemic	stroke	in	both	genders	and	CHD	in	women[5].	Further,	
retinal	vessel	caliber	provided	incremental	value	over	the	2013	American	College	of	
Cardiology/American	Heart	Association	pooled	cohort	equations	(PCE)	in	predicting	
Atherosclerotic	Cardiovascular	Disease	Events	(ASCVE)	in	low	risk	women[5].	In	
this	study,	we	aim	to	further	characterize	the	association	of	retinal	vessel	calibers	
with	long‐term	functional	and	structural	cardiovascular	effects	through	the	use	of	
echocardiography.		We	hypothesize	that	retinal	vessel	calibers	will	be	vastly	
predictive	of	measures	of	cardiac	structure	and	function	obtained	18	years	later.	
	
5.	 Main	Hypothesis/Study	Questions:	
1)	We	hypothesize	that	retinal	vessel	calibers,	measured	at	Visit	3,	will	be	predictive	
of	echocardiographic	measures	of	cardiac	structure	and	function,	measured	18	
years	later.		
2)	We	hypothesize	that	retinal	vessel	calibers	will	be	independently	predictive	of	
cardiac	structure	and	function	over	traditional	cardiovascular	risk	factors	such	as	
blood	pressure	and	hypertension.	
	
6.	Design	and	analysis	(study	design,	inclusion/exclusion,	outcome	and	other	
variables	of	interest	with	specific	reference	to	the	time	of	their	collection,	
summary	of	data	analysis,	and	any	anticipated	methodologic	limitations	or	
challenges	if	present).	
	
Basic	Study	Design	and	study	population:	

Retinal	vessel	calibers	were	measured	from	retinal	fundus	photographs	
taken	at	the	third	examination	(in	which	12,887	subjects	attended).		Other	
considered	risk	factors	will	also	be	from	the	third	examination,	and	the	
echocardiographic	measures	taken	at	the	fifth	examination.	
Exposures	and	their	measurement:	
Exposures	are	Central	retinal	arteriolar	equivalent	(CRAE)	and	Central	retinal	
venular	equivalent	(CRVE).	Retinal	photographs	were	captured	and	digitized.	CRAE	
and	CRVE	were	calculated,	representing	the	average	of	estimated	calibers	for	the	
central	retinal	vessels.	The	reproducibility	statistics	for	CRAE	and	CRVE	were	high,	
reflecting	repeat	readings	of	the	same	fundal	photograph	[6].	
Outcomes	and	their	measurement:	



Echocardiographic	measures‐‐Left	ventricular	dimensions	and	volume,	systolic	
function,	LV	diastolic	measures,	LA	dimensions	and	function,	tissue	Doppler	and	
speckle	tracking	based	strain	(longitudinal,	circumferential	and	radial),	RV	
dimension,	volumes,	and	function.	
ECG	measures—heart	rate,	PR,	QRS,	and	QT	interval,	RBBB	and	LBBB	
Plasma	measures—brain	natriuretic	peptide	levels	
Confounders	and	their	measurement:	
Age,	gender,	race	(self	reported	“African	American”	or	“other”),	Total	cholesterol	
(TChol,	continuous	variable	measured	by	blood	plasma	assay),	high	density	
lipoprotein	(HDL,	continuous	variable	measured	by	blood	plasma	assay),	systolic	
and	diastolic	blood	pressure	(SBP,	DBP	continuous	variable	was	measured	3	times	
using	a	random‐zero	sphygmomanometer	and	the	average	of	the	2nd	and	3rd	
measurements	used	for	analysis),	hypertension	status	(categorical	variable	defined	
as	antihypertensive	medications	within	the	past	2	weeks	of	examination	were	self‐
reported	or	taken	from	prescription	bottles	or	BP>	140/90),	diabetes	mellitus	
status	(categorical	variable),	body	mass	index,	estimated	Glomerular	Filtration	Rate.		
Analysis	plan:	
Visit	3	will	serve	as	the	baseline	for	these	analyses.	Data	will	be	reported	as	
frequencies	and	percentages	and	compared	by	chi‐squared	or	Fisher	exact	tests.	
Mean	and	standard	deviation	will	be	used	to	summarize	continuous,	normally	
distributed	data;	non‐normally	distributed	data	will	be	summarized	as	median	and	
25th	‐75th	percentile.	Interactions	between	age,	sex,	and/or	race	and	the	relationship	
between	CRAE/CRVE	and	echocardiographic	outcomes	will	be	assessed.	Stratified	
analysis	by	age,	sex	and/or	race	strata	will	be	performed	if	a	significant	interaction	
is	apparent.	The	association	between	CRAE/CRVE	and	echocardiography	measures	
will	be	analyzed	with	multivariable	linear	regression	controlling	for	potential	
confounders	such	as	age,	sex,	race,	BMI,	ARIC	center,	and	diabetes	mellitus.		Inverse	
probability	weighting	will	be	used	to	account	for	the	non‐randomness	of	missing	
echocardiographic	data	at	Visit	5.	
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exclude	those	with	value	RES_DNA	=	“No	use/storage	DNA”?	 	 	
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11.a.	Is	this	manuscript	proposal	associated	with	any	ARIC	ancillary	studies	or	
use	any	ancillary	study	data?	____	Yes				___x_	No	
	
11.b.	If	yes,	is	the	proposal		
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12a.	Manuscript	preparation	is	expected	to	be	completed	in	one	to	three	
years.		If	a	manuscript	is	not	submitted	for	ARIC	review	at	the	end	of	the	3‐
years	from	the	date	of	the	approval,	the	manuscript	proposal	will	expire.	
	
12b.	The	NIH	instituted	a	Public	Access	Policy	in	April,	2008	which	ensures	that	
the	public	has	access	to	the	published	results	of	NIH	funded	research.		It	is	your	
responsibility	to	upload	manuscripts	to	PUBMED	Central	whenever	the	journal	
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