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Studies identified from an updated systematic review (from
June 2014 to May 2015) on the impact of dietary salt intake
on clinical and population health are reviewed. Randomized
controlled trials, cohort studies, and meta-analyses of these
study types on the effect of sodium intake on blood pressure,
or any substantive adverse health outcomes were identified
from MEDLINE searches and quality indicators were used to
select studies that were relevant to clinical and public health.
From 6920 studies identified in the literature search, 144
studies were selected for review, of which only three

(n=233,680) met inclusion criteria. Between them, the three
studies demonstrated a harmful association between excess
dietary salt and all-cause mortality, noncardiovascular and
cardiovascular disease mortality, and headache. None of the
included studies found harm from lowering dietary salt. The
findings of this systematic review are consistent with the
large body of research supportive of efforts to reduce
population salt intake and congruent with our last annual
review from June 2013 to May 2014. J Clin Hypertens
(Greenwich). 2016;18:832–839. ª 2016 Wiley Periodicals, Inc.

Habitual excess salt consumption is a well-established
determinant of increased blood pressure (BP),1 which in
2010 caused approximately 19% of all global deaths.2

In addition to the adverse effects of salt on BP and
vascular risk, a range of other serious health problems
are also implicated including gastric cancer and osteo-
porosis.3 On the basis of the evidence linking salt, BP,
and vascular risk, the World Health Organization
(WHO) recommends that all member states implement
a salt reduction program. A 30% lowering in mean
population salt intake by 2025 has been included as one
of the targets of the “25 by 25” World Health
Assembly/WHO initiative for the control of noncom-
municable diseases.4

BACKGROUND
While there are many comprehensive reviews on the
adverse effects associated with excess salt intake and
the likely positive impact of salt reduction, there are
several studies that still challenge the benefits of
reducing dietary salt.5–7 Several international health
and scientific organizations have expressed concerns
that low-quality research (including studies with inad-
equate statistical power, observational studies prone to
confounding, and reverse causality) and financial

conflicts of interest are sources of controversy associ-
ated with reducing dietary salt.8 In addition, there are
approximately 100 publications per week identified by
regularly updated MEDLINE searches.9 Hence, there
is a critical need to continually update the evidence
base and ensure that new studies are assessed for
quality to track developments in the science of salt to
effectively inform clinical and public health interven-
tions. This annual review uses quality filters to exclude
low-quality research and updates a previous annual
review.9 Future reviews will be replaced by a more
regularly updated review published every few
months.10

AIMS
The aim of this review is to provide an update to the
June 2013 to May 2014 annual review of recent
evidence on the impact of dietary salt on
public health using the Science of Salt search
methodology.10

METHODS

Search Strategy and Selection Criteria
The existing automated search strategy (Table I) estab-
lished for the weekly Science of Salt eNewsletter
publication was used (www.hypertensiontalk.com/
science-of-salt-weekly). MEDLINE (Ovid) searches are
conducted weekly to identify studies on dietary sodium
according to various predefined quality criteria. The
criteria were adapted from the systematic reviews
conducted to develop WHO dietary salt recommenda-
tions. For the current review, studies were included from
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searches conducted between June 3, 2014, and May 26,
2015.

Inclusion/Exclusion Criteria
Any randomized controlled trials (RCTs) or cohort
studies in nonacutely ill adults that examined sodium
intake (excluding studies with participants who had
type II diabetes, chronic kidney disease, or chronic heart
failure) and were published in English were included.

Specifically, RCTs evaluating the association between
sodium intake and BP were included if the following
criteria were met: there was a minimum intervention
period of 4 weeks, the intervention was composed of at
least one group receiving decreased sodium intake
compared with a control group, there was a difference
of at least 2.3 g of salt (sodium 920 mg) per day
between the intervention and the control groups, and
sodium intake was measured by 24-hour urinary excre-
tion. RCTs were excluded if additional cointerventions
were part of the study (including nondrug interventions,
antihypertensives, or other drugs), thus preventing the
independent assessment of the effects of reducing
dietary salt. Cohort studies and RCTs evaluating the
association between sodium intake and any health
outcome were included if they were prospective in
design, lasted at least 1 year, and measured sodium
intake for at least 24 hours. Substantive adverse health
outcomes of interest were all-cause mortality, cardio-
vascular disease (CVD), stroke, coronary heart disease,
kidney disease, and cancer. Other health outcomes, such
as headache, renal stones, and obesity, as well as
surrogate markers including endothelium-dependent
dilation, urinary marinobufagenin excretion, aortic
pulse wave velocity, plasma, and urinary nitrate/nitrite
were assessed. See Table II for the rationale of criteria
for inclusion and exclusion of studies.

Data Extraction and Quality Assessment
Two reviewers (CJ and TSR) independently evaluated
and excluded articles at the title/abstract review stage.
Full-text articles whose abstracts met the inclusion
criteria were then reviewed. An Excel data extraction

TABLE I. Weekly MEDLINE (Ovid) Search Strategy
Years: 1946–Present

Step Search

1 Exp Sodium Glutamate

2 (Monosodium glutamate or msg).tw.

3 (Salt or sodium).tw.

4 1 or 2 or 3

5 Exp Diet

6 (Diet* or food or intake).tw.

7 5 or 6

8 4 and 7

9 Exp Sodium, Dietary

10 Exp Diet, Sodium-Restricted

11 8 or 9 or 10

12 Limit 11 to English language

13 Limit 12 to yr=“2013–Current”

14 Limit 13 to humans

The Science of Salt Weekly MEDLINE (Ovid) Search Strategy is a

modified version of the search strategy developed by a Cochrane

librarian to support the development of the Canadian Hypertension

Education Program recommendations regarding dietary sodium.

TABLE II. Rationale for Selection Criteria (Inclusion/Exclusion)

Inclusion/Exclusion Criteria Rationale

Randomized controlled trials (RCTs; blood pressure [BP]–lowering minimum standards)

Achieved an intake difference of ≥920 mg

sodium/2.3 g salt between intervention and

control

Established by World Health Organization (WHO) Nutrition Guidance Expert Advisory Group

Subgroup on Diet and Health as criteria for the WHO guideline on sodium intake to ensure

that there is a substantive difference in intervention groups. The Global Burden of Disease

Study uses 460 mg sodium/1.15 g salt as a surrogate for adequate statistical power to

assess effectiveness of the intervention.

Duration of ≥4 weeks An estimated minimum period required to observe maximum BP-lowering effect of reduced

dietary salt.47

No additional co-interventions (non-drug,

antihypertensives, other drug)

Required for the independent assessment of the effects of reducing dietary salt.

Sodium intake measured by 24-hour urinary

excretion

Minimum standard for sodium intake assessment in an individual, accurate assessment

requires multiple days of 24-hour urinary sodium measurements.18

Cohort and RCT studies for other health outcomes

Prospective design Assessment of outcomes relating to dietary salt intake require methodologically robust study

design that sets out to measure the association, ie, retrospective designs generally used to

generate a hypothesis.

Duration of ≥1 year A minimum period for many health events to occur and to achieve adequate statistical power

to detect a change in an outcome of interest, eg, stroke and cardiovascular disease. Other

outcomes such as renal failure and cancer may require substantially longer observation

periods (ie, decades).

Sodium intake measured for 24 hours Minimum standard for sodium intake assessment in an individual, accurate assessment

requires multiple days of 24-hour urinary sodium measurements.
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template was developed, tested, and then refined. This
was used to populate data from articles that met the
final inclusion criteria. For the RCT, methodological
quality was assessed using the Cochrane risk of bias
(ROB) assessment tool. The Cochrane ROB was mod-
ified with components of the National Heart, Lung, and
Blood Institute Quality Assessment Tool for the assess-
ment of the cohort study,11 and the AMSTAR tool12

was used to assess the quality of the systematic review.
Discrepancies in article inclusion, data extraction, and
bias assessment were solved by team consensus.

RESULTS
A total of 6920 studies were identified, of which 144
were selected for full review (Figure). Of these, 141 were
excluded for the following reasons: 128 studies were
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MEDLINE search
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(n=515)

Records excluded 
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Unhealthy popula�ons  (n=4)
Cohort (not hard outcome) (n=8)
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FIGURE. Included/excluded studies.
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cross-sectional or other excluded designs. One meta-
analysis13 and two RCTs were excluded because they
included chronically ill populations: one involving
patients with chronic disease (who also had hyperten-
sion) and one involving patients with chronic kidney
disease (who were nondiabetic with hypertension).14,15

Eight cohort studies did not investigate an outcome of
interest for this review: one measured demographic
determinants of subgroups with high sodium intake,16

one measured adherence to recommendations,17 one
cohort study included unhealthy participants and did
not investigate an outcome of interest,18 and six studies
included unhealthy populations including those with
kidney disease, high cardiovascular disease risk, type 1
and 2 diabetes, and multiple sclerosis.19–24 In addition,
two RCTs were excluded: one was an implementation
trial that did not investigate BP or a health outcome25

and one study intervention was less than 4 weeks’
duration.26 See Figure for details on excluded studies.
In all, three studies were included in the final review,

as summarized in Table III (the ROB table is shown in
Appendix S1). They include one RCT on the occurrence
and severity of headache27; one cohort study on
substantive patient outcomes including all-cause mor-
tality, CVD, and/or mortality28; and one systematic
review and meta-analysis on CVD mortality.29 The
included RCT and cohort studies were conducted in the
United States and the meta-analysis included studies
from Japan, the United States, Belgium, Scotland, the
Netherlands, and Finland.

Substantive Adverse Health Outcomes
One cohort study and one systematic review and meta-
analysis of cohort studies examined the relationship
between salt intake and adverse health outcomes. In a
worksite cohort study conducted in New York, Singer
and colleagues28 analyzed data from 3505 people with
hypertension, including 2243 men and 1262 women
aged 52�10 years recruited between 1978 and 1999.
The primary aim was to determine the association
between baseline sodium intake and all-cause and
cardiovascular mortality over an average 18.6-year
follow-up period. Sodium intake was assessed by a
single 24-hour urine collection during the study’s
pretreatment period during which participants were
instructed to “avoid excessively salty food.” Mean 24-
hour urinary sodium was 7.47�3.96 g salt (sodium
2988�1584 mg)/d. Participants were classified into four
quartiles based on the 24-hour urinary sodium excre-
tion: quartile 1 (Q1): 3.16�1.15 g salt (sodium
1264�460 mg)/d; quartile 2 (Q2): 5.86�0.97 g salt
(sodium 2322�388 mg)/d; quartile 3 (Q3): 8.22�1.15 g
salt (sodium 3288�460 mg)/d; and quartile 4 (Q4):
12.7�3.22 g salt (sodium 5080�1288 mg)/d. There
was no reported marker for assessment of the com-
pleteness of urine collections, but sensitivity analyses
were undertaken by excluding the top and bottom 1%
of urinary sodium values and those with creatinine not
between �35% of estimated glomerular filtration rate,

which did not substantially change the results. Unad-
justed and multivariable-adjusted Cox proportional
hazards were performed to examine the association of
sodium quartiles with mortality. There were 1013
deaths, of which 399 were from cardiovascular causes
(128 cardiovascular deaths in Q1 vs 78 in Q4). Deaths
caused by cancer (n=198) occurred in nearly half of
known causes of noncardiovascular deaths (n=394).
After adjustment, sodium intake was not significantly
associated with cardiovascular mortality (Q1 vs Q4:
hazard ratio [HR], 1.00; 95% confidence interval [CI],
0.71–1.42; P=.99), but there were fewer deaths overall
in the lower vs higher salt consumption quartile (QI vs
Q4: HR, 0.81; 95% CI, 0.66–1.00; P=.05). The
adjusted model also showed a significant association
between dietary sodium and noncardiovascular mortal-
ity (QI vs Q4: HR, 0.57; 95% CI, 0.42–0.80; P=.001).
Therefore, higher baseline sodium intake (24-hour urine
sodium) was directly associated with harm from non-
CVD and total mortality, but was not significantly
associated with any measured cardiovascular outcomes,
which may have been subject to measurement bias or
classification errors.
Poggio and colleagues29 conducted a systematic

review and meta-analysis of prospective studies repre-
senting the general population to assess whether ele-
vated dietary sodium intake is associated with
cardiovascular mortality. Authors reviewed data from
11 studies that assessed the relationship between daily
sodium intake and mortality including 229,785 partic-
ipants. There were 9346 CVD deaths after a mean
follow-up period of 13.37 years (range 5.5–19 years).
The results indicated that higher sodium intake was
associated with higher cardiovascular mortality (relative
risk [RR], 1.12; 95% CI, 1.06, 1.19). An increase in
cardiovascular mortality by 1% was seen per incremen-
tal increase of 0.57 g/d salt (230 mg/d sodium)
(P=.016). Furthermore, there was a significant positive
association between age, hypertensive status, length of
follow-up, and cardiovascular mortality. In the sensi-
tivity analyses, it was found that higher sodium intake
was significantly associated with higher cardiovascular
mortality even when studies with a strong positive
association and relative study weights were excluded
(RR, 1.08; 95% CI, 1.01–1.15). The study results are
consistent with higher sodium intake being associated
with cardiovascular mortality in the general population.

Other Health Outcome—Headache
One study assessed the relationship between salt intake
and headache.30 In that study, Amer and colleagues27

conducted a post hoc analysis of the Dietary
Approaches to Stop Hypertension (DASH)–Sodium
trial, a randomized, multicenter clinical study based in
the United States. The trial included 390 healthy adults
with systolic BPs between 120 and 159 mm Hg and
diastolic BPs between 80 and 95 mm Hg, aged 22 years
and older, with recruitment between September 1997
and November 1999. The investigators retrospectively
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analyzed the data to assess the association between the
occurrences of headache and three levels of dietary
sodium intake (ie, high [8.6 g salt, 3440 mg sodium/d],
intermediate [5.75 g salt, 2300 mg sodium/d], and low
[2.8 g salt, 1120 mg sodium/d]) and two diet patterns
(ie, the DASH diet, which is rich in fruits, vegetables,
and low-fat dairy products with reduced saturated and
total fat; and a control diet typical of Western con-
sumption patterns). Participants were randomized to
either the DASH diet group (n=208) or control group
(n=204) using a parallel-group design. During three 30-
day periods, participants consumed diets with varying
amounts of sodium (ie, high, intermediate, and low) in
random order. The occurrence and severity of head-
aches among participants were ascertained from self-
administered questionnaires completed at the end of
each 30-day period. There was a lower risk of headache
with the low, compared with the high sodium intake
exposures, and this was consistent with both the control
(OR, 0.69; 95% CI, 0.49–0.99; P=.05) and the DASH
(OR, 0.69; 95% CI, 0.49–0.98; P=.04) diets. These
findings are consistent with the hypothesis that reduced
sodium intake significantly lowers risk of headache.

DISCUSSION
This annual systematic review has added to the evidence
from our previous review of quality evidence on dietary
salt (2013–2014), which identified 11 studies that
confirmed an association between increasing dietary
salt and increased BP and several adverse health
outcomes. The three studies in our current 2014 to
2015 analysis that met our predefined quality criteria all
demonstrated an increased risk of harm associated with
higher dietary salt intake. One retrospective analysis
showed that reduced dietary salt was associated with a
lower risk of headaches, although further research is
required to confirm this hypothesis. Two studies
demonstrated associations between salt intake and
mortality. The association of salt intake to total
mortality and noncardiovascular (mostly cancer) deaths
in the Singer study is particularly important, given the
long length of follow-up. It strengthens the evidence
from previous associations of salt intake to gastric and
renal cell cancer and relates to biomedical mechanisms
of higher salt intake promoting cancer.31–34

The systematic review excluded many studies based
on failure to achieve our quality criteria. Low-quality
research methods (including short duration studies,
clinically insignificant reductions in salt intake, flawed
measurement methods such as spot urine samples to
measure long-term individual salt intake, and cohort
studies in people with disease) have resulted in contro-
versy over the impact of changing dietary salt on
health.35,36

The excluded studies reported both adverse and
beneficial health effects associated with higher dietary
salt intake. Four studies with low-quality designs and
including unhealthy participants showed an association
between increased salt intake and adverse health

outcomes and three suggested harm in people who
consumed lower salt. Notably, to this effect, Graudal
and colleagues13 published a meta-analysis of cohort
studies that included unhealthy populations who may
consume less but who are also at higher risk for death.
This means the study was predisposed to reverse
causation (they are eating less food (and hence sodium)
and more likely to die because they are sick rather than
being sick and dying because they are eating less
sodium). Consistent with this, the meta-analysis found
a U-shaped relationship between dietary salt and all-
cause mortality and cardiovascular mortality. Many of
the studies included in the meta-analysis used spot urine
samples and 24-hour dietary recalls for measuring
sodium intake. A previously reported examination of a
subanalysis of the Graudal meta-analysis identified a
number of data extraction errors and inconsistent
classification of data.10

Two papers based on data from the Prospective
Urban Rural Epidemiology (PURE) study were also
excluded from this review as they did not meet the
inclusion criteria for measuring sodium intake. The
PURE study used a single spot urine sample to estimate
individuals’ long-term salt intake. There are multiple
factors regulating short-term sodium excretion that
affect the amount of sodium in single spot urine
samples. These factors may also predict individual
cardiovascular risk and include creatinine, dietary
potassium, calcium and magnesium, renin, angiotensin,
aldosterone, sympathetic activation, and hydration37–40

The U-shaped relationship between salt intake and
death or cardiovascular events and the curvilinear
relationship between salt intake and BP that were
purportedly shown by the PURE study may have been
influenced by one or more of these factors. Likewise, the
equation used to estimate 24-hour salt intake from the
spot urine samples in the PURE study also utilized age,
sex, and creatinine values, which are well-established
confounding health risks. This means it is not appro-
priate to correlate health outcomes with salt intake
based on salt intake estimated from spot urines using
these equations. Furthermore, the validation study in
the PURE study had four errata in relating the spot urine
sodium estimates of salt intake to 24-hour urine samples
and has also been critiqued for multiple methodological
flaws. These include a very high rate of incomplete 24-
hour urine samples, lack of a relationship of PURE BP
results to high-quality BP surveys, and the potential for
reverse causality.41–43 More recently, data from the
PURE study conducted in China found a much lower
association of spot urine to 24-hour urine sodium than
the main PURE study confirming prior observations that
a single spot urine sample may be a reliable and
reproducible estimate of individual 24-hour urinary salt
intake.44

The review here used modest quality-control criteria
for including studies. Use of more rigorous criteria could
increase reliability, but very few studies would be
eligible. Accurately assessing individual salt intake
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requires several days of complete 24-hour urine collec-
tions while our criteria only required a single 24-hour
period to assess salt intake. Accurate assessment of salt
intake relies on complete collections of urine over a 24-
hour period but in many studies 24-hour urine collec-
tions are not complete.18,45 The use of adequate criteria
for assessing salt intake is important as otherwise
inaccurate classification of an individual’s salt consump-
tion level will predispose to the null hypothesis or
potentially U-shaped relationships if those who are
noncompliant with 24-hour urine collection are falsely
classified as consuming low amounts of salt.45,46 In the
Singer and colleagues28 study, high salt intake was not
associated with CVD but was associated with total
mortality; however, misclassifications of causes of death
are common and may have covered the relationship
between salt intake and cardiovascular deaths. While
these challenges will continue to be present, researchers
should endeavor to use rigorous research methods to
ensure reliable reproducible results, and granting agen-
cies and journals should be more diligent in reviewing
studies that lack rigor in their research methodology.

As in the previous iteration of this review, the fact
that only literature published within a single year is
covered is a potential limitation. In addition, cohort
studies conducted in people with chronic disease (which
are prone to reverse causation) were excluded. How-
ever, the inclusion of recent comprehensive systematic
reviews on the impact of high dietary salt on cardio-
vascular patient outcomes, BP, and some surrogate
markers in this and last year’s systematic reviews
represents much of the relevant research.

Reiterating the international concerns about low-
quality research on dietary salt, we note the very high
number of publications excluded based on failure to
achieve what are very modest quality criteria compared
with the few studies that met the criteria.8 This supports
the development of minimum research standards on
dietary salt under the auspices of an international
consortium of health and scientific organizations.

The findings of this updated systematic review of
studies that are relevant to clinical and population
efforts are in support of current recommendations to
reduce dietary salt and, specifically, the recommenda-
tions of the WHO, World Hypertension League, Inter-
national Society of Hypertension, and multiple other
international and national governmental and non-
governmental organizations.

CONCLUSIONS
This systematic review has further added to the evidence
that higher salt intake is associated with adverse health
outcomes and supports the current global targets for a
reduction in dietary salt intake.
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