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Abstract: This review aims to examine the relationship of sodium and potassium intake and
cardiovascular disease (CVD) among older people. Methods: We performed a literature search
using PubMed and Web of Science (January 2015 to July 2020) without language restriction.
Observational and experimental studies that reported the relationship between sodium, potassium,
or sodium-to-potassium ratio with CVD among older adults aged higher than 60 years were included.
The authors independently screened all identified studies, extracted information, and assessed
the quality of included studies. Risk of bias was assessed using the Risk of Bias Assessment
Tool for Nonrandomized Studies (RoBANS) for observational studies and the revised Cochrane
risk-of-bias tool (RoB 2 tool) for randomized trials. Results: We included 12 studies (6 prospective
cohort studies, 5 cross-sectional studies, and 1 experimental study). Five of the studies reported on
sodium-to-potassium ratio (n = 5), and the others on potassium and/or sodium intake. Cardiovascular
events (e.g., stroke and heart failure) were the most reported outcome (n = 9). Of the 12 studies
included, five observational studies had low bias risk and the randomized controlled trial was judged
as uncertain risk of bias. We found inconsistent results for the effect of the reduction of sodium intake
in this population for lower risk of CVD. We found that both the increase of potassium intake and the
decrease of sodium-to-potassium ratio were associated with lower risk of hypertension and CVD,
particularly stroke. Conclusion: The present review suggests that both higher potassium and lower
sodium-to-potassium ratio are associated with lower risk of CVD.
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1. Introduction

The world is facing a critical healthcare challenge in rising and potentially unsustainable
healthcare costs, mainly due to the increasing prevalence of unhealthy lifestyles, chronic diseases, and a
growing ageing population that requires more diversified care and increased societal demands [1,2].
Indeed, the number of older persons (>60 years) in world is expected to double until 2050, when it is
projected to reach nearly 2.1 billion of persons; the process of population ageing will be most advanced
in Europe and North America [1]. It will be essential for countries to develop and implement policies
to face an ageing population with a high burden of chronic conditions, including cardiovascular
diseases (CVD). Multi-morbidity will increase the demand to strengthen disease prevention and
integrate service delivery around people’s needs for health and social care.
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On top of health-related age frailty, ageing people have non-communicable chronic diseases such
as CVD that are the main contributors to the total burden of disease and mortality in low-, middle- and
high-income countries [3,4]. CVD consists of a group of heart and blood vessels disorders that include
coronary heart disease (e.g. heart attack), cerebrovascular disease (e.g., stroke), and diseases of the aorta
and arteries, including hypertension and peripheral vascular disease [5]. In older persons, CVD imposes
a huge burden in terms of mortality, morbidity, disability, functional decline, and healthcare costs [6].
Hypertension is the most powerful preventable risk factor for death and disability from CVD [7] and
also for cognitive decline and loss of autonomy later in life [8]. Hypertension prevalence and severity
increase with age, and treating healthy subjects aged 75 years and older with moderate to severe
hypertension reduces non-fatal strokes, cardiovascular morbidity and mortality, and the incidence of
heart failure [9]. The American College of Cardiology/American Heart Association (ACC/AHA) defines
for most adults ≥65 years old a blood pressure (BP) goal of <130/80 mmHg [10], and the European
Society of Cardiology/European Society of Hypertension (ESC/ESH) recommends for persons between
the ages of 65 and 79 years (elderly) and above 80 years (very old) a BP target of <130–139/70–79 mmHg [11].

There is strong scientific evidence that behavioral (such as unhealthy diet) and metabolic (such as
hypertension) risk factors play a key role in the etiology of CVD. High dietary intakes of salt and
low intake of fruits and vegetables are linked to increase CVD risk [12,13], mainly due to its impact
on BP. Both a lower sodium and a higher potassium intake have been associated with lowered BP
and a reduction in CVD [14,15], particularly in adults with hypertension. A recent meta-analysis of
32 randomized controlled trials found a U-shaped relationship between potassium supplementation
and BP, with stronger lowering effects in participants with hypertension and at higher levels of
sodium intake [16]. In this line, the World Health Organization strongly recommends a reduction to
<2000 mg/day in sodium intake (5 g/day salt) [17], and an increase in dietary potassium intake of at
least 3510 mg/day to reduce BP and the risk of CVD, stroke, and coronary heart disease in adults [18].
Urinary sodium-to-potassium ratio is an alternative indicator of cardiovascular risk, and the proposed
ideal ratio of sodium-to-potassium intake (1:1) is achieved when sodium and potassium intake are
within WHO recommended values [18]. A recent meta-analysis of prospective and retrospective
observational studies reported that higher sodium intake and higher sodium-to-potassium ratio
are associated with higher risk of stroke [15]. However, most published systematic reviews and
meta-analyses on the relationship between dietary sodium, potassium, and CVD are done among
adults regardless of age, ignoring the complexity of older people. Thus, this review aims to examine
the relationship of sodium and potassium intake and CVD in older people (>60 years).

2. Materials and Methods

The present systematic review was reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [19].

2.1. Search Strategy

PubMed and Web of Science were systematically searched from January 2015 up to 10 July 2020,
to assess the most recent evidence. The search was performed by one author (CG) using a combination
of MeSH terms and keywords related to population, CVD, and dietary sodium and potassium intake,
with no restriction on language. The search terms used in PubMed was the following, and then adapted
to Web of Science: (“sodium” OR “sodium chloride”) AND (“potassium”) AND (“cardiovascular
disease” OR “coronary heart disease” OR “ischemic heart disease” OR “myocardial infarction” OR
“stroke” OR “heart attack” OR “hypertension” OR “high blood pressure”) AND (“elderly” OR “older
adults” OR aging OR “later life” OR senior OR nonagenarian OR octogenarian OR centenarian).
The reference lists of included articles and reviews were also manually reviewed for additional
relevant studies.
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2.2. Eligibility Criteria and Study Selection

Studies were included in this review if: (1) the study was published in English, French, Portuguese,
or Spanish; (2) the study design was cohort, case-cohort, nested case-control, case-control with a follow
up of 12 months’ length or above, cross-sectional, or intervention studies with randomized groups
(the intervention/experimental group and the control group with no intervention/usual sodium or
potassium intake), and a minimum intervention duration of 4 weeks; (3) participants’ mean or median
age were ≥ 60 years old, living in the community or institutionalized (nursing home) (for longitudinal
studies mean age were considered at baseline; studies with stratified analyses by age groups were
considered if results were available for ages ≥ 60 years); (4) the exposure of interest was sodium,
potassium, or both assessed through dietary questionnaires or urinary measurements (for intervention
studies the intervention was performed using potassium-containing supplements or through dietary
modification only with sodium or potassium as target components); (5) the outcome of interest was
CVD (prevalence, incidence, or mortality), hypertension, systolic blood pressure (SBP), or diastolic
blood pressure (DBP). We excluded studies performed among participants with kidney disease and
studies that not exclusively targeted potassium or sodium intake but multiple health behaviors
(e.g., physical activity and diet). If multiple studies were published based on the same sample, we
chose to include the study reporting prospective analysis or the study that used the largest sample size
(for cross-sectional analyses). The review of titles and abstracts of all identified studies, and full-text
assessment were done independently by the authors (CG and SA). Any disagreement was resolved
through consensus.

2.3. Data Extraction

Data extraction of eligible studies was done independently by both authors using a standardized
form, with any disagreement resolved by consensus. The information extracted comprised: the first
author‘s last name, publication year, country, study design, mean or median age of participants, number of
participants/case, sex, exposure identification and assessment method, outcome measure identification,
follow-up duration, covariates used in multivariable analysis, and results. For intervention studies,
details about the intervention was also extracted.

2.4. Quality Assessment

Both authors independently assessed the risk of bias for observational studies using the Risk of Bias
Assessment Tool for Nonrandomized Studies (RoBANS) [20], and the revised Cochrane risk-of-bias
tool (RoB 2 tool) for randomized trials [21]. RoBANS evaluated six bias domains: (1) selection
of participants; (2) confounding variables; (3) measurement of exposure; (4) outcome assessments;
(5) incomplete outcome data; and (6) selective outcome reporting. The risk of bias for each domain was
judged as low risk, high risk, or unclear risk. Overall risk of bias was evaluated according to three key
domains (the selection of participants, confounding variables, and incomplete outcome data). Then,
if one of the three domains was assessed having a risk of bias as low, unclear, or high overall risk was
classified according the more frequent classification. If each key domain was assessed differently the
overall risk was categorized as unclear.

RoB tool considered the assessment of bias in five domains due to (1) randomization process,
(2) deviations from intended interventions, (3) missing outcome data, (4) measurement of the outcome,
and (5) selection of the reported results. The possible risk-of-bias judgements in each domain are low
risk of bias, some concerns or high risk of bias. Additionally, an overall risk-of-bias judgement was
done according to each domain assignment. Therefore high risk of bias was assigned if study it was
judged to be at high risk of bias for at least one domain, some concerns if the study it was judged to
raise some concerns for at least one domain and low risk if the study it was judged to be at low risk of
bias for all domains.
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3. Results

The database search resulted in a total of 596 records. Additionally, six papers were identified from
the reference list. After the removal of duplicates (n = 43), the titles and abstracts of 559 records were
screened according to eligibility criteria. Then, from these, the full-text of 92 publication were screened,
and 12 papers were included in the present review for data extraction and quality assessment (Figure 1).

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 
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Figure 1. Flowchart of systematic literature search for inclusion in the review of relationship of sodium
and potassium intake and cardiovascular disease among older people.

3.1. Characteristics of Studies

Tables 1–3 show the characteristics of the 12 included studies, ordered on publication year, which
examined the association between sodium and/or potassium intake and CVD among older people.
All included studies were carried out among population from developed countries, including USA
(n = 5), France (n = 1), Italy (n = 1), Japan (n = 1), Korea (n = 1), the Netherlands (n = 1), Poland (n = 1),
and Turkey (n = 1). Participants mean age ranged 60 to 79.7 years and all studies were conducted
in men and women. Some studies were restricted to population with a specific condition, including
type 2 diabetes (n = 1) [22], acute stroke (n = 1) [23], hypertension (n = 1) [24], and pre-hypertension
(n = 1) [25].
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Table 1. Characteristics of included cross-sectional studies in systematic review of dietary sodium, potassium, sodium-to-potassium ratio, and cardiovascular disease.

Author, Year
[Reference] Country Participants

Characteristics Exposure
Sodium/Potassium

Intake
Assessment

Outcome
Measures Covariates Main Findings

Guligowska
AR, 2015 [31] Poland

n = 239 (66 men)
mean age =

72.0 ± 9.34 years

Sodium
Potassium

24-hour recall
questionnaire

Cardiometabolic
disease

(hypertension,
history of ischemic

heart disease,
chronic HF or MI)

None

No significant differences for dietary sodium and potassium were
found between participants with hypertension or disease history

and healthy peers, except for sodium intake that was lower in
patients with a history of MI (2680 ± 1019 mg vs. 3471 ± 1242 mg,

p = 0.010) compared to their counterparts.

Dolmatova EV,
2018 [24] USA

n = 13,033 with self
-reported hypertension

(6910 men)
mean age = 60 ± 14 years

Sodium 24-h recall
questionnaire

History of MI, HF,
stroke

BP
Age

In univariate analysis lower sodium consumption was found
among adults with a history of MI, HF, and stroke (p < 0.001) but
the difference did not remain significant after adjustment for age.
Higher SBP and lower DBP were associated with higher sodium
in univariate analysis, but the difference was no longer significant

after adjustment for age.

Iida, 2019 [32] Japan
n = 288 (116 men)

mean age
= 79.7 ± 4.2 years

Salt (NaCl) Spot urine samples BP

Age, sex, height, body weight,
smoking status, PA, comorbidity
(cardiovascular, cerebrovascular,

and renal diseases), diabetes
mellitus, dyslipidemia, alcohol

intake, and medication
(antihypertensive agents

and diuretics)

A one-unit higher value in estimated salt intake (per g/d) was
associated with a higher SBP (adjusted difference: 1.73 mmHg,
95% CI 0.71 to 2.76 mmHg). One SD higher value in estimated

salt intake (per g/d) was also associated with a higher SBP
(adjusted difference: 4.13 mmHg, 95% CI 1.69 to 6.57 mmHg).

A one-unit or SD higher values in estimated salt intake (per g/d)
were not associated with higher DPB.

Kyung Kim,
2019 [33] Korea

n = 217 (94 men)
median age = 60

(IQR: 57-63)

Sodium
Potassium
Sodium to
potassium

ratio

24-hour urine
excretion

24-hour
ambulatory BP

Age, gender, BMI, smoking,
and use of antihypertensive

medications

Nighttime blood pressure linearly increased with 24-h urine
sodium (SBP: β = 0.1706, 95% CI 0.0361–0.3052; DBP: β = 0.1440,

95% CI 0.0117–0.2763) and the sodium to potassium ratio
(SBP: β = 0.1415, 95% CI 0.0127–0.2703; DBP: β = 0.1441 95% CI
0.0181–0.2700). The 24-h BP was linearly increased with sodium

to potassium ratio (SBP: β = 0.1325, 95% CI 0.0031–0.2620;
DBP: β = 0.1234 95% CI 0.0025–0.2444).

Non-linear associations were found between daytime blood
pressure (SBP and DBP), 24-hour SBP and sodium (p < 0.05).

Koca TT,
2019 [23] Turkey

n = 82 (50 patients with
stroke (28 men) and
32 controls (13 men))

mean age stroke group =
65.9 ± 14.6 years

mean age contro groupl =
60.9 ± 14.1 years

Sodium
Potassium
Sodium-to-
potassium

ratio

Spot urine samples Stroke None

Urinary sodium to potassium ratio was not significantly different
between stroke and control groups. Urinary potassium, sodium,
and sodium to potassium ratio excretion was significantly lower

in male patients with stroke compared to healthy male
(p < 0.05 for all).

BP, blood pressure; BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; HF, heart failure; MI, myocardial infarction; PA, physical activity; SD, standard deviation;
SBP, systolic blood pressure; USA, United States of America; IQR, interquartile range.
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Table 2. Characteristics of included longitudinal studies in systematic review of dietary sodium, potassium, sodium-to-potassium ratio, and cardiovascular disease.

Author,
Year Country Participants

Characteristics
Study

Design
Follow-Up

(Years) Exposure
Sodium/Potassium

Intake
Assessment

Outcome Measures Covariates Main Findings

Kalogeropoulos
AP, 2015 [26] USA

n = 2642 (1290 men) Prospective
cohort

10
Sodium (as continuous
variable and categorical
variable into 3 groups:
<1500 mg/d; 1500–2300

mg/d; >2300 mg/d)

Food
frequency

questionnaire
(at the year

2 visit)

Incident CVD (ncases = 572)
(i.e., coronary heart disease

(MI, angina, or coronary
revascularization),

cerebrovascular disease (stroke,
transient ischemic attack, or

symptomatic carotid
artery disease),

peripheral arterial disease

Age, sex, race, baseline
hypertensive status, BMI,

smoking status, PA, prevalent
CVD (for HF events),

pulmonary disease, diabetes
mellitus, depression, BP, heart

rate, electrocardiogram
abnormalities, and serum

glucose, albumin, creatinine,
and cholesterol levels

Ten-year incident CVD, or incident HF, were
not associated with sodium intake.

mean age = 73.6 ±
2.9 years Incident HF (ncases = 398)

Saulnier PJ,
2017 [22] France

n = 1439 types 2
diabetes patients

(835 men)
Prospective

cohort
Median = 5.7
(IQR: 3.1–8.8)

Sodium (as continuous
variable and categorical

variable into tertiles: low,
<69 mmol/L; intermediate,

69–103 mmol/L; high,
>103 mmol/L)

Potassium (as categorical
variable into tertiles—

not specified)

Spot urinary
sample

Cardiovascular death
(ncases = 268)

Age, sex, urinary sodium and
potassium, urine to plasma

creatine ratio, estimated 24 h
sodium excretion, BMI, history
of urinary albumin to creatine
concentration ratio, N-terminal
pro-brain natriuretic peptide

It was found significant relationships between
cardiovascular mortality, and sodium and

potassium tertiles (Log-rank p < 0.001), with
patients in the lower tertiles having the highest

mortality.
For each 1-SD increase of urinary sodium

concentration in the adjusted model,
cardiovascular mortality was 24% lower (HR:

0.76, 95% CI: 0.66–0.88).mean age = 65.3 ±
10.7 years

Willey J,
2017 [27] USA

n = 2496 (902 men)
Prospective

cohort
Mean = 12 ± 5

Sodium to potassium ratio

Food
frequency

questionnaire
(at baseline)

Incident stroke (ncases = 268)

Age, sex, high-school
completion, race ethnicity, total

calories, Mediterranean diet
score, moderate alcohol use,

moderate heavy physical
activity, smoking, estimated

glomerular filtration rate, body
mass index, hypertension,

hypercholesterolemia, diabetes
mellitus, sodium consumption

In adjusted models, a higher sodium:potassium
ratio was associated with increased risk for

stroke (HR: 1.6, 95% CI: 1.19–2.14) and ischemic
stroke (HR: 1.58, 95% CI: 1.20–2.06).

mean age= 68.7 ±
10 years

(55% Hispanic)

Incident ischemic stroke
(ncases = 227)

Marginally positive association was observed
for potassium intake and stroke among those

with <2300 mg sodium/d and an inverse
association was observed for potassium intake

among those with ≥2300 mg sodium/d.
Potassium (as continuous
variables and quartiles)

Lelli D, 2018
[29]

Italy n = 920 (415 men) Prospective
cohort

9 Sodium
24-hour
urinary

excretion

Incident cardiovascular events
(ncases = 169)

Age, sex, education, estimated
creatinine clearance, SBP,

cigarette smoking,
hypertension, diabetes, BMI,
caloric intake/body weight,

antihypertensive drugs,
and diuretics

An association was found between 24-hour
sodium excretion and cardiovascular disease

(RR 0.95; 95% CI 0.90–1), which did not remain
after adjustment for confounders (RR: 0.96, 95%

CI: 0.90–1.02).

mean age =
74.5 ± 6.99 years

(i.e., angina pectoris,
myocardial infarction, heart

failure, and stroke)
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Table 2. Cont.

Author,
Year Country Participants

Characteristics
Study

Design
Follow-Up

(Years) Exposure
Sodium/Potassium

Intake
Assessment

Outcome Measures Covariates Main Findings

Howard G,
2018 [28] USA

n = 6897 (3125 men;
1807 black participants)Prospective

cohort
9.4 Sodium to potassium ratio

Food frequency
questionnaire (at

baseline)

Incident hypertension (ncases =
836 (298 men) for black and

1679 (837 men) for white
participants)

Age, race, and baseline systolic
blood pressure for the risk

factor of incident hypertension

Among men, the sodium to potassium ratio
was associated with incident hypertension

(OR: 1.11, 95% CI: 1.01 to 1.20; incidence
proportion at 25th percentile, 32.9%, 95% CI:
30.4% to 35.5% and the 75th percentile, 35.8%,

95% CI: 33.5% to 38.2%; absolute risk
difference between black and white

participants, 2.9%, 95% CI: 0.4% to 5.5%).
Among black men, the ratio of sodium to

potassium accounted for 12.3% (95% CI: 1.1%
to 22.8%) of the excess risk of hypertension.

mean age =
62 ± 8 years

Among women, the sodium to potassium
ratio was associated with incident

hypertension (OR: 1.13, 95% CI: 1.04 to 1.22;
incidence proportion at 25th percentile, 31.1%,
95% CI: 29.1% to 33.5% and the 75th percentile,
34.5%, 95% CI: 32.2% to 36.8%; absolute risk

difference between black and white
participants, 3.3%, 95% CI: 1.1% to 5.5%).

Higher dietary ratio of sodium to potassium
accounted for 6.8% (95% CI: 1.6% to 11.9%) of
the risk of hypertension among black women.

Averill MM,
2019,

USA [30]

n = 6705 (3160 men)

Prospective
cohort

11.7 (±2.2) Sodium to potassium ratio
Spot urine
samples (at

baseline)

Incident CVD (ncases = 781)
(MI, definite angina, stroke,

transient ischemic attack,
coronary heart disease death)

Age, sex, race, diabetes
mellitus, smoking (current and

former), total cholesterol,
high-density lipoprotein

cholesterol, treated
hypertension, education, SBP,

DBP, urine creatinine, hip
circumference, BMI, aspirin

use, intentional exercise,
glomerular filtration rate,

dietary energy intake,
maximum of common carotid
artery intimal medial thickness,
and IL-6 (interleukin 6) levels

After adjustment, only sodium-to-potassium
ratio >1 was associated with the risk of stroke

(HR: 1.47, 95% CI: 1.07–2.00).
mean age=
61.2 ± 10.2

Incident coronary heart disease
(ncases = 530) (MI and angina)

Incident HF (ncases = 274)
Incident peripheral vascular

disease (ncases = 104)
Incident stroke (ncases = 236)

SBP

BP, blood pressure; BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; DBP, diastolic blood pressure; HF, heart failure; HR, Hazard ration; MI, myocardial
infarction; PA, physical activity; SD, standard deviation; SBP, systolic blood pressure; USA, United States of America; IQR, interquartile range; OR, odds ratio; RR, relative risk.
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Table 3. Characteristics of included trials in systematic review of dietary sodium, potassium, sodium-to-potassium ratio, and cardiovascular disease.

Author,
Year Country Participants

Characteristics Follow-Up Study Design Intervention Details Outcome
Measures Main Findings

Gijsbers L,
2015 [25]

The
Netherlands

n = 36 untreated
(pre)hypertensive

(24 men)
mean age = 65.8

years

4 weeks

Randomized,
double-blind,

placebo-controlled
crossover

After a 1-week run-in
period, subjects were

randomly allocated to 3
times in one of the

treatments: sodium
supplementation (3 g/day,
equals 7.6 g/day of salt),

potassium
supplementation (3 g/day)

or placebo.

Fasting office BP
24-h ambulatory

BP

During sodium
supplementation, office and

24h-ambulatory were
significantly increased to ~ 8

mmHg and ~4 mmHg,
respectively.

During potassium
supplementation, 24-h

ambulatory SBP and DBP was
significantly reduced by ~4

mmHg and ~2 mmHg,
respectively.

BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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From the 12 included studies, the majority are prospective studies (n = 6) [22,26–30] and
cross-sectional studies (n = 5) [23,24,31–33], and only one was an experimental study [25]. Most of
the studies had as exposure variable sodium-to-potassium ratio (n = 5) [23,27,28,30,33] and both
potassium and sodium intake (n = 5) [22,23,25,31,33]. Of the 11 observational studies included,
the exposure variable was assessed by self-reported questionnaires (n = 5) [24,26–28,31], spot urine
(n = 4) [22,23,30,32], and 24-h urinary excretion (n = 2) [29,33]. Regarding outcome, most of the
studies analyzed cardiovascular events (n = 9) [22,23,26–31], three BP [25,32], and one both [24,33].
Outcome assessment were derived from medical records [22,26,27,29,31], death certificates [13,22,28],
BP monitors [24,25,28,32,33], and self-reported data [24,30]. One study not reported how outcome
variable (i.e., stroke) was assessed [23].

3.2. Quality Assessment

For the 12 selected studies, the overall risk of bias was rated high for four studies [23,24,31,32],
unclear for three studies [20,25,30] and low for five studies [22,26–29] (Figure 2). The randomized
controlled trial included [25] has low risk of bias in the “randomization process errors”,
“missing outcome data” and “systematic errors in measurement of the outcome” domains of the
quality assessment. However, the “deviations from the intended interventions” domain was rated
unclear because this is a cross-over trial and does not include a washout period between the treatments
as a mean of reducing the carry-over effect. The “selection of the reported result” domain was
also rated unclear mainly due to the impossibility to access the baseline differences for all outcome
variables in the randomized groups at the start of the cross-over trial. For the 11 observational studies
included, the “selection of participants” was judged as low risk of bias, except for four studies due
to retrospective data collection and unclear disease diagnosis assessment [31], generation of patients
definition by self-report [24], unclear confirmation of excluded patients from control group [32] and
insufficient data to prove that case and control group are from a comparable population group [23].
The “confounding variables” domain was only judged as high risk of bias in three studies [23,24,31],
mainly due to the fact that major confounding variables (age, gender, body mass index, smoking, alcohol
consumption, and race/ethnic group) were not considered. In relation to “incomplete outcome data”
domain, two studies was judged unclear risk of bias [20,30], because it is uncertain whether the
incomplete outcome data could affect the study outcome or not present data about differences between
included and excluded subjects. Finally, the “measurement of exposure” domain was considered as
low risk if sodium and/or potassium intake was estimated by 24-hour urinary collection considered the
“gold standard” method [20,29], other studies estimates these variables by spot urines, dietary recall or
food records and these methods may underestimate sodium consumption and/or do not consider the
salt used in food preparations [34–37].
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3.3. Sodium Intake

A total of nine studies analyzed sodium intake, which five are cross-sectional studies [23,24,31–33],
three are prospective studies [22,26,29] and one is an experimental study [25]. Kyung Kim et al. [33]
evaluated the dose-response association of 24-h urine sodium excretion and 24-h ambulatory blood
pressure among community-based participants and found that nighttime BP linearly increased
with 24-h urine sodium; however, daytime BP and 24-hour systolic BP (SBP) showed a significant
non-linear relationship with sodium excretion. Iida et al. [32] explored the association of salt intake
(NaCl) with BP and showed that estimated salt intake (per g/day) (per one-unit mean or standard
deviation-SD) was associated with higher SBP, but not with diastolic BP (DBP). In the other hand,
in another cross-sectional study [24] in adjusted models no association were found between sodium
consumption and cardiovascular events history and higher BP. Furthermore, cross-sectional studies of
Guligowska et al. [31] and Koca et al. [23] found that sodium was lower in patients with myocardial
infarction and stroke compared to their counterparts, respectively.

From prospective cohort studies, two reported no significant association with cardiovascular
events as the result of higher sodium intake [26,29] and one reported increased risk of cardiovascular
death as the result of lower urinary sodium concentration [22]. Saulnier et al. [22] evaluated the
relationship between spot urine sodium concentration and mortality and cardiovascular death among
type 2 diabetes patients and reported that an increase of one SD was associated with a decrease of 22%
of cardiovascular death.

Gijsberg et al. [25] conducted a randomized, placebo-controlled crossover study of 36 untreated
pre-hypertensive adults who were randomly assigned to three times in one of the following three groups:
sodium supplementation (3 g/day, equals 7.6 g/day of salt), potassium supplementation (3 g/day) or placebo.
Three times consecutive intervention periods of four weeks, without washout, were conducted for each
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of these groups. During sodium supplementation, office and 24 h-ambulatory SBP and DPB were
significantly increased to ~8 mmHg and ~3 mmHg compared to placebo period, respectively.

3.4. Potassium Intake

Potassium intake was explored in three cross-sectional studies [23,31,33], two prospective
studies [22,27] and one experimental study [25]. Among cross-sectional studies, two studies did
not find significant results between potassium intake and cardiovascular events [31] or BP [33].
Koca et al. [23] showed that urinary potassium excretion was significantly lower in male patients with
stroke compared to healthy counterparts. Willey et al. [27] explored data from the Northern Manhattan
Study (NOMAS) and stratified results according to sodium intake. Among those with sodium intake
<2300mg/d there was a positive association between potassium intake, total, and ischemic stroke,
whereas among those with sodium intake ≥2300 mg/d a marginally inverse association was observed
between potassium intake and stroke. Potassium intake was not the main outcome in the other
prospective study [22]; however, lower tertiles of urinary potassium concentration was associated
with higher cardiovascular mortality. In the experimental study, Gijsberg et al. [25] found during
the potassium supplementation that 24-h ambulatory SBP and DBP were significantly reduced by
~4 mmHg and ~2 mmHg, respectively.

3.5. Sodium-to-Potassium Ratio

Most of the studies that explored sodium-to-potassium ratio are prospective studies [27,28,30]
and two are cross-sectional studies [20,23]. All of the prospective studies reported increased risk
of cardiovascular events as the result of higher sodium-to-potassium ratio. Data from Multi-Ethnic
Study of Atherosclerosis (MESA) conducted among 6814 adults from different ethnic groups found in
full-adjusted model that a sodium-to-potassium ratio higher than one was associated with the risk of
stroke [30]. Likewise, Wiley et al. [27] reported a higher sodium-to-potassium ratio was associated
with a greater risk of ischemic and total stroke. Howard et al. [28] conducted a longitudinal cohort
study among adults’ aged 45 years or older and explored results according to sex and black and white
participants. Among men and women, the sodium to potassium ratio was associated with incident
hypertension. Additionally, among black men and women the ratio of sodium to potassium accounted
for 12.3% and 6.8% of the excess risk of hypertension, respectively. Kyung Kim et al. [33] also found a
cross-sectional linear association between nighttime BP and 24-hour BP with sodium-to-potassium ratio.
Urinary sodium-to-potassium ratio was not significantly different between stroke and control groups
in Koca et al.’s study [23].

4. Discussion

The present review provides summarized evidence on the association between sodium and
potassium intake with CVD and hypertension among older people. We identified five non-randomized
trials with low bias risk and one randomized controlled trial with uncertain risk of bias that assessed the
impact of sodium, potassium, and sodium-to-potassium ratio on CVD. We found inconsistent results
that supports the recommendation to reduce sodium intake in this population, however we found
strong evidence to support the increase of potassium intake and the decrease of sodium-to-potassium
ratio in reducing the risk of hypertension and CVD, particularly stroke.

In the analysis of sodium intake, our findings shown a lack of evidence of an effect of dietary
sodium reduction on cardiovascular events and mortality that is in accordance with other authors [38].
Two included studies with low risk of bias shows that dietary sodium intake was not associated
with incident of CVD or heart failure [26,29], one study indicate that low sodium intake increased
the risk of CVD and mortality [22] and the other related increased BP with increasing sodium
intake [25]. This non-linear association between sodium excretion and mortality was already described,
suggesting a J-shaped association between sodium intake and cardiovascular events recommending
a moderate sodium intake in the general population (3–5 g/d), with targeting the lower end of the
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moderate range among those with hypertension [39]. Saulnier et al. [22] found that low urinary
sodium was associated with an increased risk of CVD and mortality in type 2 diabetes older persons
and Lelli et al. [29] found similar association with mortality but not with CVD in frail participants.
Diabetes and frailty are two prevalent conditions in older persons, and both have a recognized
influence on studied outcomes. The low sodium excretion maybe due to insulin therapy, because
the antinatriuretic effect of insulin may contribute to the relationship between insulin resistance and
hypertension, the authors also raises the question if kidneys ability to excrete sodium and urine
is implicated in the occurrence of fatal cardiovascular diseases [22]. The activation of sympathetic
nervous system and the renin–angiotensin–aldosterone system, implicated in the regulation of sodium
and volemia, are stimulated in frail persons, which may lead to increased risk for cardiovascular
events [29,40]. Another mechanism that could explain the association of the risk of mortality and
low sodium intake in frail persons is the lower caloric intake and malnutrition compromising cellular
metabolism and several biological processes [41]. Discrepant findings in studies can be also attributable
to differences in ranges of sodium intake, study populations and methods of sodium assessments.
Some of the included studies uses food frequency questionnaire to estimates sodium intake leading
to an underestimation of sodium intake and of an attenuated association between sodium and the
outcome [36]. Furthermore, another study used one single spot urine without consideration to the
circadian pattern of sodium excretion [42]. Although spot urine and dietary questionnaires may
provide useful population sodium estimates, they are poor predictors at individual level [36]. Finally,
older adults are inherently at higher risk for CVD and mean sodium intake are lower, mainly due to
lower caloric intake; therefore; the effect of high sodium might have been more difficult to ascertain [43].
Although our inconsistent results for the dietary sodium effect on CVD among older people, a large
body of evidence showed a favorable effect of low salt consumption on CVD, organ damage, and blood
pressure and support the public health recommendation that adult population likely benefit from
reducing sodium intake [44–47].

Regarding potassium intake analysis, increase potassium intake seems to be protective to CVD,
likewise other meta-analyses verified similar findings [48,49]. Moreover, those persons with high
sodium consumption could achieve great benefit with increased intake of potassium-rich foods to lower
stroke risk [27,50]. In the other hand, the relationship between dietary potassium and BP seems to be not
linear but U-shaped with stronger lowering-BP effect among those with high sodium intake as reported
in a recent meta-analysis of randomized clinical trial [15], providing important insight about the
combined effect of sodium and potassium intake. The combined association of sodium and potassium
was explored as sodium-to-potassium ratio in five of the 12 included studies suggesting an increased
risk of CVD and BP with higher sodium-to-potassium ratio. Likewise, it has been suggested that the
sodium-to-potassium ratio is more strongly associated with BP than either sodium or potassium alone,
being considered a superior metric in the evaluation of BP and incident hypertension [51]. Sodium and
potassium are significant regulators of BP. Dependent of pre-exiting electrolyte balance, particularly
sodium, reduced potassium intake leads to sodium retention, down regulation of vascular sensitivity
to catecholamines, stimulated renin activity and worsening endothelial function [52].

Such as previous systematic reviews of dietary interventions, we observed marked heterogeneity across
studies in terms of their population, sample size, methods, and follow-up. Regarding observational studies,
few studies included covariates as controlled or well-characterized diet (influences of alcohol,
coffee, salt addition in cooking, and DASH scores), dietary supplementation, or physical activity
characterization that may influence the association between dietary sodium, potassium, and CVD.
Additionally, other potentially important confounders or effect modifiers mediating factors [28] were
not taken in consideration such as gender, education level/socioeconomic status, body mass index,
waist circumference or stress. Race was also considered only in few studies [26–28,30], all from USA.

Our review has several strengths, including the most up-to-date synthesis of evidence on this topic
and focus on older persons. We conducted the review according to guidance from the PRISMA statement.
The main limitation of this review is that relevant studies may have been missed since we used only
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two databases for literature search. However, the PubMed and Web of Science have been used broadly
as primary databases in review on nutrition area. Additionally, searching in multiple databases may
cover more primary studies than using a single database [53]. Moreover, the inclusion of observational
studies do not allow drawing any conclusions related to cause and effect.

Our findings suggests that salt reduction advice in older persons should take in consideration
the previous characterization of usual level of consumption, for example by sodium excretion in
24-h urinary samples, in order to recommends reduction to ones that ingest more than 2000 mg/d.
This population could benefit with increased potassium-rich foods in daily diet in order to optimize
sodium-to-potassium ratio. Frailty, diabetes, ethnicity, and literacy could have an important role in the
mediation of these outcomes.

5. Conclusions

The present review suggests that both higher potassium and lower sodium-to-potassium ratio
are associated with lower risk of CVD. In contrast, our findings show a lack of evidence of dietary
sodium reduction affecting CVD, however, considering the quality of the included studies these results
should be interpreted with caution. To strengthen the study of these relationships further rigorous,
large long-term, and randomized controlled trials are necessary.
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23. Koca, T.T.; Tugan, C.B.; Seyithanoglu, M.; Koçyiğit, B.F. The Clinical Importance of the Plasma Atherogenic
Index, Other Lipid Indexes, and Urinary Sodium and Potassium Excretion in Patients with Stroke.
Eurasian J. Med. 2019, 51, 171–175. [CrossRef] [PubMed]

24. Dolmatova, E.V.; Moazzami, K.; Bansilal, S. Dietary sodium intake among US adults with hypertension,
1999–2012. J. Hypertens. 2018, 36, 237–242. [CrossRef]

25. Gijsbers, L.; Dower, J.I.; Mensink, M.; Siebelink, E.; Bakker, S.J.L.; Geleijnse, J.M. Effects of sodium and
potassium supplementation on blood pressure and arterial stiffness: A fully controlled dietary intervention study.
J. Hum. Hypertens. 2015, 29, 592–598. [CrossRef]

26. Kalogeropoulos, A.P.; Georgiopoulou, V.V.; Murphy, R.A.; Newman, A.B.; Bauer, D.C.; Harris, T.B.; Yang, Z.;
Applegate, W.B.; Kritchevsky, S.B. Dietary sodium content, mortality, and risk for cardiovascular events
in older adults: The Health, Aging, and Body Composition (Health ABC) Study. JAMA Intern. Med. 2015,
175, 410–419. [CrossRef]

27. Willey, J.; Gardener, H.; Cespedes, S.; Cheung, Y.K.; Sacco, R.L.; Elkind, M.S. Dietary Sodium to Potassium
Ratio and Risk of Stroke in a Multiethnic Urban Population: The Northern Manhattan Study. Stroke 2017,
48, 2979–2983. [CrossRef]

28. Howard, G.; Cushman, M.; Moy, C.S.; Oparil, S.; Muntner, P.; Lackland, D.T.; Manly, J.J.; Flaherty, M.L.;
Judd, S.E.; Wadley, V.G.; et al. Association of Clinical and Social Factors With Excess Hypertension Risk in
Black Compared With White US Adults. JAMA 2018, 320, 1338–1348. [CrossRef]

http://dx.doi.org/10.1093/eurheartj/ehy339
http://dx.doi.org/10.1093/ije/dyw319
http://dx.doi.org/10.1016/j.pcad.2009.12.006
http://dx.doi.org/10.1136/bmj.l772
http://dx.doi.org/10.1016/j.clnu.2018.05.017
http://www.ncbi.nlm.nih.gov/pubmed/29907351
http://dx.doi.org/10.1161/JAHA.119.015719
http://www.ncbi.nlm.nih.gov/pubmed/32500831
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://dx.doi.org/10.1016/j.jclinepi.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23337781
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
http://dx.doi.org/10.1155/2017/5327352
http://www.ncbi.nlm.nih.gov/pubmed/28255559
http://dx.doi.org/10.5152/eurasianjmed.2019.18350
http://www.ncbi.nlm.nih.gov/pubmed/31258359
http://dx.doi.org/10.1097/HJH.0000000000001558
http://dx.doi.org/10.1038/jhh.2015.3
http://dx.doi.org/10.1001/jamainternmed.2014.6278
http://dx.doi.org/10.1161/STROKEAHA.117.017963
http://dx.doi.org/10.1001/jama.2018.13467


Nutrients 2020, 12, 3447 15 of 16

29. Lelli, D.; Antonelli-Incalzi, R.; Bandinelli, S.; Ferrucci, L.; Pedone, C. Association between Sodium Excretion
and Cardiovascular Disease and Mortality in the Elderly: A Cohort Study. J. Am. Med. Dir. Assoc. 2018,
19, 229–234. [CrossRef]

30. Averill, M.M.; Young, R.L.; Frazier-Wood, A.C.; Kurlak, E.O.; Kramer, H.; Steffen, L.M.; McClelland, R.L.;
Delaney, J.A.; Drewnowski, A. Spot Urine Sodium-to-Potassium Ratio Is a Predictor of Stroke. Stroke 2019,
50, 321–327. [CrossRef] [PubMed]
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