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Population	assessment	of	effective	blood	pressure	(BP)	control	is	fundamental	for	re-
ducing	the	global	burden	of	hypertension,	especially	in	low-		and	middle-	income	coun-
tries.	 The	 authors	 evaluated	 the	 effectiveness	 of	 BP	 control	 and	 determined	
independent	predictors	associated	with	effective	control	among	patients	with	hyper-
tension	on	drug	treatment	in	a	large	cross-	sectional	study	performed	in	two	metro-
politan	 areas	 in	 Brazil’s	 southeast	 region.	 A	 total	 of	 43	647	 patients	 taking	
antihypertensive	treatment	were	identified.	Less	than	half	of	the	patients	(40.9%)	had	
controlled	BP	 (systolic	BP	<140	mm	Hg	and	diastolic	BP	<90	mm	Hg).	 Independent	
predictors	of	BP	control	were	age,	eating	fruit	daily,	physical	activity,	previous	cardio-
vascular	disease,	male	sex,	diabetes	mellitus,	ethnicity,	and	obesity.	Simple	variables	
associated	with	BP	control	may	be	utilized	for	knowledge	translation	strategies	aiming	
to	reduce	the	burden	of	hypertension.

1  | INTRODUCTION

Cardiovascular	disease	(CVD)	is	the	leading	cause	of	mortality	world-
wide.1	About	80%	of	the	global	burden	of	CVD	death	occurs	in	low-		
and	middle-	income	countries.2	Therefore,	primary	and	secondary	CVD	
prevention	is	of	increasing	priority	for	these	countries.

Primary	 risk	 factors	 for	 a	 first	 cardiovascular	 event	 include	 age,	
sex,	 tobacco	use,	arterial	hypertension,	dyslipidemia,	diabetes	melli-
tus,	obesity,	and	physical	inactivity.3	Hypertension	is	one	of	the	lead-
ing	 preventable	 causes	 of	 cardiovascular	 morbidity	 and	 mortality.1 
Despite	 the	 availability	 of	 effective	 antihypertensive	 treatment	 and	
guidelines,	there	are	large	asymmetries	in	both	detection	and	control	
of	hypertension	across	the	world.4

The	 prevalence	 of	 uncontrolled	 hypertension	 varies	 between	
countries.	 In	 the	 United	 States,	 data	 from	 the	National	 Health	 and	
Nutrition	 Examination	 Survey	 (NHANES)	 2003–2010	 indicated	 that	
53.5%	of	 individuals	 did	not	have	 controlled	blood	pressure	 (BP)	 at	
the	 140/90	mm	 Hg	 threshold.5	 In	 Europe,	 data	 from	 the	 EURIKA	
(European	Study	on	Cardiovascular	Risk	Prevention	and	Management	
in	Daily	Practice)	 showed	 that	51.6%	of	 the	general	population	had	
uncontrolled	 hypertension.6	 Brazil’s	 population	 is	 about	 206	million	

people,	84%	of	whom	live	in	urban	areas.7	National	data	estimate	that	
the	 prevalence	 of	 referred	 hypertension	 is	 22.7%	 among	 Brazilian	
adults,8	indicating	that	there	are	approximately	36	million	people	with	
hypertension	who	are	aware	of	their	condition.	In	addition,	data	from	
the	PURE	(Prospective	Ural	Rural	Epidemiology)	study	estimated	the	
prevalence	of	hypertension	to	be	about	40%	of	the	Brazilian	popula-
tion	aged	30	to	70	years.4	Although	epidemiological	studies	have	been	
published,	predictors	of	BP	control	among	patients	with	hypertension	
who	have	access	to	Brazilian	public	health	care	are	poorly	understood.

The	aim	of	the	current	analysis	was	to	evaluate	BP	control	rates	
and	 to	 identify	 independent	predictors	associated	with	effective	BP	
control	 among	 patients	 with	 hypertension	 under	 pharmacological	
therapy.

2  | METHODS

2.1 | Study design and participants

The	 First	 Cardiovascular	 Risk	 Assessment	 Sao	 Paulo	 and	Campinas	
was	 a	 large	 cross-	sectional	 study	 performed	 in	 two	 metropolitan	
areas	in	Brazil’s	southeast	region	(Figure	1).	The	metropolitan	areas	of	
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Sao	Paulo	and	Campinas	are	among	the	most	developed	in	the	coun-
try,	with	a	degree	of	urbanization	of	99.0%	and	97.4%,	and	a	Human	
Development	Index	of	0.794	and	0.792	(national	average	of	0.727),	
respectively.9	 Data	 collection	 was	 performed	 over	 3	weeks	 in	 July	
2009	at	500	public	primary	care	units.	The	 initiative	was	supported	
locally	by	 the	Cardiology	Society	of	 Sao	Paulo,	Health	Secretary	of	
the	 cities	 of	 Sao	 Paulo	 and	 Campinas,	 and	 Sao	 Paulo	 State	Health	
Secretary,	 enabling	 data	 collection	 in	 almost	 all	 primary	 healthcare	
units	of	both	cities.	The	study	protocol	was	approved	by	the	appropri-
ate	clinical	 research	ethics	committee	 (Institute	Dante	Pazzanese	of	
Cardiology,	protocol	No.	4639).

For	practical	reasons,	a	nonprobabilistic	selection	of	sites	and	par-
ticipants	was	 used.	The	 goal	was	 not	 to	 sample	 strictly	 proportion-
ally,	 but	 instead	 to	 assure	 socioeconomic	 diversity	 and	 include	 all	
subregions	in	Sao	Paulo	and	Campinas	that	utilize	the	primary	public	
healthcare	 system	 (Supporting	 Information:	Maps	of	 Socioeconomic	
Diversity	by	 the	Human	Development	 Index	 in	 the	metropolitan	 re-
gions	of	Sao	Paulo	and	Campinas).	Units	 in	which	 it	was	possible	to	
collect	 large	quantities	of	data	 at	 a	 low	cost	were	 chosen.	 Included	
participants	 were	 consecutively	 selected	 from	 the	 general	 popula-
tion	 living	near	primary	healthcare	units.	 In	 the	present	analysis,	we	
included	only	patients	18	years	and	older,	with	a	previous	diagnosis	
of	hypertension	(by	a	physician),	who	were	receiving	antihypertensive	
medication	 for	 at	 least	 4	weeks	 and	had	 available	BP	measurement	
data	(n	=	43	647)	(Figure	2).

2.2 | Assessment of CVD risk factors

Demographics	 and	 further	 key	 information	were	obtained	 from	pa-
tient	interviews.	All	physicians,	nurses,	and	healthcare	workers	were	
trained	 through	a	customized	video	on	how	 to	apply	 the	electronic	
case	report	form	and	BP	measurement.

BP	 was	 measured	 by	 either	 physicians,	 nurses,	 or	 healthcare	
workers	 trained	 according	 to	 the	 most	 recent	 Brazilian	 Cardiology	
Society	 recommendation.10	 All	 participants	 had	 their	 systolic	 BP	

(SBP)/diastolic	BP	(DBP)	measured	 in	a	sitting	position	after	at	 least	
5	minutes	of	 rest.	BP	measurements	were	performed	using	conven-
tional	sphygmomanometers	or	validated	automated	devices,	with	ap-
propriately	sized	cuffs.	A	single	BP	measurement	was	performed,	and	
this	was	used	for	the	analysis.	Ethnicity	was	assessed	as	self-	declared	
white,	black	 (African-	Brazilian),	mixed	 race	 (combined	European,	na-
tive,	and	African	ancestry),	Asian-	Brazilian,	or	indigenous	(Indigenous-	
Brazilian).	 In	these	analyses,	prevalent	diabetes	mellitus	was	defined	
on	the	basis	of	self-	reported	medication	use	for	glycemic	control.11–13 
Body	mass	index	was	calculated	(kg/m2).	Smokers	were	defined	as	in-
dividuals	who	had	 smoked	 tobacco	 in	 the	 previous	 12	months;	 for-
mer	smokers	were	those	who	had	stopped	smoking	for	over	a	year.	
Previous	CVD	was	defined	on	the	basis	of	self-	reported	medical	di-
agnosis	and	was	considered	if	individuals	self-	reported	any	history	of	
myocardial	 infarction,	 stenting,	 angioplasty,	 coronary	 artery	 bypass	

F IGURE  1 Geographic	regions	
represented	in	this	study:	metropolitan	
regions	of	Sao	Paulo	and	Campinas

F IGURE  2 Enrollment	of	patients
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graft,	 or	 nontraumatic	 lower	 limb	 amputation.11–13	 Individuals	were	
considered	physically	 active	 if	 they	were	 regularly	 involved	 in	mod-
erate	physical	activity	for	at	least	180	minutes	per	week.13	Fruit	and	
vegetable	intake	was	assessed	by	self-	reported	daily	intake	of	at	least	
one	portion	of	each.13

2.3 | Hypertension definition and control

For	this	analysis,	patients	with	hypertension	were	defined	as	having	
had	a	previous	diagnosis	of	hypertension	by	a	physician	and	being	
on	 antihypertensive	 medication.	 Although	 several	 guidelines	 are	
available,10,14–17	controlled	BP	was	defined	as	<140/90	mm	Hg.	An	
analysis	was	also	performed	according	to	the	2014	Evidence-	Based	
Guideline	 for	 the	Management	 of	High	Blood	Pressure	 in	Adults:	
Report	 From	 the	 Panel	 Members	 Appointed	 to	 the	 Eighth	 Joint	
National	 Committee	 (JNC	 8),	 considering	 controlled	 hypertension	
in	 adults	 older	 than	 60	years,	 with	 a	 target	 BP	 of	 <150	×	90	mm	
Hg	and	a	target	DBP	of	<90	mm	Hg	among	patients	younger	than	
60	years.16

2.4 | Statistical analysis

Data	 are	 presented	 as	 mean	 and	 standard	 deviation	 (SD)	 for	 con-
tinuous	 variables,	 and	 as	 frequency	 and	 percentage	 for	 categorical	
variables.	Intergroup	comparison	(controlled	vs	uncontrolled	BP)	was	
performed	 using	 Student	 t	 test	 for	 normally	 distributed	 continuous	
variables,	 Mann-	Whitney	 U	 test	 for	 continuous	 variables	 without	
normal	distribution,	and	chi-	square	or	Fisher	exact	test	for	categori-
cal	 variables.	 Factors	 associated	with	 controlled	 hypertension	were	
assessed	 using	 univariate	 and	 subsequently	multivariate	 logistic	 re-
gression	 models.	 Only	 variables	 statistically	 significantly	 associated	
(P	<	.05)	 were	 included	 in	 the	 final	 multivariate	model.	 An	 associa-
tion	study	was	performed	 in	the	overall	population	of	patients	with	
hypertension	(n	=	43	647),	and	another	was	conducted	after	dividing	
participants	 into	 two	 groups	 by	 sex:	 men	 (n	=	13	456)	 and	women	
(n	=	30	191).	Statistical	analyses	were	performed	using	SPSS	version	
19	(IBM).

3  | RESULTS

Of	the	93	934	participants	in	the	First	Cardiovascular	Risk	Assessment	
Sao	Paulo	and	Campinas	 trial,	43	647	patients	were	 included	 in	 the	
current	study.	These	patients	were	18	years	or	older,	had	a	previous	
diagnosis	of	hypertension,	and	were	on	antihypertensive	drugs.	Mean	
participant	age	was	58.6	years,	30.8%	were	men,	24.8%	had	diabe-
tes	mellitus,	11.8%	were	current	smokers,	and	35.2%	had	a	history	of	
CVD	(Table	1).

3.1 | Control rate

In	the	primary	analysis,	it	was	observed	that	17	835	(40.9%)	had	con-
trolled	BP	 levels,	with	 a	 target	 SBP	 of	 <140	mm	Hg	 and	 a	DBP	 of	

<90	mm	Hg.	The	mean	SBP	was	119.8	mm	Hg	(SD	=	9.3)	in	the	con-
trolled	group	and	148.3	mm	Hg	(SD	=	17.2)	in	the	uncontrolled	group.	
The	mean	DBP	was	75.5	mm	Hg	 (SD	=	6.5)	 in	 the	controlled	group	
and	91.3	mm	Hg	(SD	=	11.0)	in	the	uncontrolled	group.

Among	25	812	patients	with	hypertension	on	treatment	but	with-
out	BP	control,	it	was	observed	that	42.5%	had	SBP	of	≥160	mm	Hg	
and/or	DBP	of	≥100	mm	Hg.	Considering	the	BP	targets	according	to	
JNC	8,16	20	732	(47.5%)	patients	with	hypertension	on	treatment	had	
controlled	BP.

3.2 | Predictors of hypertension control

To	investigate	factors	associated	with	controlled	hypertension,	an	ini-
tial	univariate	analysis	was	performed	to	compare	patients	with	and	
without	controlled	hypertension	who	were	receiving	antihypertensive	
medication.	 Smoking	 status	 (odds	 ratio	 [OR],	 1.03;	 95%	 confidence	
interval	 [CI],	0.97–1.10)	and	eating	vegetables	daily	 (OR,	1.04;	95%	
CI,	1.00–1.08)	were	not	 significantly	 associated	with	 controlled	hy-
pertension	(Table	2).

In	 the	 multivariate	 analysis	 considering	 all	 participants,	 being	
younger	 than	60	years,	having	a	history	of	CVD,	eating	 fruit	daily,	
and	 moderate-	intensity	 physical	 activity	 were	 significantly	 posi-
tively	 associated	 with	 controlled	 BP	 (Table	3).	 Male	 sex,	 obesity,	
black	or	mixed	race	ethnicity	(white	ethnicity	as	reference),	and	dia-
betes	mellitus	were	negatively	associated	with	hypertension	control	
(Table	3).

3.3 | Predictors of hypertension control by sex

Among	the	30	191	women	with	hypertension	undergoing	drug	treat-
ment,	 smoking	 status	 (OR,	1.06;	95%	CI,	0.99–1.13),	previous	CVD	
(OR,	1.04;	95%	CI,	0.99–1.10),	and	eating	vegetables	daily	(OR,	0.99;	
95%	CI,	0.94–1.04)	were	not	significantly	associated	with	controlled	
hypertension	in	the	univariate	analysis	(Table	4).

In	the	multivariate	analysis,	women	aged	younger	than	60	years	
and	moderate-	intensity	 physical	 activity	were	 statistically	 signifi-
cantly	positively	 associated	with	 controlled	BP	 (Table	4).	Obesity,	
black	 or	 mixed	 race	 ethnicity	 (white	 ethnicity	 as	 reference),	 and	
diabetes	 mellitus	 were	 negatively	 associated	 with	 hypertension	
control.

Different	 from	 findings	 among	 the	 female	 group,	 even	 with-
out	 a	 statistically	 significant	 difference,	 fewer	men	younger	 than	
60	years	 had	 BP	 control	 than	 those	 older	 than	 60	years	 (34.6%	
vs	35.7%,	 respectively).	Smoking	status	 (OR,	0.96;	95%	CI,	0.86–
1.07),	eating	fruit	daily	 (OR,	1.06;	95%	CI,	0.99–1.14),	and	eating	
vegetables	 daily	 (OR,	 1.03;	 95%	 CI,	 0.96–1.11)	were	 not	 signifi-
cantly	associated	with	controlled	hypertension	 in	 the	male	popu-
lation	(Table	5).

In	the	multivariate	analysis,	among	the	male	group,	previous	CVD	
and	moderate-	intensity	physical	activity	were	significantly	positively	
associated	with	controlled	BP	(Table	5).	Obesity,	black	ethnicity	(white	
ethnicity	as	reference),	and	diabetes	mellitus	were	negatively	associ-
ated	with	hypertension	control	(Table	5).
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4  | DISCUSSION

This	 study	 included	 43	647	 patients	 with	 hypertension	 under	 drug	
treatment	 followed	 at	 primary	 healthcare	 units	 in	 the	 cities	 of	 Sao	
Paulo	 and	 Campinas	 in	 Brazil.	 Less	 than	 half	 of	 the	 patients	 with	
treated	hypertension	had	 controlled	BP.	 Epidemiological	 studies	 on	
BP	control	rates	in	Brazil,	either	by	city	or	region,	showed	rates	rang-
ing	from	10%	to	57.6%.18

The	 control	 rate	 in	 this	 study	 was	 higher	 than	 that	 found	 by	
Muxfeldt	and	colleagues,19	which	analyzed	BP	control	in	1699	patients	
with	hypertension	at	a	tertiary	hospital	in	Rio	de	Janeiro,	where	only	
27%	of	patients	had	BP	<140	×	90	mm	Hg.	This	difference	can	be	partly	
explained	by	the	fact	that	tertiary	hospital	clinics	are	referral	centers	
for	patients	who	are	more	resistant	to	hypertension	control.	Piccini	and	
associates20	 interviewed	 12	324	 participants	 in	 a	 population-	based	
epidemiological	 study	 from	 100	 municipalities	 and	 identified	 2004	
(16.3%)	patients	with	hypertension.	Of	these,	57.6%	had	controlled	BP.	
The	differences	in	the	control	rate	found	among	these	studies	may	be	
due	to	the	fact	that	the	latter	only	included	patients	between	the	ages	
of	20	and	59	years.	Persons	older	than	60	years	were	excluded,	and	
this	age	category	is	associated	with	BP	that	is	more	difficult	to	achieve	

effective	 control,	 especially	 among	women.	 Nobre	 and	 colleagues21 
included	 2810	 patients	 with	 hypertension	 in	 the	 private	 Brazilian	
healthcare	 system	 from	291	different	 centers	 in	 four	 regions	 across	
the	country.	The	study	found	a	BP	control	rate	of	53.3%.21	This	rate	
was	higher	than	that	found	in	the	public	health	system,	suggesting	that	
access	and	affordability	of	hypertension	treatment	along	with	better	
education	and	socioeconomic	status	might	explain	this	finding.

A	control	 rate	of	46.5%	was	 found	 in	 the	NHANES	2003–2010	
population	in	the	United	States.	However,	this	rate	refers	to	the	per-
centage	of	 patients	with	 hypertension	who	have	BP	<140	×	90	mm	
Hg	of	all	patients	diagnosed	with	hypertension,	 including	those	who	
were	unaware	or	were	not	using	antihypertensive	drug	therapy.	When	
only	 the	 hypertension	 control	 rate	 in	 those	 using	 antihypertensive	
drug	treatment	is	considered,	NHANES	had	a	higher	control	rate	than	
that	of	the	current	study,	with	66%	of	treated	patients	with	controlled	
BP.5	A	European	study	showed	a	similar	control	rate	to	that	found	in	
the	current	 study	but	 it	was	 still	 higher	 than	 the	 rate	we	 found.	Of	
the	5220	patients	with	hypertension	under	treatment	in	the	EURIKA	
study,	48.4%	had	controlled	BP.6

The	low	rate	of	BP	control	found	in	the	Sao	Paulo	and	Campinas	
populations	is	a	major	public	health	problem,	since	there	is	a	confirmed	

Total (N=43 647)
Controlled 
(n=17 835)

Uncontrolled 
(N=25 812)

Age,	mean	(SD),	y 58.6	(10.5) 58.2	(10.6) 58.9	(10.5)

≥60	y,	% 48.1 46.4 49.3

Men,	% 30.8 26.5 33.8

Declared	ethnicity,	%

White	 54.2 55.2 53.4

Mixed	 31.0 30.4 31.3

Black	 12.1 11.5 12.5

Other	 2.7 2.9 2.8

SBP,	mean	(SD),	mm	Hg 136.7	(20.1) 119.8	(9.3) 148.3	(17.2)

DBP,	mean	(SD),	mm	Hg 84.9	(12.2) 75.5	(6.5) 91.3	(11.1)

BMI,	mean	(SD),	kg/m2 29.5	(5.5) 28.9	(5.2) 29.9	(5.7)

BMI	≥30,	% 40.9 37.0 43.6

Smoking	status,	%

Never	 64.3 64.6 64.2

Current	 11.8 11.6 11.9

Former 23.9 23.8 23.9

Diabetes	mellitus,	% 24.8 22.3 26.5

Previous	CVD,a	% 35.2 36.5 30.1

Moderate	physical	activity,b 
%

31.5 33.6 30.1

Daily	fruit	intake,	% 59.9 61.2 59.0

Daily	vegetable	intake,	% 64.7 65.2 64.3

Abbreviations:	BMI,	body	mass	index;	DBP,	diastolic	blood	pressure;	SBP,	systolic	blood	pressure;	SD,	
standard	deviation.
aPrevious	cardiovascular	disease	(CVD):	previous	myocardial	infarction,	stroke,	coronary	artery	bypass	
surgery,	coronary	angioplasty.
bModerate	physical	activity:	at	least	180	minutes	per	week.

TABLE  1 Patient	characteristics	and	
hypertension	status	of	43	647	patients	
with	hypertension	on	treatment
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clear	association	between	hypertension	and	CVD,	in	addition	to	a	high	
prevalence	of	hypertension	in	the	general	population.	Over	40%	of	pa-
tients	with	hypertension	who	had	uncontrolled	BP	showed	BP	levels	
of	≥160	×	100	mm	Hg.	This	observation	is	even	more	alarming	in	light	
of	the	recent	results	of	SPRINT	(Systolic	Blood	Pressure	Intervention	

Trial),	which	showed	that	targeting	an	SBP	of	120	mm	Hg	showed	bet-
ter	 results	 in	 reduction	of	clinically	 relevant	outcomes	than	the	SBP	
goal	of	140	mm	Hg	in	high-	risk	patients	without	diabetes	mellitus.22

In	our	primary	analysis	of	the	entire	population	(n	=	43	647),	eight	
predictors	associated	with	BP	control	were	 identified	 in	multivariate	
analysis	 and	 three	of	 these	 are	 considered	modifiable.	Age	younger	
than	60	years,	history	of	CVD,	daily	intake	of	fruit,	and	regular	physical	
activity	were	independent	factors	associated	with	a	higher	odds	of	BP	
control	(SBP	<140	mm	Hg	and	DBP	<90	mm	Hg).	Male	sex,	black	or	
mixed	ethnicity,	having	diabetes	mellitus,	and	obesity	were	associated	
with	uncontrolled	BP.

Older	 age	 (>60	years)	 and	obesity	 are	 two	 factors	 that	 are	 con-
solidated	 in	the	 literature	as	predictors	of	 reduced	BP	control.6,23–26 
However,	 when	 the	 association	 analysis	 was	 performed	 according	
to	sex,	 it	was	observed	that	only	younger	age	 in	women	(<60	years)	
was	associated	with	better	BP	control.	In	contrast,	in	men,	there	was	
a	lower	percentage	of	younger	patients	with	controlled	BP,	although	
this	difference	was	not	statistically	significant.	This	finding	is	compati-
ble	with	that	found	by	Daugherty	and	colleagues.27	These	researchers	
identified	that	the	difference	between	BP	control	rates	between	men	
and	women	depended	on	the	age	group	analyzed.	The	lowest	rates	of	
control	were	identified	in	older	women	and	younger	men.27

The	 question	 of	 sex	 as	 a	 predictor	 of	 BP	 control	 is	 controver-
sial.	 Studies	 have	 shown	 conflicting	 results,	 identifying	male	 sex	 as	
a	predictor	of	 better	or	worse	 control,	 or	 not	 even	 as	 a	 statistically	
significant	 predictor.	 Cushman	 and	 colleagues23	 analyzed	 data	 from	
33	357	 patients	 with	 hypertension	 who	 participated	 in	 ALLHAT	
(Antihypertensive	 and	 Lipid-	Lowering	 Treatment	 to	 Prevent	 Heart	
Attack	Trial),	and	found	that	male	sex	was	associated	with	a	10%	(OR,	
1.10;	95%	CI,	 1.03–1.18	 [P	<	.05])	 higher	odds	of	having	 controlled	
BP	in	the	third	year	of	follow-	up	compared	with	women.	This	finding	
was	confirmed	by	Borghi	and	colleagues,6	who	evaluated	predictors	
of	poor	BP	control	in	2691	patients	with	hypertension	in	the	EURIKA	
study.	Ong	 and	 colleagues28	 analyzed	 data	 from	 3475	 treated	 par-
ticipants	with	hypertension	 in	NHANES	1999–2004	and	 concluded	
that	despite	the	prevalence	of	uncontrolled	hypertension	being	higher	
among	women	(55.9%	vs	50.8%),	this	difference	was	not	statistically	
significant	(P	=	.06).	In	our	study,	the	multivariate	analysis	showed	that	
men	had	32%	lower	odds	of	having	controlled	BP.	This	finding	aligns	
with	those	of	other	studies.24,26,29,30	As	a	variable,	sex	is	 intrinsically	
associated	with	other	behavior	(eg,	increased	demand	for	health	care,	
differing	rates	of	adherence	to	treatment,	and	alcohol	consumption)	
and	factors	(eg,	abdominal	obesity,	metabolic	syndrome)	that	could	be	
associated	with	BP	control.	These	variables	were	not	uniformly	ana-
lyzed	in	all	studies	and	may	explain	these	contradictory	results.

The	 association	 between	 hypertension	 and	 diabetes	 mellitus	 is	
known	 to	 increase	 cardiovascular	 risk,	 requiring	 more	 intensive	 BP	
control.	However,	it	was	observed	that	among	patients	with	diabetes	
mellitus	and	hypertension	included	in	our	study,	about	one	third	had	
BP	<140	×	90	mm	Hg.	The	association	of	diabetes	mellitus	and	poor	
BP	control	was	also	identified	in	the	ALLHAT	population.23

This	 study	 identifies	 three	 important	 modifiable	 factors	 asso-
ciated	 with	 BP	 control:	 obesity,	 regular	 moderate	 physical	 activity,	

TABLE  2 Predictors	of	blood	pressure	control	in	43	647	patients	
with	hypertension	on	treatment—univariate	analysis

OR 95% CI P value

Men 0.71 0.68–0.74 <.001

Age	<60	y 1.13 1.08–1.17 <.001

Ethnicitya

Mixed 0.94 0.90–0.98 <.001

Black 0.89 0.83–0.94 <.001

Others 1.02 0.90–1.15 .163

Obesityb 0.76 0.73–0.79 <.001

Diabetes	mellitus 0.79 0.76–0.83 <.001

Previous	CVDc 1.10 1.05–1.14 <.001

Current	smokerd 1.03 0.97–1.10 .082

Moderate	physical	
activitye

1.17 1.13–1.22 <.001

Daily	fruit	intake 1.10 1.05–1.14 <.001

Daily	vegetable	
intake

1.04 1.00–1.08 .059

Abbreviations:	BP,	blood	pressure;	CI,	confidence	interval;	OR,	odds	ratio.
aCompared	with	white	ethnicity.
bObesity:	body	mass	index	(BMI)	≥30	(reference	group	BMI	<30).
cPrevious	 cardiovascular	 disease	 (CVD):	 previous	 myocardial	 infarction,	
stroke,	coronary	artery	bypass	surgery,	coronary	angioplasty.
dCurrent	smoker:	reference	group	never	smoker.
eModerate	physical	activity:	at	least	180	minutes	per	week.

TABLE  3  Independent	predictors	of	BP	control	in	43	647	patients	
with	hypertension	on	treatment—multivariate	analysis

OR 95% CI P value

Men 0.68 0.66–0.72 <.001

Age	<60	y 1.14 1.09–1.18 <.001

Declared	ethnicitya

Mixed 0.92 0.87–0.97 <.001

Black 0.88 0.83–0.94 <.001

Obesityb 0.73 0.70–0.76 <.001

Diabetes	mellitus 0.83 0.80–0.87 <.001

Previous	CVDc 1.09 1.04–1.13 <.001

Moderate	physical	
activityd

1.18 1.13–1.23 <.001

Daily	fruit	intake 1.05 1.01–1.10 .01

Abbreviations:	BP,	blood	pressure;	CI,	confidence	interval;	OR,	odds	ratio.	
aCompared	with	white	ethnicity.
bObesity:	body	mass	index	(BMI)	≥30	(reference	group	BMI	<30).
cPrevious	 cardiovascular	 disease	 (CVD):	 previous	 myocardial	 infarction,	
stroke,	coronary	artery	bypass	surgery,	coronary	angioplasty.
dModerate	physical	activity:	at	least	180	minutes	per	week.
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and	daily	consumption	of	fruit.	Patients	with	hypertension	who	per-
formed	moderate-	intensity	physical	activity	were	18%	more	likely	to	
have	 controlled	 BP	 compared	with	 those	 categorized	 as	 sedentary.	
Although	 already	 established	 in	 the	 literature	 in	 a	 clinical	 trial	 sce-
nario,31	to	the	best	of	our	knowledge,	this	was	the	first	epidemiologi-
cal	study	to	demonstrate	an	independent	association	between	regular	

engagement	in	physical	activity	and	BP	control.	Similarly,	there	are	few	
epidemiological	studies	where	fruit	intake	was	evaluated	as	an	inde-
pendent	 factor	 for	BP	 control.	Despite	 being	 the	weakest	 indepen-
dent	association	with	BP	control,	when	all	participants	were	analyzed,	
it	was	observed	 that	patients	with	hypertension	who	reported	daily	
consumption	of	fruit	were	more	likely	to	have	controlled	BP.

Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age	<60	y 0.95 0.89–1.02 0.192 - - -

Declared	ethnicitya

Mixed 0.94 0.87–1.02 0.160 - - -

Black 0.87 0.78–0.99 0.026 0.87 0.75–0.98 .019

Obesityb 0.70 0.65–0.76 <0.001 0.71 0.66–0.77 <.001

Current	smokerc 0.96 0.86–1.07 0.199 - - -

Diabetes	mellitus 0.89 0.82–0.96 0.003 0.89 0.82–0.97 .010

Previous	CVDd 1.18 1.10–1.28 <0.001 1.19 1.10–1.28 <.001

Moderate	physical	
activitye

1.17 1.09–1.27 <0.001 1.16 1.07–1.24 <.001

Daily	fruit	intake 1.06 0.99–1.14 0.096 - - -

Daily	vegetable	intake 1.03 0.96–1.11 0.391 - - -

Abbreviations:	BP,	blood	pressure;	CI,	confidence	interval;	OR,	odds	ratio.
aCompared	with	white	ethnicity.
bObesity:	body	mass	index	(BMI)	≥30	(reference	group	BMI	<30).
cCurrent	smoker:	reference	group	never	smoker.
dPrevious	cardiovascular	disease	(CVD):	previous	myocardial	infarction,	stroke,	coronary	artery	bypass	
surgery,	coronary	angioplasty.
eModerate	physical	activity:	at	least	180	minutes	per	week.

TABLE  5 Predictors	of	BP	control	
among	13	456	men	with	hypertension	on	
treatment—univariate	and	multivariate	
analysis

Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age	<60	y 1.17 1.12–1.22 <0.001 1.19 1.14–1.25 <0.001

Declared	ethnicitya

Mixed 0.93 0.88–0.98 0.005 0.91 0.87–0.96 0.001

Black 0.88 0.82–0.95 <0.001 0.89 0.83–0.96 0.001

Obesityb 0.73 0.70–0.77 <0.001 0.74 0.71–0.78 <0.001

Current	smokerc 1.06 0.99–1.13 0.135 - - -

Diabetes	mellitus 0.77 0.73–0.81 <0.001 0.81 0.77–0.86 <0.001

Previous	CVDd 1.04 0.99–1.10 0.068 - - -

Moderate	physical	
activitye

1.20 1.14–1.26 <0.001 1.21 1.15–1.27 <0.001

Daily	fruit	intake 1.06 1.01–1.11 0.017 0.97 0.93–1.02 0.28

Daily	vegetable	intake 0.99 0.94–1.04 0.756 - - -

Abbreviations:	BP,	blood	pressure;	CI,	confidence	interval;	OR,	odds	ratio.	
aCompared	with	white	ethnicity.
bObesity:	body	mass	index	(BMI)	≥30	(reference	group	BMI	<30).
cCurrent	smoker:	reference	group	never	smoker.
dPrevious	cardiovascular	disease	(CVD):	previous	myocardial	infarction,	stroke,	coronary	artery	bypass	
surgery,	coronary	angioplasty.
eModerate	physical	activity:	at	least	180	minutes	per	week.

TABLE  4 Predictors	of	BP	control	
among	30	191	women	with	hypertension	
on	drug	treatment—univariate	and	
multivariate	analysis
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Despite	tobacco	being	confirmed	as	a	classic	risk	factor	for	CVD,	
no	 significant	 association	was	 found	between	 tobacco	 and	BP	 con-
trol	in	our	study.	Similar	results	have	been	found	in	ALLHAT	and	in	a	
Lebanese	study.23,24	Finally,	history	of	CVD	was	associated	with	higher	
odds	of	having	controlled	BP,	consistent	with	results	from	ALLHAT.23

5  | LIMITATIONS AND STRENGTHS

This	cross-	sectional	study	included	the	highest	number	of	patients	with	
hypertension	under	treatment	in	Brazil,	with	over	40	000	patients	in-
cluded.	Three	modifiable	 independent	predictors	of	BP	control	were	
identified,	which	may	be	useful	 in	guiding	the	 implementation	of	ef-
ficient	population	knowledge	translation	strategies:	obesity,	sedentary	
lifestyle,	and	eating	habits.	Nevertheless,	some	study	limitations	should	
be	considered.	Our	study	was	performed	in	two	of	the	most	developed	
metropolitan	areas	of	Brazil,	with	a	level	of	urbanization	of	more	than	
95%.	Thus,	it	was	not	representative	of	rural	areas,	nor	representative	
of	 the	whole	 country,	 especially	 in	 regions	with	 less	 social	 develop-
ment,	where	access	 to	 the	healthcare	 system	 is	 challenging.	We	did	
not	evaluate	some	predictors	that	may	be	associated	with	BP	control	
rates,	such	as	alcohol	consumption,	adherence	to	medication,	sodium	
intake,	educational	level,	and	economic	status.	We	also	have	no	infor-
mation	on	the	amount	or	number	of	antihypertensive	drugs	used	by	
patients.	The	study	was	also	limited	by	the	fact	that	only	one	BP	meas-
urement	was	taken.	Handler	and	colleagues32	concluded	that	the	re-
sults	of	NHANES	1999–2008	supported	the	fact	that	in	patients	with	
and	those	without	hypertension	who	had	a	normal	BP	value	on	the	first	
BP	measurement,	a	single	measurement	is	appropriate	because	<10%	
of	patients	would	be	reclassified	as	having	prehypertension	and	<0.5%	
as	having	hypertension.	However,	at	least	18.2%	of	those	with	above-	
normal	initial	BP	are	often	reclassified	to	lower	categories	and	require	
a	second	measurement.32

6  | CONCLUSIONS

Fewer	 than	half	of	 the	patients	with	hypertension	 in	our	study	had	
controlled	BP	levels.	Considering	all	patients	with	hypertension	under	
drug	treatment,	three	modifiable	factors	(regular	moderate	exercise,	
obesity,	and	fruit	intake)	were	independently	associated	with	BP	con-
trol.	 This	 finding	 should	 be	 utilized	 to	 build	 nationwide	 knowledge	
translation	strategies	to	improve	BP	control	and	to	reduce	the	burden	
of	hypertension.
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