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Blood	pressure	(BP)	is	a	strong	cardiovascular	risk	factor,	predicting	cardiovascular	
mortality	in	the	general	population.	High	salt	consumption	is	a	major	contributor	of	
increased	BP	and	hypertension.	However,	there	is	a	controversy	on	whether	BP	re‐
sponse	to	salt	intake	would	be	sex‐specific.	Thus,	we	aimed	to	verify	the	changes	in	
BP	according	to	different	salt	intake	in	men	and	women	in	a	large	sample	of	adults.	
The	present	analysis	refers	to	12	813	participants	(from	35	to	64	years)	with	a	vali‐
dated	12‐hour	overnight	urine	collection	in	which	salt	intake	was	estimated.	A	set	of	
questionnaires,	clinical	examination,	and	laboratory	tests	were	carried	out	during	a	
single	 visit	 to	 one	 of	 the	 six	 investigation	 centers	 involved.	 Salt	 intake	 was	
12.9	±	5.9	g/d	 in	men	 and	 9.3	±	4.3	g/d	 in	women.	 BP	 increases	 as	 salt	 intake	 in‐
creases,	regardless	of	using	BP‐lowering	medication.	The	slope	of	increase	in	BP	elic‐
ited	by	salt	intake	was	significantly	higher	in	women	than	in	men.	Thus,	the	increase	
in	BP	by	salt	 intake	was	stepper	 in	women	even	after	controlling	for	confounders,	
regardless	of	using	BP‐lowering	medication	or	being	hypertensive.	In	conclusion,	salt	
intake	is	elevated	in	this	large	sample	of	Brazilian	adults	in	which	only	a	few	partici‐
pants	are	compliant	with	the	recommendation.	Also,	women	have	a	higher	respon‐
siveness	of	BP	according	to	salt	intake	than	men,	and	it	is	not	associated	with	age,	BP	
level,	or	the	use	of	BP‐lowering	medication.

1  | INTRODUC TION

Blood	 pressure	 (BP)	 is	 an	 important	 cardiovascular	 risk	 factor	
and	 a	 strong	 predictor	 of	 cardiovascular	 mortality	 in	 the	 general	

population.1	A	progressive	increase	in	BP	along	the	life	course	has	
been	documented	in	several	studies	and	in	different	populations.2,3 
However,	the	factors	contributing	to	this	increase	remain	under	dis‐
cussion.4	According	 to	epidemiologic	studies,	 increased	salt	 intake	
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seems	to	significantly	contribute	to	the	development	of	hyperten‐
sion,	particularly	 in	 salt‐sensitive	 individuals.	Primitive	populations	
consuming	only	 the	natural	 sodium	 in	 foods	 (<1	g/d)	did	not	 show	
age‐dependent	BP	increase	with	age.5,6	Populations	showing	higher	
sodium	 consumption	 tend	 to	 have	 higher	 BP	 levels,	 hypertension	
prevalence,	and	cardiovascular	mortality.7,8

A	few	studies	have	highlighted	to	a	possible	different	response	
of	BP	according	to	salt	intake	between	men	and	women,	with	con‐
troversial	results.	For	instance,	a	high	salt	 intake	during	pregnancy	
in	rats	was	associated	to	higher	 rates	of	hypertension	 in	male	off‐
spring	 than	 in	 female	offspring.9	 In	another	 study	with	 similar	de‐
sign,	male	offspring	showed	lower	kidney	angiotensin	II	levels	than	
female	 offspring.10	 In	 humans,	 some	 studies	 have	 suggested	 that	
the	BP	increase	after	the	onset	of	menopause	and	the	increased	re‐
sponsiveness	to	high	salt	intake	at	the	menopause	may	contribute	to	
increase	BP	favoring	the	development	of	hypertension.11	However,	
it	is	not	clear	if	the	increased	responsiveness	in	women	starts	only	
during	climacteric	period.	Thus,	we	hypothesized	that	the	increased	
responsiveness	of	BP	 to	high	 salt	 consumption	might	be	different	
between	sexes	independent	of	age	or	menopausal	status.	Therefore,	
the	purpose	of	 this	 study	was	 to	quantify	salt	consumption	 in	 the	
baseline	 evaluation	 of	 the	 ELSA‐Brasil	 cohort	 and	 to	 verify	 the	
changes	in	BP	according	to	different	salt	intake	in	men	and	women.

2  | METHODS

2.1 | Participants

The	ELSA‐Brasil	study	is	a	cohort	that	included	15	105	adults,	aged	
35‐74	years	old	at	baseline	(2008‐2010).12,13	All	were	civil	servants	
of	six	public	universities	or	research	institutions.	The	present	study	
represents	a	cross‐sectional	analysis	of	the	ELSA‐Brasil	study.	The	
ethic	committees	of	each	institution	approved	the	research	protocol,	
and	all	participants	signed	written	consent	before	data	collection.

2.2 | Clinical assessment

A	 set	 of	 questionnaires,	 clinical	 examination,	 and	 laboratory	 tests	
were	 carried	 out	 during	 a	 single	 visit	 to	 one	 of	 the	 six	 investiga‐
tion	centers	responsible	for	data	acquisition.	Self‐reported	medical	
history,	 medications	 under	 regular	 use,	 and	 education	 level	 were	
recorded	 during	 an	 interview.	 Race/ethnicity	 was	 determined	 ac‐
cording	to	Brazilian	standards,	in	which	individuals	classified	them‐
selves	as	white,	black,	brown,	indigenous,	or	Asiatic.

Participants	 reported	 to	 the	 clinic	 for	 a	 single	 visit	 in	 fasting	
(10‐14	hours)	to	clinical	and	laboratory	examinations.	Participants	
were	recommended	to	avoid	doing	exercise	in	the	day	before	the	
examinations	 to	prevent	excessive	sodium	 loss	 in	sweat.	 Initially,	
the	 anthropometric	 measures	 and	 BP	 recording	 were	 obtained.	
After,	a	venous	blood	sample	was	collected	in	sequence	and	pro‐
cessed	according	to	standard	laboratory	procedures.	All	chemical	
analyses	 in	 blood	 and	 urine	were	 performed	 in	 a	 central	 labora‐
tory.	Body	mass	(Toledo	Scale,	Brazil;	50	g	precision),	height	(Seca	

Stadiometer;	Hamburg,	Germany;	0.1	cm	precision),	and	waist	cir‐
cumference	(WC,	inextensible	plastic	tape,	0.5	cm	precision)	were	
obtained	 by	 trained	 technicians	 using	 standard	 methods.	 Body	
mass	index	(BMI)	was	calculated	as	the	ratio	between	weight	and	
the	 squared	height	 (kg/m2).	BP	and	heart	 rate	were	measured	 in	
the	 left	 arm	 in	 the	 seated	position	after	a	5‐min	 rest	period	 in	a	
quiet	and	temperature‐controlled	 (20‐24°C)	 room.	Three	consec‐
utive	readings	were	obtained	with	an	oscillometric	device	(Omron	
765CP,	 Japan)	with	 nearly	 1	min	 interval	 between	 readings.	 The	
mean	of	the	two	last	measures	of	BP	and	heart	rate	were	used	in	
the	analysis.	Participants	were	considered	hypertensive	when	they	
exhibited	BP	≥140/90	mm	Hg	or	when	they	reported	use	of	antihy‐
pertensive	drugs,	including	diuretics,	in	the	last	2	weeks.	Previous	
diagnosis	of	hypertension,	diabetes,	and	kidneys	diseases	as	well	
diets	to	sodium	restriction	were	self‐reported	during	an	interview.	
Estimated	glomerular	 filtration	rate	 (GFR)	was	calculated	accord‐
ing	 to	 the	 Chronic	 Kidney	 Disease	 Epidemiology	 Collaboration	
formula.14

2.3 | Urine collection

Participants	 were	 previously	 contacted	 and	 received	 oral	 and	
written	 instructions	 about	 the	 procedure	 for	 the	 12‐hour	 over‐
night	urine	collection.	The	collection	kit	included	two	large,	wide‐
opened	 bottles	 (2	L	 each),	 an	 instruction	 form,	 and	 a	 handling	
bag.	Participants	were	asked	to	void	in	the	toilet	at	approximately	
7:00 pm	 and	 then	 to	 collect	 all	 the	urine	 in	 the	bottle	 thereafter	
until	 the	 next	 morning.	 The	 last	 urine	 collection	 should	 be	 ob‐
tained	 approximately	 12‐hour	 after	 the	 last	 void	 in	 the	 toilet.	
Participants	were	 asked	 to	 record	 in	 a	 form	 the	 exact	 times	 in‐
dicating	 the	beginning	and	end	of	urine	collection	and	 to	 report	
any	 potential	 urine	 loss	 during	 the	 collecting	 period.	 They	were	
also	instructed	to	keep	the	collected	urine	in	a	refrigerator	and	to	
bring	it	to	the	investigation	center	within	2	hours	after	urine	col‐
lection	was	completed.	Upon	arriving	at	the	investigation	center,	
the	participants	were	questioned	about	the	exact	time	of	the	be‐
ginning	and	end	of	the	collection	period.	Collection	time	was	an‐
notated	 in	minutes,	 and	 the	urine	volume	was	determined	using	
graduated	 cylinders	 (10	mL	 precision).	 Aliquots	were	 sampled	 in	
sterile	vials	and	stored	at	−80°C	until	evaluation	for	the	concen‐
trations	of	creatinine	 (Jaffé	method),	sodium,	and	potassium	(se‐
lective	electrodes).	A	total	of	14	750	ELSA	participants	provided	
the	overnight	urine	collection.	However,	not	all	were	 included	 in	
the	present	analysis.	To	avoid	the	influence	of	significant	sodium	
loss	in	sweat,	the	12‐h	urine	collection	was	performed	during	the	
night	 period.	 Also,	 they	 were	 advised	 for	 not	 exercise	 the	 day	
before	examinations.	Validation	of	 the	12‐h	urine	collection	was	
based	on	three	criteria:	volume	≥250	mL,	collecting	time	between	
600	and	840	minutes	(10‐14	hours),	and	a	12‐hour	creatinine	ex‐
cretion	≥7.2	and	<16.8	mg/kg	in	men	and	≥5.6	and	<12.6	mg/kg	in	
women.	The	data	reported	 in	this	study	refer	 to	the	12	813	par‐
ticipants	with	validated	overnight	urine	collections	(84.8%	of	the	
ELSA‐Brasil	 participants).	The	urinary	 loss	of	 creatinine,	 sodium,	
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and	 potassium	was	 adjusted	 to	 12‐hours.	 Based	 on	 a	 validation	
study	 in	a	 subsample	of	ELSA	participants	 and	assuming	 that	 all	
excreted	sodium	derives	from	NaCl	intake,	the	daily	salt	consump‐
tion	was	estimated	by	dividing	the	12‐hour	overnight	sodium	ex‐
cretion	by	0.47.15

2.4 | Statistical analysis

Statistical	 analysis	 was	 performed	 using	 SPSS	 v.	 22.0	 (Chicago,	 IL,	
USA).	Data	are	described	as	the	mean	±	standard	deviations	for	con‐
tinuous	variables	and	proportions	and	percentages	for	categorical	val‐
ues.	The	goodness	of	fit	to	a	normal	distribution	was	evaluated	with	
the	Kolmogorov‐Smirnov	test.	Proportions	were	tested	with	the	chi‐
squared	test.	Comparisons	between	two	means	were	performed	with	
the	unpaired	Student	t	test,	and	comparisons	between	two	medians	
were	performed	with	the	Mann‐Whitney	test.	A	one‐way	ANOVA	fol‐
lowed	by	a	post	hoc	Tukey's	procedure	was	used	to	compare	three	or	
more	means.	Analysis	of	covariance	(ANCOVA)	was	used	to	test	the	as‐
sociation	between	two	variables	controlling	for	covariables.	Statistical	
significance	was	set	at	P	<	0.05.

3  | RESULTS

The	present	analysis	refers	to	12	813	participants	(6012	were	male)	
with	 a	 validated	 12‐hour	 urine	 collection	 and	 with	 the	 estimated	
daily	salt	intake.	General	characteristics	of	the	sample	are	shown	in	
Table	1.	After	excluding	urine	samples	not	compliant	with	the	three	
validation	criteria,	the	mean	collection	time	was	708	±	34	min,	with‐
out	sex	difference.

The	 estimated	 salt	 consumption	 in	 the	 whole	 sample	 was	
11.0	±	5.4	g/d,	being	approximately	38%	higher	in	men	than	in	women	
(12.9	±	5.9	 vs	 9.3	±	4.3,	P	<	0.001).	 Figure	 1	 shows	 the	 distribution	 of	
estimated	salt	consumption	in	men	(Figure	1A)	and	women	(Figure	1B).	
Less	than	5%	of	the	men	and	20%	of	the	women	should	be	considered	
adherent	to	the	current	recommendation.	Also,	the	prevalence	of	hyper‐
tension	increases	as	the	salt	intake	increases	regardless	of	sex	(Figure	1C).

Our	study	showed	that	other	demographic	characteristics	also	
have	some	influence	on	salt	consumption	as	shown	in	Table	S1.	The	
salt	 intake	 increases	with	age	except	 for	a	slight	decrease	 in	older	
men	(65‐74	years).	Blacks	showed	a	daily	consumption	higher	than	
whites	 (13.7	±	6.5	g/d	 vs	12.4	±	5.4	g/d	 in	men,	 and	10.0	±	4.7	g/d	
vs	9.1	±	4.1	g/d	in	women;	P	<	0.05)	and	similar	to	the	brown	group	
(13.2	g	±	6.3	g/d	 in	 men	 and	 9.4	±	4.4	g/d	 in	 women).	 Differences	
between	men	and	women	were	maintained	in	all	subgroups.	More	
consistent	differences	were	observed	with	respect	to	BMI	in	which	
a	positive	relationship	with	salt	consumption	was	observed	for	both	
men	 and	 women.	 We	 observed	 a	 negative	 relationship	 between	
education	 (years	 in	school	as	a	proxy)	and	estimated	salt	 intake	 in	
both	men	and	women.	Similarly,	salt	intake	increases	proportionally	
toward	the	highest	socioeconomic	status	based	on	family	monthly	
income.	All	these	findings	were	independent	of	sex.

Figure	2	shows	the	mean	values	of	SBP	(Figure	2A	for	men	and	
2C	for	women)	and	DBP	(Figure	2B	for	men	and	2D	for	women)	ac‐
cording	 to	estimated	salt	 intake	categories	and	stratified	by	 those	
participants	in	use	or	not	of	a	BP‐lowering	medication,	after	adjust‐
ing	 for	 covariables	 (age,	 BMI,	 diabetes	 status,	 GFR,	 K+	 excretion).	
As	expected,	both	SBP	and	DBP	 increase	as	 salt	 intake	 increases,	
regardless	of	using	BP‐lowering	medication.	It	is	worth	to	note	that	
BP	in	women	seems	to	be	more	sensitive	to	salt	intake	once	the	BP	

 Men (n = 6012) Women (n = 6801) P value All (n = 12813)

Age	(y) 52.2	±	9.3 51.9	±	8.7 0.202 52.1	±	9.1

Weight	(kg) 79.9 ± 14.1 67.8	±	13.4 <0.001 73.5	±	14.8

Height	(cm) 172.1 ± 7.1 159.1	±	6.5 <0.001 165.2	±	9.4

BMI	(kg/m2) 26.9 ± 4.2 26.8 ± 4.8 0.128 26.9	±	4.5

Uric	acid	(mg/dL) 6.43	±	1.40 4.79 ± 1.18 <0.001 5.56	±	1.53

Glucose	(mg/dL) 116.8	±	34.5 107.6	±	26.5 <0.001 111.9	±	30.8

Cholesterol	(mg/dL) 212.7 ± 44.4 216.9 ± 41.6 <0.001 214.9	±	43.0

HDL	(mg/dL) 50.8	±	12.2 61.8 ± 14.6 <0.001 56.7	±	14.6

LDL	(mg/dL) 130.9	±	35.9 131.3	±	34.7 0.520 131.2	±	35.3

TG	(mg/dL) 161.8 ± 128.1 120.2 ± 81.9 <0.001 139.7	±	108.1

GFR	(mL/min	per	
1.73	m2)

81.5	±	15.0 101.2	±	12.5 <0.001 92.0 ± 16.9

SBP	(mm	Hg) 125.4	±	16.7 117.5	±	16.8 <0.001 121.2 ± 17.2

DBP	(mm	Hg) 78.8 ± 10.8 73.9	±	10.2 <0.001 76.2 ± 10.7

HR	(bpm) 69.2 ± 10.8 70.9 ± 9.9 <0.001 70.1	±	10.3

Salt	intake	(g/d) 12.9	±	5.9 9.3	±	4.3 <0.001 11.0	±	5.4

BMI,	 body	mass	 index;	DBP,	 diastolic	 blood	 pressure;	GFR,	 glomerular	 filtration	 rate;	HDL,	 high	
density	lipoprotein	cholesterol;	HR,	heart	rate;	LDL,	low	density	lipoprotein	cholesterol;	SBP,	sys‐
tolic	blood	pressure;	TG,	triglycerides.

TA B L E  1  Clinical	and	anthropometric	
characteristics	stratified	by	sex
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difference	between	sexes	decreased	as	salt	consumption	increase,	
even	after	controlling	for	confounders	and	regardless	of	using	BP‐
lowering	 medication.	 This	 increased	 sensitivity	 was	 confirmed	 by	
correlating	BP	with	salt	intake	as	showed	in	Figure	3A,B	in	which	the	
slope	of	 increase	 in	SBP	and	DBP	(Figure	3C)	based	on	salt	 intake	
was	significantly	higher	in	women	than	in	men.	To	avoid	the	possi‐
ble	influence	of	BP‐lowering	medication	on	the	reported	effects,	we	
performed	the	correlation	analysis	stratifying	participants	 in	those	
using	or	not	any	BP‐lowering	medication.	The	slope	of	the	regres‐
sion	lines	for	the	association	between	BP	and	salt	intake	were	similar	
regardless	of	the	use	of	BP‐lowering	medication	(data	not	shown).

To	test	if	these	results	would	be	caused	by	different	proportion	of	
hypertensive	participants	over	salt	intake	categories,	we	next	stratified	
the	 sample	by	normotensive	 and	hypertensive	participants.	Despite	
the	expected	differences	in	BP	between	normotensive	and	hyperten‐
sive	participants,	the	adjusted	mean	SBP	and	DBP	showed	a	stepper	
increase	in	women	than	in	men	according	to	increases	in	salt	 intake,	
regardless	 of	BP	 status	 (normotensive	 and	 hypertensive	 individuals;	
Figure	4A,C).	Also,	salt	intake	was	higher	in	hypertensive	participants	
than	in	normotensive,	regardless	of	sex.	However,	salt	intake	slightly	
increases	with	age	in	men	except	for	older	individuals,	regardless	of	BP	
status.	In	women,	however,	salt	intake	increases	with	age	in	normoten‐
sive	participants	but	decreases	in	hypertensive	(Figure	4B,D).

4  | DISCUSSION

High	 salt	 consumption	 has	 been	 associated	 with	 increased	 car‐
diovascular	 risk	 primarily	 because	 of	 increased	 incidence	 of	

hypertension	 and	 stroke.7,16,17	 In	 fact,	 salt	 consumption	by	gen‐
eral	 population	 has	 been	 reported	 to	 be	 at	 least	 twice	 the	 rec‐
ommendation.7	 A	 nationwide	 survey	 based	 on	 the	 Brazilian	
Household	Budget	Survey	 (2008‐2009)	estimated	 the	mean	salt	
intake	in	adults	to	be	11.7	g/d	for	a	2000	kcal/d	diet,18	similar	to	
that	we	found	in	our	study	(11	g/d).	Because	salt	 intake	contrib‐
utes	 to	 increase	BP	 along	 the	 adult	 life,	 the	 elevated	 consump‐
tion	of	this	nutrient	in	our	population	is	likely	to	give	a	significant	
contribution	 to	 the	 elevated	 prevalence	 of	 hypertension	 in	 the	
general	Brazilian	population	19	and	particularly	in	the	ELSA‐Brasil	
participants,	in	whom	the	prevalence	of	hypertension	was	almost	
36%,	a	higher	level	when	comparing	with	other	studies	in	similar	
populations.20

The	 large	number	of	participants	 included	 in	 the	present	anal‐
ysis	 allowed	 us	 to	 indicate	 differences	 among	 subgroups	 of	 the	
entire	population.	Our	data	clearly	show	a	considerable	difference	
in	salt	 intake	between	men	and	women,	confirming	previous	stud‐
ies	 in	which	 questionnaires	were	 used	 for	 salt	 intake	 estimates.21 
Differences	between	sexes	were	consistent	even	when	the	overall	
data	were	analyzed	by	age	groups,	ethnicity,	educational	level,	and	
BMI	categories.	In	fact,	BMI	has	been	reported	to	be	closely	associ‐
ated	with	increased	salt	consumption.22	Our	data	showed	a	strong	
relationship	between	obesity	and	salt	intake.	One	possibility	is	that	
obesity	develops	as	a	consequence	of	increasing	energy	intake.	Salt	
content	tends	to	be	elevated	in	higher	caloric	foods,	and	individuals	
with	a	higher	salt	intake	tend	to	accumulate	more	fat	over	time.23	We	
also	showed	an	interestingly	association	between	sociodemographic	
characteristics	and	salt	 intake.	Educational	 level	and	household	in‐
come	are	associated	to	food	purchasing	behavior.	Thus,	individuals	

F I G U R E  1  Frequency	of	salt	intake	
in	men	(A)	and	women	(B).	Prevalence	of	
hypertension	according	to	salt	intake	(C)	
in	men	(black	bars)	and	women	(gray	bars)
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with	less	formal	education	and	those	living	in	low‐income	domiciles	
are	more	likely	to	purchase	foods	that	are	lower	in	fiber	and	richer	
in	fat,	sugar,	and	salt.24	In	our	study,	we	observed	that	groups	with	
less	education	(less	years	in	school)	and	those	included	in	the	lowest	
socioeconomic	groups	showed	higher	salt	consumption,	higher	BP,	
and	higher	prevalence	of	hypertension.

The	recent	recommendations	for	salt	consumption	are	irrespec‐
tive	of	 sex.	However,	 our	data	 suggest	 that	 the	 impact	of	 salt	 in‐
take	on	changes	in	BP	may	be	different	between	men	and	women.	
It	 is	 well	 known	 that	 compared	 with	 women,	 men	 typically	 have	
higher	 SBP	 and	DBP.	We	 found	 a	 sex‐specific	 pattern	 in	 the	 rise	
in	BP	according	to	salt	 intake.	Our	data	clearly	demonstrated	that	

F I G U R E  2  Changes	in	SBP	and	DBP	in	men	(A	and	B)	and	women	(C	and	D)	according	to	salt	intake	in	all	participants	(dashed	line),	or	
stratified	by	those	in	use	(gray	line)	or	not	(black	line)	of	a	BP‐lowering	medication.	Mean	values	were	adjusted	by	age,	BMI,	diabetes,	GFR,	
and	K+	excretion

F I G U R E  3  Linear	regression	between	salt	intake	and	SBP	and	DBP	in	men	(A)	and	women	(B).	Comparison	between	the	slope	of	increase	
in	BP	according	to	salt	intake	in	men	and	women	(C)
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the	increase	in	BP	according	to	progressive	increases	in	salt	intake	
was	stepper	in	women	than	in	men.	In	fact,	BP	is	kept	stable	in	men	
during	 a	 large	 range	of	 salt	 intake,	 being	 significantly	 higher	 over	
14	g/d	of	salt,	while	in	women,	there	was	a	progressive	increase	in	
BP	starting	from	the	lowest	salt	intake	level.	Only	a	few	studies	have	
addressed	sex	differences	in	the	responsiveness	of	BP	to	salt	intake	
focusing	on	sex	hormones	as	a	major	 issue.	Myers	and	Morgan,25 
for	 instance,	 evaluated	 201	 volunteers	 without	 hypertension	
and	60	patients	with	 untreated	 hypertension	 under	 two	 levels	 of	
sodium	 intake	 on	BP.	 BP	 changes	were	more	 evident	 in	men	 and	
women	aged	50	and	over.	Also,	Pechère‐Bertschi	et	al26	 reported	
that	changes	in	BP	by	high	salt	 intake	were	not	different	between	
menstrual	cycle	phases.	It	is	important	to	note	that	our	results	were	
observed	 regardless	 of	 age	 stratification,	 suggesting	 that	 women	
have	 increased	responsiveness	to	salt	 intake	than	men,	 regardless	
of	climateric	stages.	Also,	 it	 is	 important	to	note	that	the	analyses	
were	adjusted	for	confounders	that	have	demonstrated	to	influence	
the	association	between	salt	intake	and	BP,	such	as	age,	BMI,	GFR,	
K+	excretion,	and	diabetes	status.

The	use	of	BP‐lowering	medication	has	been	reported	to	change	
the	sodium	excretion	and	might	bias	the	association	between	salt	in‐
take	and	BP.	 Ito	et	al27	showed	that	salt	 intake	was	similar	between	
treated	and	nontreated	hypertensive	patients	and	that	salt	intake	has	
an	independent	influence	on	SBP	that	might	influence	BP	control.	Our	
results	clearly	showed	that	although	salt	intake	was	different	between	
those	using	or	not	using	BP‐lowering	medication	and	also	BP	 levels	
were	different	in	these	two	subgroups,	the	rise	in	BP	according	to	salt	
intake	was	 stepper	 in	women	 than	 in	men,	 regardless	 of	 using	 BP‐
lowering	medication	or	not.	Also,	correlation	analysis	showed	similar	
slopes	between	those	using	or	not	a	BP‐lowering	medication.	These	
results	prove	that	the	use	of	BP‐lowering	medication	could	not	justify	
the	increased	responsiveness	to	salt	intake	observed	in	women.

Another	possible	factor	that	must	be	considered	is	the	presence	
of	hypertension	as	a	modulator	of	these	sex‐specific	characteristics.	
A	large	study	showed	that	the	association	between	salt	intake	and	
BP	is	more	pronounced	in	hypertensive	individuals	than	in	normo‐
tensive.28	Our	 results	did	not	confirm	this	 result	when	the	sample	
was	stratified	by	BP	status	 in	which	the	rise	 in	both	SBP	and	DBP	

F I G U R E  4  Changes	in	SBP	and	DBP	in	men	(A)	and	women	(C)	according	to	salt	intake	in	participants	stratified	by	normotensive	or	
hypertensive.	Mean	values	were	adjusted	by	age,	BMI,	diabetes,	GFR,	and	K+	excretion.	Salt	intake	according	to	age	categories	in	men	(B)	
and	women	(D)	stratified	by	normotensive	and	hypertensive
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according	to	salt	intake	was	similar	between	normotensive	and	hy‐
pertensive	participants,	despite	expected	differences	in	BP	levels.	It	
must	be	highlighted	that	women	also	showed	stepper	increase	in	BP	
when	compared	to	men,	regardless	of	BP	status.

Our	study	has	strengths	and	 limitations.	Our	greatest	strength	
is	the	sample	size,	allowing	robust	subgroup	analyses,	as	we	did	for	
the	use	of	BP‐lowering	medication	or	not,	and	also	for	normotensive	
and	hypertensive.	However,	we	must	state	that	the	cross‐sectional	
design	difficult	the	establishment	of	causal	relationships.	Also,	salt	
intake	was	not	determined	using	 the	gold‐standard	method	 (a	24‐
hour	urine	collection).	Another	 limitation	 that	cannot	be	 ruled	out	
is	the	absence	of	salt	sensitivity	analysis	as	a	possible	contributor	to	
the	effects	related	in	this	manuscript.	Salt	sensitivity	analysis	needs	
a	 longitudinal	 approach	 to	 establish	 a	 correct	 diagnosis,	 instead	 a	
cross‐sectional	design	used	for	this	manuscript.

5  | CONCLUSIONS

In	conclusion,	we	showed	that	ELSA‐Brasil	participants	have	a	high	
estimated	salt	intake	and	only	a	few	people	are	compliant	with	the	
actual	 recommendations	of	 salt	 intake.	Also,	 as	 a	major	 finding	of	
this	 study,	women	have	 a	high	 responsiveness	of	BP	 according	 to	
salt	 intake	than	men,	and	 it	 is	not	associated	with	age,	BP	 level	or	
the	use	of	BP‐lowering	medication.	Thus,	our	data	highlighted	to	the	
need	of	sex‐specific	approaches	to	control	the	rise	of	BP	according	
to	dietary	characteristics.
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