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Background: No other disease has killed more than ischemic heart disease (IHD) for the past 
few years globally. Despite the advances in cardiology, the response time for starting treat-
ment still leads patients to death because of the lack of healthcare coverage and access to 
referral centers.
Objectives: To analyze the spatial disparities related to IHD mortality in the Parana state, Brazil.
Methods: An ecological study using secondary data from Brazilian Health Informatics Depart-
ment between 2013–2017 was performed to verify the IHD mortality. An spatial analysis was 
performed using the Global Moran and Local Indicators of Spatial Association (LISA) to verify 
the spatial dependency of IHD mortality. Lastly, multivariate spatial regression models were 
also developed using Ordinary Least Squares and Geographically Weighted Regression (GWR) 
to identify socioeconomic indicators (aging, income, and illiteracy rates), exam coverage (cath-
eterization, angioplasty, and revascularization rates), and access to health (access index to 
cardiologists and chemical reperfusion centers) significantly correlated with IHD mortality. 
The chosen model was based on p < 0.05, highest adjusted R² and lowest Akaike Information 
Criterion.
Results: A total of 22,920 individuals died from IHD between 2013–2017. The spatial  analysis 
confirmed a positive spatial autocorrelation global between IDH mortality rates (Moran’s I: 
0.633, p < 0.01). The LISA analysis identified six high-high pattern clusters composed by 66 
municipalities (16.5%). GWR presented the best model (Adjusted R²: 0.72) showing that acces-
sibility to cardiologists and chemical reperfusion centers, and revascularization and angioplasty 
rates differentially affect the IHD mortality rates geographically. Aging and illiteracy rate 
presented positive correlation with IHD mortality rate, while income ratio presented negative 
correlation (p < 0.05).
Conclusion: Regions of vulnerability were unveiled by the spatial analysis where sociodemo-
graphic, exam coverage and accessibility to health variables impacted differently the IHD mor-
tality rates in Paraná state, Brazil.
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Highlights
•	 The	increase	in	ischemic	heart	disease	mortality	rates	is	related	to	geographical	disparities.
•	 The	IHD	mortality	is	differentially	associated	to	socioeconomic	factors,	exam	coverage,	and	access	
to	health.

•	 Higher	accessibility	to	chemical	reperfusion	centers	did	not	necessarily	improve	patient	outcomes	
in	some	regions	of	the	state.

•	 Clusters	of	high	mortality	rate	are	placed	in	regions	with	low	amount	of	cardiologists,	income	and	
schooling.
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Introduction
Ischemic	heart	disease	(IHD)	is	projected	to	continue	to	be	a	major	cause	of	death	in	2030	[1].	Although	the	
advances	in	cardiology,	IHD	has	become	an	epidemic	disease	and	one	of	the	main	causes	of	hospitalizations	
and	morbimortality	worldwide	[2].	According	to	the	World	Health	Organization,	more	than	9	million	deaths	
from	IHD	were	estimated	in	2016	[3].	In	2015,	most	IHD	deaths	occurred	in	Brazil,	which	was	the	upper-
middle-income	country	with	the	second-highest	number	of	deaths	[4].
It’s	well	known	that	socioeconomically	disadvantaged	groups	are	at	high	risk	of	cardiovascular	diseases	

with	poor	outcome	[5].	In	addition,	the	inequalities	in	healthcare,	major	disparities	in	individual	income	and	
education	[6],	low	accessibility	to	healthcare	centers	and	limited	health	coverage	offered	to	the	patients	[7]	
may	be	responsible	for	IHD	mortality	rates	in	Brazil.
Easy	access	to	healthcare	centers	lowers	the	mortality	and	morbidity	generally	[8].	However,	some	studies	

have	shown	that	the	healthcare	resources	are	unequally	distributed	across	regions	in	Brazil	[9].	Thus,	geo-
statistical	tools	such	as	spatial	analysis	to	verify	the	geographically	variance	of	IHD	risks	could	increase	the	
optimization	of	healthcare	resource	allocations	[10].
Brazil	is	a	perfect	setting	for	an	analysis	of	the	interaction	between	healthcare	access,	socioeconomic	ine-

quality,	and	outcomes.	Exploring	and	mapping	spatially	the	disease’s	risk	and	mortality	is	determinant	for	
its	comprehension	and	proper	healthcare	organization	and	planning	[11].	Using	tools	based	on	geographic	
information	systems,	it	is	possible	to	identify	patterns	associated	with	the	sociodemographic	profiles,	cover-
age	of	tests,	procedures	and	accessibility	for	each	area,	which	collaborates	in	taking	measures	and	modifying	
health	policy	plans	[11,	12].
Given	this	context,	this	study	aims	to	analyze	the	spatial	distribution	of	mortality	rates	due	to	IHD	and	its	

association	with	sociodemographic	indicators,	exam	coverage,	and	accessibility	to	health	in	the	State	of	Paraná,	
Brazil,	in	order	to	verify	whether	high	mortality	due	to	IHD	is	related	to	the	disparities	in	the	municipalities.

Methods
Study design and location
This	is	an	ecological	study	using	spatial	analysis	tools	based	on	secondary	data	from	IHD	mortality	data	in	
Paraná	State,	from	2013	to	2017.	For	the	assessment	of	methodological	quality,	we	followed	the	recommenda-
tions	from	the	guideline	Strengthening the Reporting of Observational Studies in Epidemiology	(STROBE)	[13].
According	to	Brazilian	Institute	of	Geography	and	Statistics	data	(2015),	Paraná	is	located	in	the	southern	

region	of	Brazil,	occupying	an	area	of	199,880	km²,	with	latitude	coordinates	22º30’58’’	and	26º43’00’’,	and	
longitude	coordinates	48º05’37’’	and	54º37’08’’	[14].	Paraná	has	a	total	of	10,439,601	inhabitants,	with	the	
majority	living	in	urban	area	(85.3%),	and	being	the	sixth	most	populous	state	in	Brazil	(5.5%	of	the	total	
population)	[14,	15].	This	state	is	bordered	by	the	countries	Argentina	and	Paraguay	and	the	Brazilian	states	
of	São	Paulo,	Mato	Grosso	do	Sul,	and	Santa	Catarina.	Paraná	is	divided	by	10	geographical	mesoregions,	
composed	of	399	municipalities.	The	state	has	a	GINI	Index	of	0.60,	with	values,	diversified	by	municipality,	
ranging	from	0.33	to	0.66	(Figure 1)	[16].

Data Information
IHD mortality data
In	the	Brazilian	Mortality	Information	System	(SIM),	all	deaths	from	IHD	aged	between	30	and	79	years	old	
registered	with	the	ICD-10	(I20.0	to	I25.9)	in	the	years	2013	to	2017	[5,	17]	were	collected.	The	population	
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data	by	city,	also	aged	between	30	and	79	years	old,	were	obtained	from	Brasilian	Institute	of	Geography	
and	Statistics	(IBGE)	[14].	Thus,	we	calculated	the	age	adjusted	specific	IHD	mortality	rate	per	municipality,	
according	to	the	American	Heart	Association	Guidelines	[18].

Study variables and source
In	order	 to	verify	 the	association	between	 IHD	mortality	 rate	and	exam	coverage	 indicators,	 sociodemo-
graphic	variables,	and	accessibility	to	health,	this	study	evaluated	the	following	variables:	aging	rate,	income,	
illiteracy	rate,	proportion	of	family	health	program	coverage,	catheterization	rate,	scintigraphy	rate,	angio-
plasty	rate,	chemical	reperfusion	rate,	echocardiography	rate,	revascularization	rate,	exercise	test	rate,	and	
accessibility	to	cardiologists,	chemical	reperfusion	centers,	and	mechanical	reperfusion	centers	[19].	These	
variables	were	selected	to	represent	characteristics	that	may	affect	IHD	mortality	rates	[20].	The	variables	of	
race,	ethnicity,	and	gender	were	analyzed	in	the	study	but	excluded	because	they	did	not	have	significance	
in	multivariate	regression	and	increased	multicollinearity.
The	 health	 coverage	 data	 were	 obtained	 from	 the	 Brazilian	 National	 Register	 of	 Health	 Facilities	

(CNES)	 [21],	 while	 the	 indicator	 variables	 to	 create	 the	 examination	 rates	 were	 obtained	 from	 the	
Brazilian	 Hospital	 Information	 System	 (SIH)	 by	 the	 Microdatasus	 package,	 using	 the	 R	 studio	 software		
[22].

Cartographic bases
Cartographic	base	data	for	all	municipalities	in	Paraná	State	in	2017	was	obtained	from	the	Paraná	Land,	
Cartography	and	Geology	Institute	–	ITCG	(www.pr.gov.br/itcg)	[23].

Data availability
All	data	are	publicly	and	freely	available	from	the	Brazilian	Health	System	Informatics	Department	(DATASUS).	
Table 1	lists	all	datasets	accessed	and	utilized	in	this	study.

Figure 1:	Geographic	location	of	South	America,	Brazil	(bigger	insert)	and	Paraná	State	(green,	in	smaller	
insert)	and	location	of	Parana	State’s	10	geographical	mesoregions	and	indication	of	it’s	municipalities	
according	to	GINI	Index	variation,	Brazil	(2019).

http://www.pr.gov.br/itcg
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Accessibility
Accessibility to cardiologists’ office and referral centers of chemical reperfusion 
and mechanical reperfusion
Two	Step	Floating	Catchment	Area	(2SFCA)	on	ArcGIS®	software	(ESRI	Company,	USA,	2020)	was	used	to	
create	three	accessibility	indexes	in	order	to	verify	the	geographical	accessibility	(availability	and	proximity)	
[24],	to	cardiologists,	chemical	reperfusion	centers	and	mechanical	reperfusion	centers.	In	the	first	step,	the	
capacity	of	each	center	was	calculated	using	the	total	number	of	cardiologists	and	service	capacity	available	
in	referral	centers	chemical	and	mechanical,	inside	a	buffer	with	60	km	radius	surrounding	each	cardiolo-
gists’	office	and	the	referral	centers	were	created	to	verify	the	population	potentially	coverage	[25].	For	the	
access	time,	the	distance	of	60	km	was	evaluated,	considering	that	the	patient	must	reach	the	reperfusion	
centers	within	the	recommended	time	of	60	minutes.	In	the	first	step,	the	capacity	of	each	center	is	deter-
mined,	while	the	second	step	consists	of	summing	up	the	capacities	within	the	buffer	taking	into	account	
the	overlapped	health	service	area.	Thus,	the	accessibility	is	the	available	amount	of	cardiologists	and	refer-
ral	centers	chemical	and	mechanical	per	 local	population	added	up	within	60	km	of	each	health	service	
[25,	26,	27].	The	result	is	an	accessibility	index	to	cardiologists,	chemical	reperfusion	referral	centers	and	
mechanical	reperfusion	centers	for	each	municipality.	A	higher	accessibility	index	indicates	more	access	to	
these	resources	for	a	given	municipality.

Table 1: Data	sources	used	for	the	analysis	of	this	study.

Source Variables Period Link

DATASUS	–	Mortality	
	Information	System	(SIM)

•	 Cause	of	death	coded	by	ICD-10:	
I20,	I21,	I22,	I23,	I24,	I25

•	 Deaths	in	people	between	30	and	
79	years-old

2013–2017 https://datasus.saude.
gov.br/

CNES	
National	Register	of	Health	
Facilities

•	 Geolocation	of	chemical	
	reperfusion	centers

•	 Geolocation	of	mechanical	
	reperfusion	centers

•	 Geolocation	of	the	number	of	
	cardiologists

2013–2017 http://cnes.datasus.
gov.br/

ITCG	
Paraná	Land,	C	artography	
and	Geology	Institute

•	 Shapefile	of	the	State	and	munici-
palities	of	Paraná

2015 http://www.itcg.
pr.gov.br/mod-
ules/faq/category.
php?categoryid=8

IBGE	
Brazilian		Institute	of	
	Geography	and	Statistics

•	 Population 2013–2017 https://www.ibge.gov.
br/

PNUD	
United	Nations		Development	
	Program

•	 Aging	rate

•	 Income	ratio

•	 Illiteracy

•	 GINI

2010 http://www.atlasbrasil.
org.br/2013/pt/down-
load/

Software	R		
(microdatasus)	

DATASUS	–	Hospital	infor-
mation	system	–	SIH

•	 Number	of	catheterization

•	 Number	of	scintigraphy

•	 Number	of	angioplasty

•	 Number	of	chemical	reperfusions

•	 Number	of	echocardiography

•	 Number	of	revascularization

•	 Number	of	exercise	test

2013–2017 https://www.scielo.br/
scielo.php?script=sci_
arttext&pid=S0102-
311X2019001104001

https://datasus.saude.
gov.br/

PMAQ	
Portal	of	the		Secretariat	of	
Primary	Health	Care

•	 Proportion	of	family	health		program 2015 https://aps.saude.gov.
br/ape/pmaq

https://datasus.saude.gov.br/
https://datasus.saude.gov.br/
http://cnes.datasus.gov.br/
http://cnes.datasus.gov.br/
http://www.itcg.pr.gov.br/modules/faq/category.php?categoryid=8
http://www.itcg.pr.gov.br/modules/faq/category.php?categoryid=8
http://www.itcg.pr.gov.br/modules/faq/category.php?categoryid=8
http://www.itcg.pr.gov.br/modules/faq/category.php?categoryid=8
https://www.ibge.gov.br/
https://www.ibge.gov.br/
http://www.atlasbrasil.org.br/2013/pt/download/
http://www.atlasbrasil.org.br/2013/pt/download/
http://www.atlasbrasil.org.br/2013/pt/download/
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2019001104001 
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2019001104001 
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2019001104001 
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-311X2019001104001 
https://datasus.saude.gov.br/
https://datasus.saude.gov.br/
https://aps.saude.gov.br/ape/pmaq
https://aps.saude.gov.br/ape/pmaq
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Geospatial Analysis
Spatial inference
Spatial	 analysis	 was	 applied	 to	 determine	 the	 existence	 of	 significant	 Global	 Spatial	 Autocorrelation	
(Moran’s	 I)	 and	Local	 Index	of	Spatial	Autocorrelation	 (LISA)	 to	verify	 the	 influence	of	 spatiality	on	 IHD	
mortality	rate	using	GeoDa	software	version	1.12.0	[28].
Moran’s	I	only	verifies	the	presence	of	spatiality	globally,	meaning	that	local	patterns	of	spatial	association	

may	be	hidden	[29].	In	order	to	avoid	this,	LISA	was	applied	to	identify	the	significant	formation	of	clusters	
locally	 [30],	 categorized	 as:	 high-high	 (HH)	 clusters,	 in	which	 they	 are	 a	 set	 of	municipalities	with	high	
IHD	mortality	rates	surrounded	by	other	municipalities	with	high	IHD	mortality	rates.	On	the	other	hand,	
low-low	clusters	(LL)	are	groups	of	municipalities	with	low	IHD	mortality	rates	surrounded	by	municipali-
ties	with	low	IHD	mortality	rates.	The	global	and	local	spatial	autocorrelation	coefficients	were	considered	
significant	when	p	<	0.05	[28].

Spatial regression
To	identify	which	sociodemographic,	health	coverage,	procedures	and	health	access	indicators	had	the	great-
est	geospatial	impact	on	the	spatial	distribution	of	IHD	mortality	rate,	we	performed	a	multivariate	spatial	
regression	analysis	using	Ordinary	Least	Squares	(OLS)	and	Geographically	Weighted	Regression	(GWR).	The	
OLS	regression	does	not	take	spatial	dependence	into	the	analysis	[31].	On	the	other	hand,	GWR	considers	
spatial	dependency	by	performing	several	separated	regressions,	identifying	significant	geographic	clusters	
within	the	studied	area	[32].	Additionally,	GWR	produces	an	estimate	for	the	association	between	IHD	mor-
tality	rate	and	its	predictor	variables,	from	analysis	of	the	local	spatial	variability	for	each	municipality.
The	 selection	 of	 variables	 for	 the	 final	model	was	 based	 on	 the	 criteria	 of	 low	multicollinearity,	with	

a	result	of	29.7	(Conditional	number	test	–	Geoda),	preventively	showing	that	multicollinearity	does	not	
influence	the	regression	results	[31].	Thus,	initially,	each	significant	variable	in	the	global	model	(OLS)	were	
tested	in	the	local	model	(GWR),	allowing	to	verify	the	presence	of	spatial	non-stationarity,	and	that	the	cor-
relations	of	the	regression	variables	vary	locally	in	relation	to	space,	as	indicated	by	the	chloroplastic	maps,	
indicating	the	differential	spatial	impact	of	each	variable	on	IHD	mortality	rates.
The	chosen	model	between	OLS	and	GWR	was	the	one	that	provided	the	best	fit	based	on	the	p	<	0.05,	

highest	adjusted	R²,	lowest	Akaike	Information	Criterion	(AIC)	and	Moran’s	I	residuals.	GeoDa	software	was	
utilized	to	generate	the	OLS	model;	R	Studio	software	was	used	to	execute	the	GWR	model	and	QGIS	soft-
ware,	version	2.14.9,	was	used	to	generate	choropleth	maps.

Ethical aspects
This	study	did	not	require	ethical	approval	and	consent	form,	since	we	used	data	from	secondary	sources	
in	 publicly	 available,	 government	 and	 online	 databases	 (https://datasus.saude.gov.br/informacoes-de-
saude-tabnet/).	Nevertheless,	this	study	followed	the	Brazilian	National	Guidelines	for	research	with	human	
beings,	according	to	Resolution	510/2016	of	the	National	Health	Council.

Results
During	the	analyzed	period,	22,920	deaths	due	to	IHD	occurred	mainly	among	men	(64.5%),	aging	between	
70	and	79	years	(36.7%),	white	(73.2%),	married	(49.1%),	and	with	up	to	seven	years	of	schooling	(57.6%).	
Most	deaths	occurred	in	the	hospital	(49.5%),	followed	by	deaths	at	home	(30.2%).
	Regarding	spatial	patterns	of	death	distribution	from	IHD	in	the	399	cities	in	Parana	State,	on	average	

44.0/100,000	(+/–	10.6;	Standard	Deviation)	inhabitants	died	per	year	from	IHD.	The	399	cities	presented	
IHD	mortality	rates	between	22.8	and	76.3	per	100,000	inhabitants,	these	cities	being	located	at	high	rates	
(50.6	to	76.3	per	100,000	 inhabitants)	mainly	 in	Central-West,	NorthWest,	North	Pioneer,	and	Southeast	
regions	of	the	Paraná	state	(Figure 2A).
Global	Moran	Univariate	Analysis	indicated	the	existence	of	a	positive	spatial	autocorrelation	(Moran’s	I	=	

0.633,	p	<	0.01),	demonstrating	that	municipalities	with	high	mortality	rates	by	IHD	tend	to	be	surrounded	
by	neighboring	towns	with	similar	high	rates.
According	to	Figure 2B,	the	LISA	analysis	detected	six	high-high	(HH)	pattern	clusters,	indicating	cities	

with	high	IHD	mortality	rates	close	to	neighbors	also	showing	high	IHD	mortality	rates,	covering	16.5%	of	
the	municipalities	in	the	state.	It	was	also	observed	in	six	low-high	(LH)	pattern	clusters,	indicating	cities	
with	low	IHD	mortality	rates	with	neighbors	with	high	IHD	mortality	rates.	Only	one	high-low	cluster	(HL)	
was	identified	in	the	North	Central	of	Paraná,	indicating	cities	with	high	IHD	mortality	rates	with	neighbors	

https://datasus.saude.gov.br/informacoes-de-saude-tabnet/
https://datasus.saude.gov.br/informacoes-de-saude-tabnet/
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with	low	IHD	mortality	rates.	Considering	the	two	largest	HH	clusters,	one	included	municipalities	located	
in	the	Central-West	and	North	Central,	and	the	other	included	municipalities	located	in	the	North	Pioneer	
and	East-Central	of	the	state.
The	spatial	 regression	was	performed	and	from	the	 initial	 set	of	14	variables,	8	 remained	significant.	

Table 2	presents	the	results	of	the	multivariate	spatial	regression	analysis	to	identify	variables	that	were	
correlated	with	municipalities’	 IHD	mortality	 rates.	According	 to	global	OLS	 results,	 the	 following	vari-
ables	were	removed	(p	>	0.05):	accessibility	to	chemical	reperfusion	centers,	proportion	of	family	health	
program	coverage,	 scintigraphy	 rate,	 chemical	 reperfusion	 rate,	 echocardiography	 rate,	 and	 ergometric	
(exercise)	test	rate	(Table 2).	In	addition,	according	to	global	OLS	results,	the	variables	that	remained	in	
the	modeling	process	(p	<	0.05)	were:	accessibility	to	cardiologists,	accessibility	to	hospitals	with	chemical	
reperfusion,	aging	rate,	income	ratio,	illiteracy,	catheterization	rate,	angioplasty	rate,	and	revascularization	
rate	(Table 2).
As	 indicated	 in	Table 2,	 the	GWR	multivariate	model,	 considering	 the	 significant	 variables,	 showed	

a	 significant	 improvement,	presenting	better	AIC,	Moran’s	 I	 residuals	and	adjusted	R2	when	compared	
with	the	OLS	model,	indicating	that	these	variables	correlate	differently	with	IHD	mortality	rates	in	the	
geographical	level.
The	GWR	model	had	better	performance	in	understanding	the	associations	between	the	variables	and	IHD	

mortality	rate.	However,	the	model	adjustment	(Adjusted	R2)	varied	spatially	(Figure 3).	The	North	Central,	
North	Pioneer,	East-Central,	Metropolitan	and	parts	of	the	West	and	South-West	mesoregions	presented	bet-
ter	model	adjustment.	The	Northwest,	Center-West,	South-Central,	and	Southeast	mesoregions	presented	
lower	values	of	GWR	model	adjustment,	below	0.6	(Figure 3).
The	spatial	impact	of	each	significant	variable	included	in	the	GWR	model	on	IHD	mortality	rate	are	indi-

cated	in	the	Figures 4,	5,	and	6.
The	GWR	analysis	results	presented	the	distinctive	spatial	impact	and	pattern	of	each	variable,	influencing	

IHD	mortality	rates.	As	indicated	in	Figures 4,	5,	and	6,	some	variables	presented	a	homogeneous	influence	
over	the	municipalities,	while	others	presented	more	heterogeneous	spatial	influence.	The	following	vari-
ables	presented	negative	correlation	with	IHD	mortality	rate:	access	to	cardiologists	(most	on	Central-West	
and	part	of	Northwest,	North-Central,	West	and	Southwest	mesoregions)	(Figure 4 A3),	access	to	chemical	
reperfusion	centers	 (most	on	Central-West	and	few	on	South-Central	mesoregions)	 (Figure 4 B3),	angio-
plasty	rate	(most	on	Northwest,	Central-West,	West,	and	North-Central;	few	on	South-Central,	Southeast	and	
Metropolitan	mesoregions)	(Figure 6 B3)	and	revascularization	rate	(most	on	Northwest	and	part	of	North	
Central	and	Central-West	mesoregions)	 (Figure 6 C3).	These	data	 indicated	that	 in	these	regions,	higher	
access	to	cardiologists,	chemical	perfusion	centers,	and	higher	angioplasty	rate	and	revascularization	rate	
are	associated	with	lower	IHD	mortality	rate.

Figure 2:	Spatial	distribution	of	IHD	mortality	rates	in	the	399	municipalities	of	Parana	State,	Brazil,	and	its	
clusters.	A)	IHD	mortality	rates	by	adjusted	population/100	thousand	inhabitants	in	Parana	State,	2013	
to	2017;	B)	Local	Indicators	of	Spatial	Association	(LISA)	analysis	indicating	clusters	according	to	high	and	
low	IHD	mortality	rates	distribution	patterns.
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Figure 4:	Indicators	of	accessibility	to	cardiologists	(Panels	A)	and	to	chemical	reperfusion	centers	(Panels	
B)	 in	 Parana	 state,	 Brazil,	 according	 to	 Frequency	Distribution	 (1),	 values	 of	GWR	 coefficients	 (2)	 and	
significance	(3)	where	<–	1.96	(light	green)	indicates	significant	negative	correlation	and	>1.96	indicates	
significant	positive	correlation	(dark	green).

Figure 3:	Spatial	distribution	of	local	GWR	adjusted	R2	values	according	to	each	Parana	State	municipality,	
located	in	mesoregions.
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In	 addition,	 aging	 rate	 (Figure 5 A3)	 and	 illiteracy	 rate	 (Figure 5 C3)	 presented	positive	 correlation,	
while	income	ratio	presented	negative	correlation	(Figure 5 B3),	with	IHD	mortality	rate,	in	all	significant	
municipalities	 and	mesoregions,	 indicating	 that	municipalities’	 higher	 aging	 rate	 and	 illiteracy	 rate	 and	
lower	income	ratio	are	associated	with	higher	IHD	mortality	rates.
Concomitantly,	 in	other	mesoregions,	differential	spatial	 impact	was	observed	concerning	some	of	the	

accessibility	and	intervention	variables	and	the	following	variables	presented	positive	correlation	with	IHD	
mortality	rate:	access	to	cardiologists	(East-Central	mesoregion)	(Figure 4 A3),	access	to	chemical	reperfu-
sion	centers	(most	on	North-Central	and	Southeast,	part	of	Northwest	and	Metropolitan,	and	few	on	West,	
North	Pioneer	and	South-Central)	(Figure 4 B3),	catheterization	rate	(all	significant	municipalities	and	mes-
oregions)	(Figure 6 A3),	angioplasty	rate	(North	Pioneer)	(Figure 6 B3),	and	revascularization	rate	(most	
on	South-Central	and	East-Central,	part	of	West	and	Southwest	and	few	on	Southeast,	North-Central,	North	
Pioneer,	and	Metropolitan)	 (Figure 6 C3).	These	data	 indicated	 that	 in	some	specific	municipalities	and	
mesoregions	facilitated	access	to	healthcare	and	cardiological	interventions	did	not	present	favorable	out-
comes;	on	the	contrary,	surprisingly,	they	were	correlated	with	higher	IHD	mortality	rates,	suggesting	that	
the	quantity	and	quality	of	access	and	services	in	these	locations	are	not	enough	and	need	to	be	improved	
to	prevent	 IHD	mortality.	Additionally,	other	unidentified	factors	may	be	 influencing	these	outcomes,	as	
addressed	in	the	Discussion	section.

Figure 5:	Socioeconomic	indicators:	aging	rate	(Panels	A);	income	ratio	(Panels	B)	and	illiteracy	(Panels	C)	in	
Parana	state,	Brazil,	according	to	Frequency	Distribution	(1),	values	of	GWR	coefficients	(2),	and		significance	
(3)	where	<–1.96	(light	green)	indicates	significant	negative	correlation	and	>1.96	indicates	significant	
positive	correlation	(dark	green).
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Discussion
In	this	study,	the	spatial	distribution	of	IHD	mortality	rate	by	municipalities	was	evaluated	in	order	to	ver-
ify	its	association	with	sociodemographic,	exam	coverage,	and	access	to	health	indicators	in	Parana	state,	
located	in	Brazil.
The	GWR	analysis	presented	the	best	fitted	multivariate	model	and	in	the	preliminary	analysis	showed	

that	sex/gender	and	race/ethnicities	were	not	significantly	related	with	IHD	mortality	(p	>	0.05)	rate	and	
were	not	included	in	the	final	model.	This	result	is	different	from	the	study	of	Mozaffarian	et	al.	(2015)	
who	found	that	men	and	afro-descendants	presented	a	higher	mortality	rate	due	to	 IHD	in	the	United	
States	[33].
The	reason	for	such	discrepancy	is	not	known.	However,	the	Parana	state	was	colonized	predominantly	

by	Europeans,	consisting	of	a	white	population.	Thus,	since	the	proportion	of	afro-descendants	in	Parana’s	
general	population	is	very	low,	one	possibility	is	that	its	impact	on	the	municipalities	IHD	mortality	rate	are	
also	very	low;	alternatively,	it	suggests	that	this	population	of	men	and	afro-descendants	may	be	subjected	
to	different	IHD	risk	factors	according	to	Brazil’s	region.
The	 results	 in	 our	 study	 indicated	 that	 accessibility	 to	 cardiologists,	 accessibility	 to	 chemical	 reperfu-

sion	 centers,	 and	 angioplasty,	 catheterization,	 and	 revascularization	 rates	 presented	 differential	 spatial	
association	with	municipalities’	 IHD	mortality	 rates.	 The	 study	 showed	 that	 in	 some	municipalities	 and	

Figure 6:	Exam	coverage	variables:	catheterization	rate	(Panels	A);	angioplasty	rate	(Panels	B)	and	Revascu-
larization	rate	(Panels	C)	in	Parana	state,	Brazil,	according	to	Frequency	Distribution	(1),	values	of	GWR	
coefficients	(2),	and	significance	(3)	where	<–1.96	(light	green)	indicates	significant	negative	correlation	
and	>1.96	indicates	significant	positive	correlation	(dark	green).
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mesoregions,	higher	access	 to	cardiologists,	 chemical	perfusion	centers,	and	higher	angioplasty	 rate	and	
revascularization	rate	were	associated	with	lower	IHD	mortality	rates	[34].	These	findings	are	supported	by	
the	literature,	because	referring	these	patients	to	cardiologists	care	is	associated	with	more	frequent	use	of	
efficacious	therapies	and	may	improve	the	outcome	[35].
On	the	contrary,	in	some	specific	municipalities	and	mesoregions,	facilitated	access	to	the	cardiologists	

and	chemical	perfusion	centers	and	to	higher	angioplasty,	catheterization	and	revascularization	rates	did	
not	present	favorable	outcomes,	and	this	was	correlated	with	higher	IHD	mortality	rates.	Although	unex-
pected,	 these	 findings	may	 indicate	that	 in	these	specific	municipalities	and	mesoregions,	others	 factors	
may	be	related	with	patients’	poor	IHD	outcomes,	despite	the	higher	healthcare	accessibility	and	higher	
rates	of	cardiological	interventions.	These	other	factors	may	be:

1)	 Patients	are	going	to	chemical	reperfusion	centers	rather	than	hemodynamics.	Evidence	shows	
that	reperfusion	could	paradoxically	induce	an	exacerbated	tissue	injury	and	necrosis,	known	as	
reperfusion	injury,	which	may	result	in	poorer	outcomes.

2)	 Chemical	reperfusion	centers	are	not	well	located	where	there	is	more	demand	of	cardiologists,	
as	shown	in	Figure 4.	Therefore,	the	lack	of	cardiologists	in	these	centers	may	affect	the	out-
come	of	these	patients	negatively.

3)	 Patients	have	received	the	proper	interventions;	however,	because	some	services	are	not	well-
structured	or	because	of	higher	service	demands	(higher	number	of	IHD	cases)	or	a	lack	of	
professionals,	the	patients	are	not	being	submitted	to	cardiac	procedures	at	the	correct	time	for	
intervention.	According	to	some	studies,	the	delay	in	revascularization	and	other	procedures	
may	increase	morbidity	and	results	in	increase	in	mortality	rates	[36–38].

4)	 The	cardiological	healthcare	structure	(professionals,	equipments,	ambulances,	etc.)	and	services	
(angioplasty,	catheterization,	chemical	reperfusion,	etc.)	are	not	homogeneously	spatially	distrib-
uted	in	Parana	state	and	not	all	services	are	offered	depending	on	the	mesoregion,	and	in	addi-
tion,	also	the	procedure	offering	do	not	guarantee	that	professionals	and	cardiologist	physicians	
are	present	in	sufficient	number.

Regarding	the	sociodemographic	variables,	aging	rate	and	illiteracy	rate	presented	positive	correlation	with	
IHD	mortality	rate,	while	income	ratio	presented	negative	correlation.	Other	studies	also	indicated	the	same	
correlation	in	high-	and	middle-income	countries	[39,	40].	Lower	health	literacy	is	an	invisible	barrier	to	
healthcare	delivery,	which	has	been	associated	with	limited	knowledge	of	health	conditions,	medications,	
poorer	overall	health	status,	higher	healthcare	costs,	and	mortality	[41].	Additionally,	the	study	by	Paasche-
Orlow	et	al.	(2005)	corroborates	our	study	because	they	showed	that	lower	health	literacy	is	more	preva-
lent	among	older	adults	and	individuals	with	less	education	[42].	In	addition,	a	similar	study	also	analyzed	
income	and	IHD	mortality	rates	and	the	mortality	were	higher	in	low	middle	income	regions	because	these	
regions	have	more	difficulties	than	high-income	regions	to	find	resources	for	the	treatment	of	IHD	patients	
[43].	Therefore,	illiteracy,	aging,	and	low	income	lead	to	poor	outcome	of	IDH	patients.
Geographic	disparity	in	cardiovascular	disease	interventions	is	common	worldwide	[44].	A	study	in	the	

United	States	of	America	found	that	<	50%	of	patients	were	transferred	to	hospitals	for	cardiac	catheteri-
zation	[45],	increasing	patients’	poor	outcomes.	The	present	study	also	indicated	that	low	accessibility	to	
healthcare	and	low	rates	of	interventions	are	associated	with	higher	IHD	mortality	rates	in	some	mesore-
gions	of	Parana	state.
In	the	present	study,	the	results	indicated	that	in	some	specific	municipalities	and	mesoregions	of	Parana	

state	 improvement	 of	 health	 accessibility	 and	 exam	 coverage	were	not	 associated	with	 decrease	 of	 IHD	
mortality	rates,	so	future	studies	are	needed	to	identify	the	possible	other	factors	involved	in	these	specific	
settings	and	scenarios.
However,	the	data	of	the	present	study	support	that	the	expansion	of	the	hospitals	with	high	complex	

procedures	must	be	considered;	in	addition,	data	suggest	that	public	health	policies	aiming	to	reduce	the	
time	of	the	initial	cardiological	treatment	of	IHD	patients	may	reduce	the	poor	outcomes	of	these	patients	
and	decrease	the	Parana	state	IDH	mortality	rates,	considering	the	spatial	differences	and	specificities	of	
each	mesoregion,	socioeconomic	factors,	and	healthcare	accessibility	scenarios.

Limitations
There	are	some	limitations	that	need	to	be	considered	in	the	present	study	such	as	the	use	of	secondary	
data,	which	may	present	under-notifications	of	IHD	mortality	cases	in	Parana	state.	However,	the	data	qual-
ity	of	the	Mortality	Information	System	obtained	from	the	website	of	the	Brazilian	Ministry	of	Health	has	
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increased	its	credibility	and	has	been	improved.	In	addition,	since	the	number	of	cases	of	IHD	mortality	are	
high	the	final	effect	of	the	under-notifications	is	possibly	low.

Conclusion
For	the	spatial	distribution	of	IHD	mortality	rates,	the	association	of	risk	indicators	had	an	important	influ-
ence	on	the	clusters	found,	and	it	was	possible	to	estimate	the	differential	spatial	impact	of	level	of	acces-
sibility,	assistance	of	health	services,	and	socioeconomic	factors	on	these	rates	in	Parana	state	mesoregions.	
The	study	indicated	the	complexity	of	the	factors	associated	with	IDH	mortality	rates	unveiled	by	the	spatial	
analysis,	 showing	 the	distinctive	 scenarios	 of	 intervention,	 indicating	 the	 vulnerable	 areas	where	public	
interventions	may	occur,	which	may	facilitate	the	allocation	of	health	resources	and	application	of	more	
suited	prevention	policies.

Data Availability Statement
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