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Abstract
As	 few	epidemiological	 studies	have	 investigated	 the	effect	of	 lifestyle	 factors	on	
hypertension	in	the	very	elderly	population,	we	conducted	a	cross‐sectional	study	to	
examine	the	association	of	estimated	salt	intake	and	body	weight	with	blood	pres‐
sure	in	the	very	elderly	population.	We	enrolled	288	participants	aged	75	years	or	
older	who	were	residents	of	Sukagawa	City,	Fukushima	Prefecture,	Japan,	who	at‐
tended	the	health	checkup	conducted	in	2015.	Salt	intake	was	estimated	from	spot	
urine	 samples	 using	 the	 Tanaka	method.	 The	mean	 values	 for	 age,	 estimated	 salt	
intake,	 and	body	weight	 of	 all	 participants	were	79.7	 years,	 9.1	 g/d	 (standard	 de‐
viation	2.4	g),	and	54.3	kg	(standard	deviation	10.2	kg),	respectively.	General	linear	
models	showed	that	salt	intake	and	body	weight	were	associated	with	higher	systolic	
blood	pressure	(SBP)	levels	(per	standard	deviation	higher	level,	adjusted	difference	
4.13	mm	Hg	[95%	confidence	interval	1.69‐6.57]	and	5.34	mm	Hg	[95%	confidence	
interval	2.12‐8.56],	respectively).	Body	weight	was	associated	with	higher	diastolic	
blood	pressure	(DBP)	levels	(per	standard	deviation	higher	level,	2.74	mm	Hg	[95%	
confidence	interval	0.58‐4.90]).	However,	salt	intake	was	not	associated	with	higher	
diastolic	blood	pressure	levels	(per	standard	deviation	higher	level,	1.15	mm	Hg	[95%	
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1  | INTRODUC TION

Hypertension	 is	 a	 common	 and	 critical	 public	 health	 problem	 in	
the	elderly	population.	Its	prevalence	among	individuals	older	than	
75	years	exceeds	75%	 in	America1	 and	exceeds	70%	 in	 Japan.2 In 
addition,	hypertension	is	a	major	cause	of	death,	stroke,	myocardial	
infarction,	 congestive	 heart	 failure,	 and	 chronic	 renal	 disease.3‐6 
Pharmacological	 treatments	 of	 hypertension	 can	 be	 effective	
in	 reducing	 mortality	 even	 in	 the	 very	 elderly	 population.	 In	 the	
Hypertension	 in	 the	 Very	 Elderly	 Trial	 study,7	 which	 focused	 on	
very	 elderly	 individuals	 older	 than	80	 years	 (mean	 age:	 84	 years),	
antihypertensive	treatment	reduced	the	risks	of	non‐fatal	and	fatal	
stroke	and	death	from	cardiovascular	causes.	Despite	accumulating	
evidence	on	the	effectiveness	of	a	pharmacological	approach	for	hy‐
pertension,	evidence	on	the	effectiveness	of	a	non‐pharmacological	
approach	for	the	very	elderly	population	is	limited.

Among	 white	 adults	 with	 hypertension,	 adjusting	 salt	 intake	
from	 high	 to	 below	 recommended	 levels	 resulted	 in	 effective	 de‐
creases	in	SBP/DBP.8	Among	younger	elderly	individuals	aged	60‐80	
(mean	age:	66.5)	years,	clinical	 trials	have	demonstrated	 that	both	
weight	loss	and	sodium	reduction	are	effective	for	the	treatment	of	
hypertension.9	In	the	very	elderly	population,	a	small	double‐blind,	
placebo‐controlled,	 crossover	 trial	 (n	 =	7,	mean	 age	=	85)	 demon‐
strated	a	salt‐dependent	increase	in	blood	pressure	among	patients	
with	 borderline	 hypertension	 living	 in	 a	 long‐term	 care	 facility.10 
However,	 in	 that	study,	 the	effect	of	sodium	 intake	reduction	was	
only	evident	in	diastolic	blood	pressure	(DBP),	with	no	evidence	of	
an	 effect	 on	 systolic	 blood	 pressure	 (SBP);	 this	 finding	was	 prob‐
ably	due	 to	 the	small	 sample	size.	 In	addition,	previous	studies	on	
weight	 loss	 as	 a	 non‐pharmacological	 treatment	 for	 hypertension	
are	 scarce	 among	 the	 very	 elderly	 population.	 Thus,	 quantifying	
the	separate	contribution	of	salt	 intake	and	body	weight	on	blood	
pressure	among	the	very	elderly	population	is	helpful	for	physicians	
and	public	health	professionals.	In	this	study,	we	aimed	to	conduct	a	
community‐based,	cross‐sectional	study	to	examine	the	association	
of	both	salt	intake	and	body	weight	with	blood	pressure	in	the	very	
elderly	population	(age:	≥75	years).

2  | METHODS

2.1 | Setting

The	Sukagawa	study	is	a	community‐based	observational	study	that	
started	in	2015	in	Sukagawa	City,	which	is	located	in	the	center	of	
Fukushima	Prefecture,	Japan,	and	has	a	population	of	77	000.	The	
percentage	of	residents	aged	≥65	years	in	Sukagawa	City	is	27.1%,	

which	is	almost	the	same	as	the	national	average	value.	The	central	
area	of	Sukagawa	City	was	selected	as	the	study	setting.	This	district	
has	an	estimated	population	of	21	000	(ie,	approximately	one‐third	
of	the	total	population	of	Sukagawa	City),	2711	of	which	are	elderly	
(age:	≥75	years).

2.2 | Participants

Through	the	mail,	we	invited	the	residents	of	the	model	district	who	
were	aged	75	years	or	older,	excluding	bedridden	residents	who	were	
care	levels	4	and	5	in	the	Japanese	care	insurance,	to	participate	in	
the	Sukagawa	study	and	in	a	special	health	checkup.	The	respond‐
ents	underwent	a	special	health	checkup.	Measurements	of	physical	
health,	blood	pressure,	spot	sodium	excretion,	hearing	and	cognitive	
impairment,	and	frailty	were	conducted.	A	self‐report	questionnaire	
survey	was	also	administered.	Participants	who	underwent	the	spe‐
cial	health	checkup	and	submitted	a	self‐report	questionnaire	were	
included.

2.3 | Measurement of body weight and salt intake

The	main	exposures	were	salt	(NaCl)	intake	and	body	weight.	Height	
and	 body	 weight	 were	 measured	 using	 an	 automatic	 height	 and	
weight	scale	guaranteed	by	the	Japanese	Industrial	Standards,	and	
body	mass	index	(BMI,	kg/m2)	was	calculated.	Daily	salt	intake	was	
calculated	using	the	Tanaka	method11;	it	was	estimated	based	on	the	
calculation	of	24‐hour	sodium	and	creatinine	levels	from	spot	urine	
samples.	The	Tanaka	method	is	recommended	in	the	hypertension	
guideline	because	of	its	convenience	and	reliability.12	Estimation	of	
daily	salt	intake	(g/d)	was	calculated	using	the	following	formula:

In	this	formula,	sodium	and	creatinine	concentrations	were	de‐
termined	from	random	spot	urine	samples	collected	in	the	morning.

2.4 | Measurement of blood pressure

The	primary	outcomes	were	SBP	and	DBP	measured	at	rest.	Blood	
pressure	was	measured	 after	 5	minutes	 of	 seated	 rest	 by	 trained	
health	professionals	with	an	automated	upper	arm	blood	pressure	
monitor	 (OMRON	HEM‐906)	using	an	appropriate	cuff	size.	Given	
that	blood	pressure	was	measured	twice	only	when	SBP	in	the	first	
measurement	exceeded	130	mm	Hg,	values	of	SBP	and	DBP	in	the	
first	measurement	were	analyzed	for	primary	analyses.

24−hour urinary salt excretion [g∕day] = 0.0585×21.98×

[

UNa[mEq∕L]∕UCr[mg∕L]×(−2.04×age+14.89×weight[kg]

+16.14×height[cm]−2244.45)
]0.392

confidence	interval	−0.49	to	2.79]).	Our	findings	suggest	that	higher	SBP	is	associated	
with	both	salt	intake	and	body	weight	and	that	higher	DBP	is	associated	with	body	
weight	 in	 the	 very	 elderly	 population.	 This	 study	 provides	 a	 rationale	 for	 lifestyle	
modifications	to	prevent	hypertension	as	a	population	approach.
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2.5 | Measurement of confounding variables

Confounding	variables	included	in	this	study	were	age,	sex,	height,	
smoking	status	including	ex‐smoker,	physical	activity,	comorbidities	
including	a	history	of	cardiovascular	and	cerebrovascular	diseases,	
diabetes	mellitus,	dyslipidemia,	alcohol	intake,	and	medication	usage	
including	 antihypertensive	 agents	 or	 diuretics.	 Data	 on	 smoking	
status,	physical	activity,	alcohol	intake,	medications,	and	history	of	
cardiovascular	and	cerebrovascular	diseases	were	obtained	from	the	
self‐reported	questionnaire.	Smoking	status	was	defined	as	current	
smoker,	former	smoker,	or	never	smoker	depending	on	whether	the	
patients	smoked	more	than	one	cigarette	per	day,	did	not	smoke	but	
had	smoked	more	than	one	cigarette	per	day,	or	had	never	smoked,	
respectively.	 Regular	 physical	 activity	 was	 defined	 as	 an	 exercise	
habit	of	more	than	once	a	week.	A	history	of	cardiovascular	disease	
was	determined	if	they	had	a	past	history	of	angina	pectoris	or	myo‐
cardial	infarction	or	they	were	under	treatment	for	their	disease.	A	
history	of	cerebrovascular	disease	was	determined	if	they	had	a	past	
history	of	stroke.	A	history	of	renal	disease	was	determined	if	they	
answered	“yes”	to	the	question,	“Have	you	been	told	that	you	have	
renal	 disease	 at	 present?”	 Regular	 alcohol	 intake	 was	 determined	
if	they	consumed	more	than	20	g	of	alcohol	per	day	(equivalent	to	
500	mL	beer)	more	 than	once	 a	week.	Medication	 usage	was	 de‐
termined	if	they	answered	“yes”	to	the	question	“Are	you	currently	
taking	antihypertensive	medications	including	diuretics?”

Diabetes	mellitus	 was	 defined	 as	 having	 glycosylated‐hemo‐
globin	 values	 ≥6.5%	 (National	 Glycohemoglobin	 Standardization	
Program)	or	 taking	medications	 for	 diabetes	mellitus	 in	 the	 self‐
report	questionnaire.	Dyslipidemia	was	defined	as	a	 fasting	 low‐
density	 lipoprotein	 cholesterol	 level	 of	 ≥140	 mg/dL,	 a	 fasting	
triglyceride	 level	 of	 ≥150	mg/dL,	 a	 fasting	 high‐density	 lipopro‐
tein	cholesterol	level	of	≤40	mg/dL,	according	to	the	dyslipidemia	
guideline,13	or	taking	antihyperlipidemic	drugs.	Participants	were	
instructed	 to	 walk	 along	 a	 smooth	 and	 horizontal	 walkway,	 in	
which	 the	 segment	 consists	 of	 a	10‐m	 length	walkway	 for	mea‐
surement	 and	 sections	 from	either	 end	 for	 acceleration	 and	 de‐
celeration.	Walking	time	in	the	10‐m	section	was	measured	twice	
using	a	stopwatch	and	was	converted	to	m/s.	The	average	value	
among	the	two	was	used	for	subgroup	analysis.

2.6 | Statistical analysis

Participants	 with	 measured	 exposure	 variables	 (estimated	 salt	
intake	and	body	weight)	 and	outcome	variables	 (SBP/DBP)	were	
included	in	the	primary	analyses.	Demographic	characteristics,	es‐
timated	daily	salt	intake,	body	weight,	height,	and	SBP/DBP	of	the	
participants	were	described.	Age,	body	weight,	height,	BMI,	SBP/
DBP,	 and	 salt	 intake	were	 reported	 as	 continuous	 variables	 and	
shown	as	mean	values	and	standard	deviation	(SD).	Sex,	smoking	
status,	medication,	alcohol	intake,	physical	activity,	diabetes	mel‐
litus,	 dyslipidemia,	 and	 comorbidities,	 including	 a	 history	 of	 car‐
diovascular,	cerebrovascular,	and	renal	diseases,	were	reported	as	
categorical	variables	and	shown	as	numbers	and	proportions.	The	

distribution	of	estimated	salt	intake	and	body	weight	is	shown	in	
a	histogram.

We	 fitted	 a	 series	 of	 general	 linear	 models	 to	 examine	 the	
association	of	salt	 intake	and	body	weight	with	SBP	or	DBP.	For	
SBP	 and	 DBP,	 the	 models	 were	 fitted	 separately,	 and	 the	 two	
exposure	 variables	 and	 the	 confounders	 described	 above	 were	
simultaneously	 entered	 as	 explanatory	 variables.	 We	 estimated	
adjusted	differences	in	SBP	and	DBP	for	1	g	difference	in	salt	in‐
take	or	1	kg	difference	 in	body	weight,	 respectively.	 In	addition,	
to	illustrate	the	magnitudes	of	the	associations	at	the	population	
level,	the	adjusted	differences	of	SBP	and	DBP	were	redisplayed	
as	 those	 corresponding	 to	 a	 one	 SD	 increase	 in	 salt	 intake	 and	
body	weight,	respectively.	Missing	values	of	covariates,	including	
smoking	status,	alcohol	intake,	physical	activity,	and	comorbidity,	
were	multiply	imputed	in	the	primary	analysis,	assuming	that	the	
values	were	missing	at	random.14	As	a	sensitivity	analysis,	we	con‐
ducted	 a	 complete	 case	 analysis	 by	 excluding	 the	 cases	without	
confounding	variables.	Further,	among	the	primary	analysis	pop‐
ulations,	we	repeated	analyses	using	all	the	blood	pressure	mea‐
surements	(namely	inclusion	of	the	second	blood	pressure	value)	
via	generalized	estimating	equations.	We	also	conducted	ad	hoc	
subgroup	 analyses	 by	 separately	 including	 interaction	 pairs	 (ex‐
posures	[namely	salt	 intake	or	body	weight]	×	subgroup	variable)	
to	the	original	general	 linear	models.	Three	subgroups	were	ana‐
lyzed:	 (a)	 those	taking	antihypertensive	drugs	and	those	not	tak‐
ing	antihypertensive	drugs,	(b)	men	and	women,	and	(c)	those	with	
or	without	frailty	determined	by	gait	speed	1.0	m/s	or	 lower.	All	
statistical	analyses	were	conducted	using	Stata®/SE	version	15.0	
(Stata	Corp	LP).

2.7 | Ethical considerations

The	 study	 complied	with	 the	Declaration	 of	Helsinki	 and	was	 ap‐
proved	 by	 the	 Institutional	 Review	 Board	 of	 Fukushima	 Medical	
University	School	of	Medicine.	Written	consent	to	participate	in	the	
study	was	obtained	from	each	participant.

3  | RESULTS

3.1 | Characteristics of the study participants

Two	 hundred	 ninety‐one	 residents	 responded	 and	 participated	 in	
the	 health	 checkup.	We	 included	 288	 participants	 in	 the	 primary	
analysis	after	excluding	three	residents	who	lacked	salt	intake	expo‐
sure	(Figure	1).	The	number	of	participants	with	at	least	one	missing	
covariate	was	122,	and	the	number	of	participants	 included	 in	the	
sensitivity	analysis	was	166.	Participant	characteristics	are	shown	in	
Table	1.	The	mean	age	of	the	patients	was	79.7	(SD:	4.2)	years,	and	
172	(59.7%)	were	women.	The	mean	estimated	salt	intake	was	9.1	g/d	
(SD	2.4	g/d,	min:	2.8	g/d,	max:	19.3	g/d),	and	the	mean	body	weight	
was	54.3	kg	(SD	10.2	kg)	(men:	61.7	kg	[SD	8.3	kg],	women:	49.3	kg	
[SD	8.1	kg]).	The	mean	BMI	was	22.8	kg/m2	(SD	3.3	kg/m2),	and	the	
mean	blood	pressure	was	144.4/75.4	mm	Hg	(SD	19.8/13.1	mm	Hg).	
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The	prevalence	of	hypertension	(defined	as	an	SBP	of	≥140	mm	Hg	
or	 taking	 antihypertensive	 medications	 or	 diuretics)	 was	 81.2%	
(234/288).	 The	 distributions	 of	 salt	 intake	 and	 body	 weight	 are	
shown	in	Figure	2.	The	proportion	of	participants	with	an	estimated	
salt	 intake	of	<5	g/d,	which	 is	 recommended	by	 the	World	Health	
Organization,15	was	1.0%	(3/288),	and	the	proportion	of	those	with	

an	 estimated	 salt	 intake	 of	 <8	 g/d,	which	was	 recommended	 as	 a	
target	value	by	the	Japanese	Ministry	of	Health	and	Welfare,16	was	
33.7%	(97/288).	The	proportion	of	those	with	a	BMI	≥25	kg/m2	was	
26.4%	(76/288).

3.2 | Association of estimated salt intake and body 
weight with blood pressure

One‐unit	higher	values	in	estimated	salt	intake	(per	g/d)	and	body	
weight	 (per	kg)	were	associated	with	a	higher	SBP	 (adjusted	dif‐
ference	 1.73	 mm	 Hg	 [95%	 confidence	 interval	 {CI}	 0.71‐2.76]	
and	 0.52	 mm	 Hg	 [95%	 CI	 0.21‐0.84],	 respectively;	 Table	 2).	 A	
one‐unit	higher	value	in	body	weight	(per	kg)	was	also	associated	
with	a	higher	DBP	(adjusted	difference	0.27	mm	Hg	[0.06‐0.48]).	
However,	a	one‐unit	higher	value	in	salt	intake	was	not	associated	
with	 higher	DBP	 (0.48	mm	Hg	 [95%	CI	 −0.21	 to	 1.17]).	One	 SD	
higher	 values	 in	estimated	 salt	 intake	and	body	weight	were	as‐
sociated	with	a	higher	SBP	(adjusted	difference	4.13	mm	Hg	[95%	
CI	1.69‐6.57]	 and	5.34	mm	Hg	 [95%	CI	2.12‐8.56],	 respectively;	
Table	2).	A	one	SD	higher	value	 in	body	weight	was	also	associ‐
ated	with	a	higher	DBP	(adjusted	difference	2.74	mm	Hg	[95%	CI	
0.58‐4.90]),	but	a	one	SD	higher	value	 in	salt	 intake	was	not	as‐
sociated	with	a	higher	DBP	(1.15	mm	Hg	[95%	CI	−0.49	to	2.79]).	
In	 a	 complete	 case	 analysis,	 one‐unit	 higher	 values	 in	 estimated	
salt	intake	(per	g/d)	and	body	weight	(per	kg)	were	associated	with	
a	higher	SBP	(adjusted	difference	2.3	mm	Hg	[95%	CI	0.85‐3.75]	
and	0.64	mm	Hg	[95%	CI	0.15‐1.13],	respectively;	see	Table	S1).	A	
one‐unit	higher	value	in	body	weight	(per	kg)	was	also	associated	
with	a	higher	DBP	(adjusted	difference	0.46	mm	Hg	[0.14‐0.78]),	
but	a	one‐unit	higher	value	in	salt	intake	was	not	associated	with	
a	higher	DBP	(0.31	mm	Hg	[95%	CI	−0.63	to	1.26]).	The	additional	
analyses	using	all	the	blood	pressure	measurements	are	shown	in	
Table	S2.	The	magnitudes	of	 the	associations	are	slightly	smaller	
than	those	presented	in	Table	2.

The	 associations	 among	 participants	with	 or	without	 antihyper‐
tensive	medications	are	shown	in	Table	S3.	The	associations	were	sim‐
ilar	between	those	with	and	without	antihypertensive	medications,	as	
the	interactions	were	not	significant.	The	associations	among	the	par‐
ticipants	by	participants'	sex	are	shown	in	Table	S4.	The	magnitude	of	
the	associations	between	body	weight	and	SBP	differed	by	sex;	how‐
ever,	 all	 point	estimates	of	 the	associations	between	 the	exposures	
and	SBP/DBP	showed	the	same	directions	regardless	of	sex.	The	asso‐
ciations	among	participants	with	or	without	frailty	determined	by	gait	
speed	are	shown	in	Table	S5.	The	associations	were	similar	between	
those	with	and	without	frailty,	as	the	interactions	were	not	significant.

4  | DISCUSSION

Our	findings	suggested	that	higher	values	of	both	estimated	salt	in‐
take	and	body	weight	gain	in	the	very	elderly	population	were	associ‐
ated	with	higher	SBP	values.	The	present	findings	are	consistent	with	
those	reported	in	previous	studies	involving	middle‐aged	individuals	

F I G U R E  1  Flowchart	of	study	participants

TA B L E  1  Characteristics	of	the	population	of	the	SUKAGAWA	
study

 

Total

Missing, nN = 288

Age,	y 79.7	(4.2)  

Female,	n	(%) 172	(59.7)  

Body	weight,	kg 54.3	(10.2)  

Height,	cm 153.9	(9.3)  

Body	mass	index,	kg/m2 22.8	(3.3)  

Systolic	blood	pressure,	mm	Hg 144.4	(19.8)  

Diastolic	blood	pressure,	mm	Hg 75.4	(13.1)  

Salt	intake,	g/d 9.1	(2.4)  

Comorbidities,	n	(%)

Dyslipidemia 61	(31.6) 95

Diabetes 23	(11.9) 95

History	of	cardiovascular	disease 43	(15.8) 16

History	of	cerebrovascular	disease 18	(6.6) 16

History	of	renal	disease 13	(4.5)  

Smoking,	n	(%)a 91	(36.8) 41

Prescription	of	antihypertensive	
agents	or	diuretics,	n	(%)

168	(58.3)  

Alcohol	intake	more	than	20	g/d,	n	(%) 74	(28.2) 26

Physical	activity	(regular	exercise	
more	than	once	a	week),	n	(%)

236	(89.1) 23

Gait	speed	more	than	1	m/s,	n	(%) 213	(74.7) 3

Note:	Continuous	variables	are	summarized	as	mean	(standard	
deviation).
aCurrent	or	former	smoker	(more	than	one	cigarette	per	day)	
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or	 approximately	 60‐70‐year‐old	 individuals.	According	 to	 a	 global	
epidemiologic	study	targeting	adults	aged	55‐70	years	 in	18	coun‐
tries,17	 the	 increments	 in	SBP	and	DBP	for	every	1	g	of	salt	 intake	
were	1.17	and	0.47	mm	Hg,	both	of	which	were	 lower	 than	 incre‐
ments	observed	in	our	study.	A	study	of	the	Japanese	adult	popula‐
tion	 also	 showed	 lower	 increments	 in	 SBP	 and	DBP	 for	 every	 1	 g	
of	 salt	 intake	 (1.52	 and	 0.35	mm	Hg)	 compared	 to	 our	 findings.18 
The	greater	increments	in	our	study	might	be	explained	by	the	age‐
dependent	elevation	in	blood	pressure	in	response	to	salt	intake	as	
was	suggested	in	a	meta‐analysis.19	Among	the	very	elderly	popula‐
tion,	only	one	small,	double‐blind,	placebo‐controlled,	crossover	trial	
(n	=	7,	mean	age	=	85	years)10	examined	the	effects	of	salt	 reduc‐
tion	on	lowering	blood	pressure.	Despite	the	large	difference	in	the	
amount	of	salt	(equivalent	of	7.8	g),	the	intervention	led	to	a	signifi‐
cant	difference	in	only	DBP.	The	failure	to	detect	differences	in	SBP	
was	probably	owing	to	the	small	sample	size.	 In	contrast,	we	could	
show	differences	in	SBP	associated	with	the	difference	in	salt	intake	
but	not	differences	in	DBP.	High	aortic	stiffness	among	our	very	el‐
derly	population	may	have	caused	the	low	range	of	DBP	distribution,	
and	owing	to	the	small	variability	in	DBP,	associations	between	DBP	
and	salt	intake	may	be	absent.

With	 regard	 to	 higher	 blood	 pressure	 being	 associated	with	 a	
higher	body	weight,	our	 study	 showed	 that	a	1‐kg	higher	value	 in	

body	weight	was	associated	with	a	0.5/0.2‐mm	Hg	higher	value	of	
SBP/DBP.	This	finding	is	in	accordance	with	a	previous	study	show‐
ing	a	0.5	to	2‐mm	Hg	reduction	in	DBP	for	every	1	kg	of	weight	loss	
among	patients	who	were	30‐54	years	old	and	were	between	115%	
and	165%	of	 their	 desired	body	weight.20	Considering	 the	 above‐
mentioned	results,	the	simultaneous	presence	of	higher	salt	 intake	
and	body	weight	rather	than	salt	intake	or	body	weight	alone	might	
be	associated	with	higher	blood	pressure	levels.	The	blood	pressure	
lowering	 effect	 of	 a	 combination	 of	 salt	 reduction	 and	weight	 re‐
duction	was	shown	in	the	TONE	trial	targeting	the	younger	elderly	
population.9	 As	 our	 study	 differs	 from	 the	TONE	 trial	 in	 terms	of	
study	design	(observational)	and	target	population	(very	elderly	vs.	
younger	 elderly),	 the	 effect	 estimates	 among	 the	 studies	 are	 not	
comparable.	Further	study	 is	warranted	to	determine	whether	 the	
combination	of	salt	intake	and	weight	reduction	has	an	additive	ef‐
fect	on	blood	pressure	among	the	very	elderly	population.

There	 are	 several	 clinical	 implications	 for	 clinicians	 and	 those	
involved	in	public	health,	such	as	policy	makers	and	health	profes‐
sionals	working	 in	the	community.	First,	 the	 impact	of	blood	pres‐
sure	reduction	and	body	weight	reduction,	even	by	a	few	numbers,	is	
enormous	in	the	perspective	of	a	population	approach.	In	the	meta‐
analysis	of	 the	effects	of	 lowering	blood	pressure,	 each	5‐mm	Hg	
reduction	 in	blood	pressure	was	associated	with	a	20%	 lower	 risk	

F I G U R E  2  Distribution	of	estimated	
salt	intake	(g/d)	and	body	weight	(kg)

TA B L E  2  Differences	in	systolic	and	diastolic	blood	pressure	per	unit	per	SD	increase	in	salt	intake	and	body	weight	(n	=	288)

 

SBP (mm Hg) DBP (mm Hg)

Mean difference (95% CI) P‐value Mean difference (95% CI) P‐value

Salt	intake	per	1	g 1.73 (0.71 to 2.76) 0.001 0.48 (−0.21	to	1.17) 0.168

per	1	SD	gram 4.13 (1.69 to 6.57) 1.15 (−0.49	to	2.79)

Body	weight	per	
1	kg

0.52 (0.21 to 0.84) 0.001 0.27 (0.06 to 0.48) 0.013

per	1	SD	kg 5.34 (2.12 to 8.56) 2.74 (0.58 to 4.90)

Note:	Estimated	by	general	linear	models	adjusted	for	age,	sex,	height,	smoking	status,	physical	activity,	comorbidity	(cardiovascular,	cerebrovascu‐
lar,	and	renal	diseases),	diabetes	mellitus,	dyslipidemia,	alcohol	intake,	and	medication	(antihypertensive	agents	and	diuretics).	Missing	values	were	
multiply	imputed.
Bold	value	indicates	significance	at	P	<	0.05.
Abbrevaitions:	CI,	confidence	interval;	DBP,	diastolic	blood	pressure;	SBP,	systolic	blood	pressure;	SD,	standard	deviation.
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of	coronary	heart	disease	and	a	29%	lower	risk	of	stroke	in	the	pop‐
ulation	approach.19	With	regard	to	the	 importance	of	body	weight	
reduction,	 the	overall	mortality	 rose	by	30%	 for	each	5‐kg/m2 in‐
crease	in	a	study	pooling	57	prospective	studies.21	Second,	dietary	
sodium	restriction	is	a	non‐pharmacological	approach	applicable	not	
only	at	the	individual	 level	but	also	at	the	community	and	national	
levels.	A	non‐pharmacological	approach	can	be	adopted	not	only	in	
hospitals	and	clinics	but	also	in	communities	or	homes.	For	example,	
the	effects	of	cooking	classes	 in	a	community	 focusing	on	salt	 re‐
duction	could	be	effective	in	reducing	the	salt	intake	of	housewives	
and	their	families.22	At	the	national	level,	one	attempt	to	reduce	the	
salt	intake	of	a	population	was	successfully	made	in	the	UK.23	The	
UK	strategy	involving	voluntary	agreement	with	the	food	industry	to	
reduce	salt	content	in	processed	foods,	improvement	in	food	label‐
ing,	and	a	public	awareness	campaign.24	This	program	was	followed	
by	a	reduced	salt	intake	and	a	decrease	in	blood	pressure	among	the	
population	from	2003	to	2011.25	Third,	in	the	very	elderly	popula‐
tion,	non‐pharmacological	treatments	are	preferred	over	pharmaco‐
logical	treatments	because	of	the	high	possibility	of	pharmacological	
adverse	 effects,26	 low	adherence	due	 to	polypharmacy,27	 and	 the	
cost‐effectiveness.28	The	American	College	of	Cardiology/American	
Heart	Association	suggests	that	lifestyle	modification	may	be	all	that	
is	needed	to	treat	milder	forms	of	hypertension	in	elderly	patients.29 
However,	reducing	salt	intake	for	reduction	of	blood	pressure	may	
be	detrimental	 among	 frail	 elderly	 individuals.	 Indeed,	 one	 cohort	
study	 showed	 that	 among	elderly	 individuals	who	 could	not	 com‐
plete	a	walking	test,	higher	rather	than	lower	blood	pressure	was	as‐
sociated	with	reduced	mortality.30	Weight	reduction	is	also	regarded	
as	a	modifiable	factor	and	the	first	line	of	treah	obesity.31‐33	In	the	
TONE	 trial,9	 a	 regimen	 of	 diminished	 caloric	 intake	 and	 increased	
physical	 activity	 was	 associated	 with	 a	 persistent	 weight	 loss	 of	
4.7	kg,	which	led	to	a	reduction	in	the	SBP/DBP	by	3.2/0.3	mm	Hg	as	
a	sole	effect	of	weight	intervention.	However,	as	the	very	elderly	are	
prone	to	loss	of	muscle	volume	and	function	associated	with	body	
weight	loss,	further	studies	to	examine	the	safety	and	feasibility	of	
weight	loss	interventions	are	warranted	among	this	population.

This	study	has	several	strengths.	First,	 it	analyzed	a	very	elderly	
population	(75‐90	years	old)	living	in	a	community	and	was	not	limited	
to	patients	with	hypertension.	Inclusion	of	patients	without	hyperten‐
sion	allowed	us	to	provide	a	basis	for	considering	a	preventive	strategy	
for	hypertension	at	the	population	 level.	Second,	to	our	knowledge,	
this	study	is	the	first	to	show	the	magnitude	of	the	associations	of	both	
salt	intake	and	body	weight	with	blood	pressure	among	the	very	el‐
derly	population.	In	terms	of	similar	magnitudes	of	higher	blood	pres‐
sure	associated	with	one	SD	higher	values	of	the	two	exposures,	our	
study	suggests	that	both	salt	 intake	and	body	weight	are	 important	
targets	for	preventing	hypertension	at	the	population	level.

Several	 limitations	of	the	study	must	be	mentioned.	First,	 this	
was	 a	 cross‐sectional	 study;	 thus,	 it	 cannot	 attribute	 causality	
from	the	association	of	estimated	salt	intake	and	body	weight	with	
blood	pressure.	Second,	although	24‐hour	collection	of	urine	is	the	
gold	 standard	 to	calculate	daily	 salt	 intake,	we	estimated	 the	 salt	
intake	 by	 using	 the	 Tanaka	 formula	 as	 an	 alternative	 indicator	 of	

24‐hour	 salt	 intake.	However,	many	 large	epidemiological	 studies	
have	adopted	estimation	methods	using	 spot	urine	 samples,	 such	
as	the	Tanaka	method34	and	the	Kawasaki	method17	because	of	the	
ease	of	urine	collection	and	participant	recruitment.	In	addition,	the	
Tanaka	method	has	been	validated	 in	other	observational	 studies	
and	is	a	less	biased	method	than	other	methods.35		Finally,	Japanese	
hypertension	 guidelines	 endorse	 the	 Tanaka	 method	 for	 clinical	
use.12	Third,	our	findings	were	obtained	from	the	attendees	of	the	
health	checkup	and	may	be	subject	to	selection	bias.	However,	we	
believe	that	our	participants	are	representative	of	elderly	residents	
living	 in	 local	 cities	 in	 Japan	 to	 some	degree,	 considering	 the	 re‐
sults	that	summary	measures	of	exposure	and	outcome	among	the	
participants	were	similar	to	those	of	the	national	survey	in	Japan.	
According	to	the	national	survey	of	the	Japanese	Ministry	of	Health	
and	Welfare,	the	mean	salt	intake	estimated	from	the	dietary	record	
was	10.8	and	9.3	g/d	for	men	and	women	aged	70	years	or	older,	re‐
spectively.36	The	mean	salt	intake	(9.1	g/d)	in	our	study	was	similar	
to	 the	values	 from	 the	national	 survey.	Regarding	 summary	mea‐
sures	for	the	outcomes,	means	and	SDs	of	the	SBP	and	DBP	were	
146.6	mm	Hg	 (SD:	19.6)	and	79.6	mm	Hg	 (SD:	11.9),	 respectively,	
in	the	community	(≥70	years	old)	in	the	national	survey,37	whereas	
they	were	144.4	mm	Hg	(SD:	19.8)	and	75.4	mm	Hg	(SD:	13.1),	re‐
spectively,	in	our	study.	The	results	of	this	study	may	be	applicable	
to	the	relatively	healthy	elderly	population	who	can	independently	
perform	 activities	 of	 daily	 living.	 Fourth,	 despite	 the	 high	 preva‐
lence	of	 individuals	taking	antihypertensive	medications,	 informa‐
tion	on	antihypertensive	medication	was	inclusively	collected	along	
with	 that	on	diuretics	via	a	questionnaire.	We	think	some	antihy‐
pertensive	drugs	with	natriuretic	properties	could	be	a	confounder,	
but	other	antihypertensive	drugs	could	not	be	confounders	(please	
note	that	a	confounder	requires	correlation	with	exposure	[namely	
salt	intake	in	this	study]).38	Expected	bias	due	to	failure	of	complete	
adjustment	 of	 diuretics	 is	 underestimation	 of	 the	 association	 be‐
tween	salt	 intake	and	blood	pressure	 in	 this	 study	because	 those	
with	 higher	 salt	 excretion	 in	 the	 urine	 are	more	 likely	 to	 be	 tak‐
ing	 antihypertensive	 drugs	with	 natriuretic	 properties,	 and	 these	
contribute	to	 lowering	of	blood	pressure	 levels.	Therefore,	 if	data	
on	the	class	of	antihypertensive	drugs	and	their	dose	are	collected	
separately	and	are	completely	adjusted,	the	magnitude	of	the	asso‐
ciation	between	salt	intake	and	blood	pressure	may	be	intensified	
compared	to	that	presented	in	this	study.	Fifth,	renal	function	was	
not	obtained.	Although	we	adjusted	for	participants	who	answered	
to	“yes”	to	the	question,	“Have	you	been	told	that	you	have	renal	
disease	at	present?”,	some	participants	may	have	had	mild	undiag‐
nosed	impairment	in	renal	function.

5  | CONCLUSIONS

Our	findings	suggested	that	higher	estimated	salt	intake	levels	and	
higher	weight	are	associated	with	higher	SBP.	The	study	provided	
evidence	and	rationale	for	lifestyle	modification	not	only	for	hyper‐
tensive	 management	 but	 also	 for	 hypertension	 prevention	 at	 the	
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population	level.	However,	the	actual	efficacy	of	lifestyle	modifica‐
tion	is	unknown.	Further	research	is	needed	to	clarify	whether	re‐
duction	of	salt	intake	and	body	weight	lowers	blood	pressure	among	
this	population.
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