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1 | INTRODUCTION

Excess salt (sodium) consumption is associated with many adverse
health effects, including hypertension and cardiovascular mortal-
ity.i’2 Based on the evidence from systematic reviews assessing
dietary sodium reduction, the World Health Organization (WHO)
recommends a sodium intake of <2 g/d (equivalent to 5 g/d of salt)
in adults, with lower amounts for children based on their energy re-
quirements relative to those of adults.>* All WHO Member States

The purpose of this review was to identify, summarize, and critically appraise studies
on dietary salt relating to health outcomes that were published from December 2015
to March 2016. The search strategy was adapted from a previous systematic review
on dietary salt and health. Overall, 13 studies were included in the review: one study
assessed cardiovascular events, nine studies assessed prevalence or incidence of
blood pressure or hypertension, one study assessed kidney disease, and two studies
assessed other health outcomes (obesity and nonalcoholic fatty liver disease). Four
studies were selected for detailed appraisal and commentary. One study met the mini-
mum methodologic criteria and found an increased risk associated with lower sodium
intake in patients with heart failure. All other studies identified in this review demon-

strated positive associations between dietary salt and adverse health outcomes.

have agreed on a target of reducing dietary sodium intake by 30%
by 2025.°

Regularly updated reviews and critical appraisals of identified stud-
ies relating to health outcomes are published in the Journal of Clinical
Hypertension, alternating with reviews of studies relating to salt reduction
implementation programs. The last review of salt and health outcomes
covered studies published between August and November 2015.° The
current review identifies and appraises the literature on salt and health
outcomes published between December 2015 and March 2016.
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2 | METHODOLOGY

A detailed description of the methodological approach used to iden-
tify and evaluate the literature in this review has been previously pub-
lished.” In summary, articles were identified on a weekly basis through
a MEDLINE search strategy.” Studies examining the effects of salt on
health outcomes, including studies of participants with any comor-
bidity (with the exception of acute illness), that were published from
December 1, 2015 to March 31, 2016, were included in this review.

All included studies were assessed for risk of bias by two inde-
pendent reviewers. Randomized controlled trials (RCTs) were assessed
using the Cochrane risk of bias tool.® Observational, nonrandomized
studies were assessed using a modified Cochrane risk of bias tool.” For
systematic reviews and meta-analyses, the c tool was applied.°

We identified the subset of included studies that met previously
established minimum methodologic criteria for clinical and popula-
tion studies on dietary salt'* (Box). Detailed appraisals and written
commentary were performed for these studies. Other studies were
then selected for detailed review based on two independent review-
ers identifying them either as potentially high impact, controversial,
or important in terms of better understanding the evidence for salt

reduction.

3 | RESULTS

Of 1892 citations identified by the search, 13 studies from eight coun-

12-22 and

tries met inclusion criteria (Figure): 11 observational studies
two meta-analyses.?>?* The primary outcomes of these 13 studies
included mortality and cardiovascular events,*? blood pressure (BP)

2% nonalcoholic

or diagnosis of hypertension,’*-2°23 kidney disease,
fatty liver disease,?* and obesity.?> Summary descriptions of the 13
included studies are listed in the Table and risk of bias assessments for
all included studies are included in Appendix S1.

Only one of the 13 studies met the minimum methodological cri-
teria for clinical and population studies on dietary salt for detailed
review: Doukky and colleagues'? performed a propensity-matched
cohort study assessing the effect of sodium intake on death and heart
failure (HF) hospitalizations. Krupp and colleagues,16 which assessed
the effect of sodium intake in adolescence on BP in young adulthood,
did not meet minimum methodologic criteria due to its observational
study design, but was selected for review because of the paucity of
studies in this population. The two meta-analyses (Wang and col-

Ieagues,23

a meta-analysis of RCTs and quasi-experimental stud-
ies assessing the effect of dietary salt reduction strategies on BP in
Chinese adults, and Liu and coIIeagues,24 a meta-analysis of observa-
tional studies assessing the association between salt intake and risk
of chronic kidney disease [CKD]) did not meet the minimum meth-
odologic criteria due to their inclusion of studies with cross-sectional
design or spot urine to estimate sodium intake, but were also selected
for detailed review because of the importance of being able to inter-

pret their contribution to the evidence base.

WILEY--2

Box: Minimum methodologic criteria for clinical and
population studies on dietary salt

1. For blood pressure outcome:

a. RCTs or systematic reviews of RCTs;

b. Minimum intervention period of 4 weeks;

c. Sodium intake intervention was composed of at least one
group receiving decreased sodium intake compared with a
control group, with difference of at least 2.3 g of salt (so-
dium 920 mg or 40 mmol) per day between the interven-
tion and the control; and

d. Sodium intake measured by 24-hour urinary excretion.

2. For all other outcomes:

a. Prospective cohort studies, RCTs, prospective cohorts, or
systematic reviews evaluating the association between so-
dium intake and any health outcome other than blood
pressure;

b. At least 1 year duration; and

c. Sodium intake measured for at least 24 hours using any

method.

3.1 | Studies that met the minimum
methodological criteria

1. What is the association between sodium intake and mortality
and cardiovascular outcomes in patients with heart failure?

Doukky R, Avery E, Mangla A, et al. Impact of dietary sodium restric-
tion on heart failure outcomes. JACC Heart Fail. 2016:4:24-35.

Design: Longitudinal cohort study.

Setting: Secondary analysis of RCT data (Heart Failure Adherence
and Retention Trial [HART]) that evaluated the effects of a self-care
management behavioral intervention vs an education control group
on clinical outcomes among heart failure (HF) patients recruited from
10 centers in Chicago, lllinois.

Median follow-up: 36 months.

Participants: The overall cohort included 833 patients with reduced
or preserved ejection fraction (n=145 with sodium intake <6.2 g
salt per day [<2500 mg sodium per day], and n=688 with sodium
intake 26.2 g salt per day [22500 mg sodium per day]). Exclusion
criteria: uncertain 12-month prognosis, asymptomatic patients
unlikely to have a primary end point, logistical issues (ie, language),
unstable cardiovascular disease, patients unlikely to undergo or
benefit from behavioral treatment (ie, psychological disorders),
symptoms that may be eliminated by surgery, and patients who
were unwilling to make lifestyle changes. The propensity-matched
cohort included 260 patients who were matched according to
dietary sodium intake.

Exposure: Sodium intake as measured by the average of four measures
(at baseline and at years 1, 2, and 3) of a 57-item food frequency ques-
tionnaire (FFQ) that assessed sources of dietary sodium in the past



WONG ET AL

Duplicates excluded

(n=45)

Records excluded based on
titles and abstract
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Full-text articles excluded

Animal/physiology/pharmacology studies,
case reports, editorials, letters to the
editor, conference proceedings, opinion

(n=65)

articles
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Implementation studies and other studies
that did not assess health outcomes

(n=19)

Studies related to outcomes with
dietary salt
(n=13)

FIGURE Study flow diagram for studies
identified from December 2015 to March
2016

week. Sodium intake was calculated based on FFQ responses, plus
an additional 3.1 g salt per day (1250 mg sodium per day), which the
authors considered the amount derived from food items commonly
found in the American diet.

Outcomes: The primary outcome was a composite of death or HF
hospitalization. Secondary outcomes were cardiac death and HF hos-
pitalization. Outcomes were determined by a blinded adjudication
committee using predefined criteria.

Risk of bias:

e Sampling: High risk.

o Representativeness: High risk.

o Reliability/validity of exposure: High risk.

o Reliability/validity of outcome: Low risk.

¢ Blinding of outcome assessment: Low risk.

o Risk of selective outcome reporting: Low risk.

e Confounding: Low risk.

Sources of funding: National Institutes of Health.

Summary of results: For the entire cohort, mean salt intake was 8.3 g/d
(3336 mg/d sodium; range: 1250-15 678 mg/d). In the propensity-
matched cohort, lower sodium intake was associated with an increased
risk of death or HF hospitalization (hazard ratio [HR], 1.85; 95% con-
fidence interval [Cl], 1.21-2.84) and HF hospitalization (HR, 1.82;
95% Cl, 1.11-2.96) compared with higher sodium intake. There was

no association between dietary sodium and all-cause or cardiac death.

Findings were similar for the entire cohort after adjustment for propen-
sity scores. In patients who were not taking an angiotensin-converting
enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB), lower
sodium intake was associated with a significantly higher risk of death
or HF hospitalization (HR, 5.78; 95% Cl, 1.93-17.27), but there was no
increase in risk in the subgroup treated with ACEls/ARBs.

Comment: There have been conflicting findings among observational
studies and RCTs assessing the association between dietary sodium
and clinical outcomes in HF patients. A strength of this study was the
use of longitudinal data using propensity matching. Even after control-
ling for variables that had a >10% absolute difference after matching,
the association between sodium intake and outcomes did not change.
However, there are several limitations to consider. First, the study pop-
ulation was highly selected, which limits generalizability of the findings.
For example, the patients were chosen to participate in a 1-year behav-
ioral intervention RCT that included 18 two-hour small group meetings.
The authors noted that those without sodium intake data, and excluded
from the analysis, had low adherence to HF therapies and had poor
outcomes. Second, the observational design cannot prove causality and
there is also a risk of reverse causality (ie, lower sodium intake may
reflect unmeasured factors that increase risk of death or hospitaliza-
tion). Despite propensity matching, there may have still been imbalance
in diabetes, lung disease, and stroke between groups. Finally, dietary

sodium was estimated from a 57-item FFQ administered at several time
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associated with BMI (OR for

obesity 2.79; 95% Cl,
1.66-4.68) and central
1.25-3.67), but not % body

Sodium intake by recall was
adiposity (OR, 2.14; 95% Cl,
fat. UNa/Cr was associated
with obesity, central
adiposity, and % body fat.

Results

absorptiometry

circumference;
% body fat, by dual-energy x-ray

Overweight/obesity, by BMI;
Central adiposity, by waist

Outcomes

Method of Sodium
Intake Measurement
24-h dietary recall;
UNa/Cr measured by
single spot urine

Dietary Salt “Dose” (Actual
Mean Intake per d)?
Overall: 10.8 g salt/d

Boys: 12.0 g salt/d
Girls: 9.1 g salt/d

Study Duration
Cross-sectional

ts

cipan

1467 children
(KNHANES

2010-2011);
57.4% male;
mean age 134y

Pa
N

Study Design
Cross-sectional

(Continued)

(Country)
(Korea)??

Lee et al.

Study
timated glomerular filtration rate; HF, heart failure; HR, hazard ratio; HSI, hepatic steatosis index; IQR, interquartile range; KNHANES, Korea National Health and Nutrition Examination Survey; NaCl, sodium

chloride; N/A, not applicable; NAFLD, nonalcoholic fatty liver disease; RCT, randomized controlled trial; RESIP-CVD, Reducing Salt Intake for Prevention of Cardiovascular Diseases in High-Risk Patients by
Advanced Health Education Intervention study; SBP, systolic blood pressure; Shimane CoHRE, Center for the Community-based Health Research and Education of Shimane University; UNa/Cr, urine sodium-

DBP, diastolic blood pressure; DONALD, Dortmund Nutritional and Anthropometric Longitudinally Designed Study; FFQ, food frequency questionnaire; FIB-4, Fibrosis-4 index; FLI, fatty liver index; eGFR, es-
to-creatinine ratio; US, United States; 7DACS, 7-day Ambulatory Blood Pressure Monitoring and Continuous Glucose Monitoring Study.

Abbreviations: ABPM, ambulatory blood pressure monitoring; BMI, body mass index; BP, blood pressure; CIRCS, Circulatory Risk in Communities Study; CKD, chronic kidney disease; Cl, confidence interval;

2Unless otherwise stated, units are in g per day of salt (sodium chloride) intake. To convert to mg per day of sodium, multiply by 400. To convert to mmol per day of sodium, multiply by 17.4.

TABLE

points. This FFQ included an assumed sodium intake of 3.1 g/d of salt
(1250 mg/d of sodium) for each participant, regardless of actual food
intake. This underlying assumption may have been a source of error. In

25-28 and there

general, FFQs generally underestimate dietary sodium
are no known studies that show the FFQ used produces a valid estimate
of sodium. These limitations may have resulted in misclassification of
patients into high- and low-sodium intake groups. Overreporting or un-
derreporting of dietary intakes were also not assessed, which resulted
in the inclusion of a very wide range of salt intake. As noted by the

authors, several covariates were not captured, including energy intake.

3.2 | Studies that did not meet minimum
methodological criteria

1. What is the association between salt intake during

adolescence and blood pressure in young adulthood?

Krupp D, Shi L, Egert S, et al. Prospective relevance of fruit and veg-
etable consumption and salt intake during adolescence for blood pres-
sure in young adulthood. Eur J Nutr. 2015;54:1269-1279.
Design: Longitudinal cohort study.
Setting: Dortmund Nutritional and Anthropometric Longitudinally
Designed Study (DONALD), Germany.
Median follow-up: Not reported; duration from infancy up to 18 to
25 years.
Participants: 206 young adults, recruited as healthy babies (age
3-6 months), with available sodium intake data during adolescence
and BP/anthropometric data during young adulthood.
Exclusion criteria: Preterm birth, missing or implausible data for BP,
urine samples, dietary records, birth weight, or gestational age.
Exposure: Sodium intake as measured by the average of three or more an-
nual assessments of 24-hour urinary sodium excretion (single measure) and
three or more annual assessments of nutrient and food intake estimates
obtained from a 3-day food record, between 11 and 16 years of age.
Outcomes: Systolic and diastolic BP in young adulthood, age 18 to
25 years (mean of two seated BP readings at each assessment, which
occurred every 2 years).
Risk of bias:

Sampling: High risk.

Representativeness: High risk.

Reliability/validity of exposure: Low risk.

Reliability/validity of outcome: Low risk.

Blinding of outcome assessment: Low risk.

Risk of selective outcome reporting: Low risk.

Confounding: High risk.
Sources of funding: Ministry of Science and Research of North Rhine
Westphalia, Germany; Federal Agency for Agriculture and Food.
Summary of results: Higher salt intake during adolescence was related
to higher systolic BP in young adulthood in men (adjusted B coefficient
0.10 mm Hg per 1 mmol NaCl; 95% Cl, 0.03-0.18), but not in women.
Among boys, there was a 7.5-mm Hg difference in BP between the
lowest and highest quartiles. Adjustment for body mass index did not
attenuate the relationship between sodium and BP. Higher fruit and



WONG ET AL

vegetable intake was related to lower systolic BP in young adult women
(100 g/d higher fruit and vegetable consumption was associated with
0.9 mm Hg lower systolic BP; 95% Cl, 0.1-1.7) but not in men.

Comment: In addition to the longitudinal study design, a strength of
this study was repeated measures of dietary sodium consumption
using 24-hour urine collections. However, only 48% of participants
provided dietary and urinary data during the follow-up period in young
adulthood, which may have produced biased findings and limited their
generalizability. Other aspects of the study may further limit general-
izability. For example, infants recruited into the DONALD study be-
longed to families who had greater educational attainment and higher
socioeconomic status as compared with the general German popula-
tion.?? In addition, the negative BP standard deviation scores demon-
strated that adolescent BP values were lower in the DONALD cohort
compared with the German reference population. As the authors

noted, physical activity was not included in the regression models.

2. What is the impact of dietary salt reduction and salt substitution
strategies on blood pressure in Chinese adults?

Wang M, Moran AE, Liu J, et al. A meta-analysis of effect of dietary
salt restriction on blood pressure in Chinese adults. Glob Heart.
2015;10:291-299.e6.

Design: Meta-analyses of quasi-experimental (preintervention and
postintervention) studies and RCTs.

Methods:

e Data sources: MEDLINE and China

Infrastructure (to July 2014), international conference reports, and

National Knowledge
reference lists from identified articles.

o Study selection and assessment: RCTs or quasi-experimental studies
of at least 1 week’s duration conducted in Chinese adults 35 years
and older, evaluating the effect of: (1) salt restriction on BP; (2) the
use of cooking salt-restriction spoons (standard-sized spoons to be
used in adding salt to food during preparation, coupled with educa-
tion on salt reduction) on salt intake; and (3) the use of salt substi-
tutes on BP. Six salt restriction studies (n=3153; all preintervention/
postintervention studies; duration 1-8 weeks), four salt-restriction
spoon studies (n=3715; two pre-/post-studies, two RCTs; duration
3-12 months), and four salt substitute studies (n=1730; all RCTs;
duration 12-24 months) met inclusion criteria. Risk of bias assess-
ments were conducted according to study population, blinding, use
of a control group, and method used to estimate salt intake. Potential
sources of heterogeneity were explored using meta-regression.

e Method of sodium intake measurement: Studies of salt restriction
used 24-hour urinary sodium excretion; studies evaluating salt-re-
striction spoons used the weighing of salt before cooking or 24-
hour urinary sodium excretion; salt substitute studies used first
morning urine samples.

Outcomes: BP and salt intake.

Subgroup analyses: Hypertensive status (hypertensive vs combina-
tion of hypertensive and normotensive participants), age, and sex.
Risk of bias:

O A priori design: No.

WILEY--%

Duplicate study selection/data extraction: Yes.
Comprehensive literature search: Yes.

Status of publication used as an inclusion criterion: No.
List of studies included: Yes.

Characteristics of included studies provided: Yes.
Quality of studies assessed and documented: Yes.

O 0O 0O O 0O 0 O

Quality of included studies used appropriately in formulating
conclusions: No.

O Methods to combine findings appropriate: Yes.

O Publication bias assessed: Yes.

O Conflict of interest: None declared.

Summary of results: This meta-analysis found that for each 1-g re-
duction in salt intake, there was an overall reduction of 0.58 mm Hg
(95% Cl, 0.55-0.60 mm Hg) for systolic BP, and a reduction of
0.30 mm Hg (95% ClI, 0.27-0.31 mm Hg) for diastolic BP. In the
subgroup with hypertension, there was a reduction of 0.94 mm Hg
(95% ClI, 0.69-1.03 mm Hg) for systolic BP and a reduction of
0.62 mm Hg (0.38-0.71 mm Hg) for diastolic BP. Interventions ex-
amining the use of salt-restriction spoons were associated with a
reduction in salt intake by 1.46 g (95% Cl, 0.52-2.40 g) per day after
3 to 12 months of follow-up. The use of salt substitutes reduced
systolic BP by 4.2 mm Hg (95% Cl, 1.3-7.0 mm Hg) in individuals
with hypertension, but there was no statistically significant differ-
ence in diastolic BP.

Comment: This meta-analysis by Wang and colleagues is consistent
with and extends the findings of previous studies that demonstrate BP
reduction with salt restriction and salt substitution in Chinese adults,
particularly among those with hypertension. Overall, this study’s search
strategy appears to have likely included all relevant studies to date.
Study selection and data extraction were performed in duplicate. A large
variety of interventions and salt reduction strategies were examined.
Notably, many of the included studies addressed culturally tailored in-
terventions (eg, use of salt-restriction spoons) that may be especially
relevant to Chinese populations where, in contrast to many Western so-
cieties, a large source of dietary salt is from home cooking. Still, several
weaknesses should be acknowledged. The number of published Chinese
studies are relatively few. Consequently, the authors were unable to ex-
amine the dose-response relationship between salt reduction and BP
lowering. Further, this meta-analysis may have been underpowered to
detect a significant difference in BP pressure with the use of salt substi-
tutes in normotensive populations. The majority of studies that assessed
the effect of dietary salt reduction on BP were only 1 week in duration
and all were pre-/post-studies with no independent control group. The
corresponding meta-analysis included studies that contributed to more
than one point estimate. For example, data from 487 patients in the
GenSalt study were included twice: at the initial study and again at the
follow-up study 4.5 years later.%° The authors did not account for these
correlated comparisons. Also, noted by the authors, some studies evalu-
ating salt substitutes estimated salt intake with spot urine collection (as
opposed to multiple 24-hour urine collections), and many other stud-
ies examining salt-restriction spoons did not have independent control
groups. Thus, unmeasured confounding may have been present.
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3. What is the association between sodium intake and risk of

chronic kidney disease?

Liu N, Sun W, Xing Z, et al. Association between sodium intakes with
the risk of chronic kidney disease: evidence from a meta-analysis. Int J
Clin Exp Med. 2015;8:20939-20945.

Design: Meta-analysis of observational studies.

Methods:

e Data sources: PubMed (MEDLINE) and Web of Science, through
December 31, 2014, and reference lists from retrieved articles.

e Study selection and assessment: Prospective cohort, case-con-
trol or cross-sectional studies assessing the association between
sodium intake and CKD and reporting adjusted relative risk with
95% Cl. Nine studies (6 prospective, 3 cross-sectional) met inclu-
sion criteria (N=40 934 adults from seven countries, mean age
range 39-68 years). Follow-up in prospective studies ranged from
11 months to 10 years. Studies were pooled using random-effects
models. Study quality was assessed with a numerical score that was
not described in the publication. Meta-regression and subgroup
analyses were conducted to explore heterogeneity.

e Method of sodium intake measurement: 24-hour urine sodium
(7 studies); 24-hour dietary recall (2 studies).

e Outcomes: CKD, defined as estimated glomerular filtration rate
<60 mL/min/1.73 m? or estimated glomerular filtration rate
260 mL/min/1.73 m? with albuminuria.

Subgroup analyses: Study design, geographic location, measures of

sodium intake.

Risk of bias:

O A priori design: No.

O Duplicate study selection/data extraction: Yes.

o Comprehensive literature search: Yes.

O Status of publication used as an inclusion criterion: No.

o List of studies included: Yes for included studies; No for ex-
cluded studies.

[e]

Characteristics of included studies provided: Yes.
O Quality of studies assessed and documented: Yes, but quality
score was not described.
O Quality of included studies used appropriately in formulating
conclusions: Yes.
o Methods to combine findings appropriate: Yes.
O Publication bias assessed: Yes.
0 Conflict of interest: None declared.
Summary of results: The pooled results of the meta-analysis demon-
strated that the highest sodium intake level vs the lowest level was
significantly associated with risk of CKD (pooled relative risk, 1.088;
95% Cl, 1.009-1.193). There was significant heterogeneity between
studies (1=78.1%), although meta-regression did not reveal the cause
of heterogeneity. Subgroup analysis by study design showed a statisti-
cally significant effect in prospective studies but not in cross-sectional
studies and in Europe but not in the United States.
Comment: The meta-analysis included a large number of patients,
and for each study, data were extracted from the models adjusting
for the most potential confounders. However, it is possible that some

studies did not control for potential important confounders, such as
ACEI/ARB use. The meta-analysis compared highest vs lowest sodium
intake but could not quantify a dose-response relationship because
of limited data. Between-study heterogeneity persisted in the meta-
regression with publication year, country, study design, measures of
sodium intake, and number of CKD cases as covariates. However,
the authors did not account for patient demographics in the meta-
regression, which likely contributed to heterogeneity in effect size. For
example, all patients in the included study by Fan and coIIeagues31 had
CKD at baseline (mean estimated glomerular filtration rate 32.5 mL/
min/1.73 m?). Furthermore, this study assessed the outcome of kidney
failure requiring dialysis or transplantation.! Because the study by Fan
and colleagues differed in patient population and outcome definition
from the other studies, it should not have been included in the meta-
analysis. Variations in the ranges of highest and lowest categories of
sodium intake between studies also likely contributed to heterogene-
ity. Although most studies used 24-hour urine sodium to quantify salt
intake, two studies used 24-hour dietary recall, a method subject to
recall bias and underreporting. These two studies, which also used a
cross-sectional design and were performed in the United States, did
not demonstrate a significant relative risk in contrast to the other stud-
ies. These differences are likely a reflection of study methodology and
design, rather than differences between United States and Europe.

4 | DISCUSSION

This review identified 13 studies assessing the association of dietary
sodium and health outcomes. One study met minimum methodologi-
cal criteria; this study found an increased risk associated with lower
sodium intake in patients with HF.'? All other studies included in this
review demonstrated positive associations between dietary salt and
adverse health outcomes including BP outcomes, kidney disease, obe-
sity, and nonalcoholic fatty liver disease.

The minimum methodological criteria were established to ensure
that only robust research studies are used to inform evidence-based
guidelines for sodium reduction. Like previous reviews, the majority
of studies in this review did not meet the standards. While this means
they should not be used to inform national or international guide-
lines, they still add to the evidence on the benefits for salt reduction
programs. The only study that did meet the minimum methodologic
standards was for HF patients and showed an increased risk associ-
ated with sodium restriction. In the past two annual reviews of studies
that met minimum methodological criteria, all studies found health
benefits with salt reduction.? Dietary sodium restriction in HF is the
primary nutritional recommendation to control the signs and symp-
toms associated with hypervolemia caused by sodium retention.®>%3
However, studies examining dietary sodium in the HF setting have
demonstrated conflicting results, which may be based on variation in
research design and methods. RCTs examining clinical outcomes in the
HF population exhibit confounding effects from cointerventions, in-
cluding high-dose loop diuretics and strict fluid restriction, making the

independent effects of sodium restriction impossible to examine.34-3¢
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By design, observational studies cannot prove causality and may be
prone to reverse causality, and many of these studies may be under-
powered. The method of assessing exposure to dietary sodium should
also be considered, as urinary sodium excretion is strongly influenced
by the use of diuretics and the presence of renal impairment,®” and
some survey methods such as the FFQ used by Doukky and colleagues
may not sufficiently characterize sodium intake because of their lim-
ited precision in estimating sodium intake.2>"2® Small well-designed,
randomized controlled physiologic studies have identified short-term
neurohormonal activation caused by sodium restriction®®°?; however,
it is unknown how these surrogate outcome findings relate to clin-
ical outcomes. Sodium and water balance in people with HF is usu-
ally maintained using loop diuretics, which are likely to have a much
more substantive impact on vascular volume than efforts to reduce
dietary sodium. Hence, in achieving euvolemia, there may be more
benefit in maintaining a consistent day-to-day level of sodium intake
vs lowering dietary sodium to levels where patients may not be able to
consistently adhere. As noted by Doukky and colleagues, high-quality
RCTs are needed to elucidate the impact of dietary sodium on clinical
outcomes in HF, for which two known trials are currently recruiting
(the Study of Dietary Intervention Under 100 mmol in Heart Failure
[SODIUM-HF] and the Geriatric Out of Hospital Randomized Meal
Trial in Heart Failure [GOURMET-HF]).4%41

The longitudinal cohort study by Krupp and colleagues“’ demon-
strated that high sodium intake during adolescence was associated
with significantly higher BP levels by age 18 to 25 years in men, but not
women, and suggested that the effect of adolescent dietary habits on
early adulthood BP may be sex-specific. Although this study has limited
generalizability because of a small sample size, especially with respect
to the subgroup analysis on sex, the validity of the study is strengthened
by the use of annual 24-hour urine samples to assess sodium intake.

While they did not meet the minimum methodological criteria, the
two meta-analyses were also assessed in this review. One demon-
strated beneficial effects of salt restriction on BP?® and the other
showed that higher sodium intake was associated with greater risk of
CKD.?* Although meta-analyses are generally considered to provide
stronger levels of evidence compared with primary studies, both of
these meta-analyses had major methodological weaknesses that in-
creased their risk of bias. In the meta-analysis by Wang and colleagues,
which focused on adults in China, one of the important identified lim-
itations was the weak study design for included studies (short-term
self-controlled studies for trials assessing dietary salt reduction on
BP). Even so, the overall study provides evidence consistent with
other studies: that salt restriction and the use of culturally tailored salt
reduction strategies are associated with significant reductions in BP,
particularly for individuals with hypertension. The meta-analysis by Liu
and colleagues of observational studies lacked detailed descriptions of
included studies and reasons for excluding studies, and some studies
should not have been pooled due to differences in study design and
patient population. While this meta-analysis suggests that high salt
intake may be associated with a greater risk of CKD, its clinical appli-
cability is limited because a dose-response relationship could not be
assessed.

WILEY--%

5 | CONCLUSIONS

The findings from this review complement previous reviews that sup-
port the need to reduce salt. Twelve of 13 identified studies showed
benefits associated with salt reduction. One study met the mini-
mum methodological criteria and showed harm with salt reduction,
although this study was in HF patients, with limited generalizability.
The review further strengthens the evidence in support of existing
national and international recommendations for national population-
wide programs to reduce salt as well as highlights the importance of

better designed trials to understand salt restriction in HF patients.
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