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Called a “divine substance” by Homer, salt has
been an essential part of civilization for culi-

nary, political, commercial, and scientific uses. The
word “salary” is derived from the Latin word salarium,
or salt-money, because salt was used as a form of
payment in Ancient Rome. With global moderniza-
tion, salt has shifted from monetary currency to food
currency and is widely used as a food preservative and
for food flavoring, particularly in commercially pre-
pared or packaged foods.
Dietary sodium intake in the general population of

the United States is high, with 89% of adults exceeding
the current recommendation of ,2,300 mg/d.1 A
recent evaluation of dietary trends from the National
Health and Nutrition Examination Survey estimated
that the average sodium intake has not changed be-
tween 1999 to 2000 and 2011 to 2012 despite wide-
spread efforts to educate the public on the associations
of high sodium intake with adverse health-related ef-
fects, including increased mortality and cardiovascular
disease (CVD) events, and that reduction in sodium
intake can lead to improvement in blood pressure and
proteinuria.2 Although precise guidelines from several
health organizations are inconsistent regarding the
exact target for sodium intake, each of these guidelines
suggests a reduction in sodium intake for individuals
who exceed the daily recommendation.3-5

Although the public health focus has been on
avoiding high sodium intake, some evidence suggests
that low levels of sodium intake may also be associ-
ated with adverse outcomes in the general popula-
tion.6 The mechanism behind this J-shaped curve has
not been established, although several hypotheses
have been proposed, including activation of the renin-
angiotensin-aldosterone system or sympathetic nerve
activation leading to endothelial dysfunction.7,8 These
studies have been subject to methodologic criticisms,
including bias in assessment of sodium intake with
use of either spot urinary sodium measurements or
dietary recall; potential for reverse causality; insuffi-
cient adjustment for confounding variables, including
caloric intake and other comorbid conditions; and
small sample size for individuals with low sodium
intake.9,10 As such, current guidelines do not provide
recommendations for a lower limit of sodium intake.
Further complicating this literature is the paucity of
evidence for individuals with chronic kidney disease
(CKD), a group at very high risk for CVD events and
progression of kidney disease.
y Dis. 2017;69(2):175-178
WHAT DOES THIS IMPORTANT STUDY SHOW?

Using data from 3,757 participants in the observa-
tional CRIC (Chronic Renal Insufficiency Cohort)
Study, Mills et al11 evaluated the relationship between
urinary sodium excretion, as a proxy for dietary so-
dium intake, and CVD outcomes among patients with
CKD stages 2 to 4. The exposure variable was mean
cumulative 24-hour urinary sodium excretion from 3
visits. Urinary sodium excretion was calibrated by
multiplying the 24-hour urinary sodium-creatinine
ratio by the study population’s sex-specific mean uri-
nary creatinine excretion to minimize measurement
error from incomplete 24-hour urine collections. The
primary outcome was a CVD composite, defined as the
first episode of heart failure, myocardial infarction,
and/or stroke; these were identified by interviews and
adjudicated by medical record review and physician
congruency. Mean 24-hour urinary sodium excretion
was 3,701 (standard deviation, 1,443) mg. During a
median 6.8 years of follow-up, the cumulative inci-
dence of the composite CVD outcome was 18.4% in
individuals in the lowest quartile of urinary sodium
excretion, followed by 16.5%, 20.6%, and 29.8% in
each subsequent higher quartile of urinary sodium
excretion. After adjustment for modifiable CVD risk
factors, blood pressure medications, and estimated
glomerular filtration rate (GFR), there was a statisti-
cally significant increased risk in the highest quartile of
urinary sodium excretion ($4,548 mg) compared to
the lowest quartile (hazard ratio, 1.36; 95% confidence
interval, 1.09-1.70), but no differences in the lower 3
quartiles. These findings were primarily driven by
heart failure outcomes rather than other components of
the composite outcome. There was no evidence of
nonlinearity (ie, a J-shaped relationship) for the com-
posite CVD outcome, but for the heart failure
outcome, there was a trend toward nonlinearity. Re-
sults were consistent after adjustment for baseline
blood pressure, suggesting that the association of high
urinary sodium excretion with CVD events was
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independent of blood pressure. Results were also for
the most part consistent in analyses that used uncali-
brated mean 24-hour urine sodium excretion.
This study has several strengths, including use of a

large cohort of individuals with CKD, adjudicated
outcomes, and detailed ascertainment of covariates,
including assessment of nutritional status, caloric
intake, and severity of illness, all of which are key
confounders when investigating the relationship be-
tween low urinary sodium excretion and outcomes.
Importantly, accurate assessment of the exposure
variable was performed using three 24-hour urinary
sodium excretion measurements. Measurement of 24-
hour urinary sodium excretion is considered the gold
standard for assessment of dietary sodium exposure,
and the CRIC Study demonstrated remarkable results
in terms of accurate 24-hour urine collection, with
only 4.8% of participants being excluded due to
incomplete or missing urine collections (incomplete
urine collections were defined as total urine volume
, 500 mL, collection duration , 20 hours, total
creatinine excretion , 7 mg/kg of body weight, and
mean urinary sodium excretion , 20 mmol/24 h).
Limitations of the study include the inability to
evaluate the lower ranges of urinary sodium excretion,
for example,,2 g/d of sodium, because there were too
few individuals in this category. In addition, there is a
lack of validated data that 24-hour urinary sodium
excretion reflects dietary sodium intake, particularly in
advanced stages of CKD. Last, the conclusion that the
effect of high sodium was independent of blood
pressure may be premature, especially given the
potential for residual confounding. The analyses
could have been strengthened through evaluation of
blood pressure using time-dependent analyses, and
adjustment for proteinuria at baseline and as a time-
dependent variable may have provided additional
insights into mechanisms.12

HOW DOES THIS STUDY COMPARE WITH
PRIOR STUDIES?

Many studies have evaluated the association be-
tween sodium intake and clinical outcomes in the
general population, with several indicating increased
risk for adverse outcomes at both high and low so-
dium intake. In general, these studies have not
included individuals with CKD and have been subject
to methodologic criticisms, as noted. That being said,
the J-shaped relationship, whereby both low and
higher sodium intake are associated with adverse
outcomes, seems to exist in several carefully done
epidemiologic studies, and some have suggested
caution in being too aggressive with restriction of
dietary sodium in certain populations.6,13

In a recent meta-analysis of 23 cohort studies and 2
randomized trials (n 5 274,683), Graudal et al8
176
evaluated the association of low sodium intake
(,2,645 mg/d), usual sodium intake (2,645-
4,945 mg/d), and high sodium intake (.4,945 mg/d)
with all-cause mortality and CVD outcomes in the
general population. Compared to usual sodium intake,
both low and high sodium intake were associated with
increased risk for all-cause mortality and CVD. Re-
sults did not differ in sensitivity analyses excluding
high-risk groups such as those with hypertension,
heart failure, diabetes mellitus, or CKD. Smyth et al14

then performed a systematic review evaluating the
relationship between sodium intake and kidney out-
comes in individuals with and without CKD
(n 5 8,129). Their results showed that in individuals
with CKD, there was an association between high
sodium intake and decline in GFR, as well as an in-
crease in proteinuria, whereas the association of low
and usual sodium intake with outcomes did not differ.
Among individuals without CKD, there was no
consistent relationship between sodium intake and
kidney disease progression. Due to heterogeneity of
the studies, meta-analysis was not performed. In both
these systematic reviews, individuals with CKD were
under-represented, with only one study including in-
dividuals with estimated GFRs , 60 mL/min/1.73 m2

in the review by Graudal et al and 4 in the review by
Smyth et al. Subsequent to these publications, addi-
tional studies have been published that investigated
the association between sodium intake and adverse
outcomes in populations with CKD (Table 1). These
studies do not provide completely consistent evi-
dence, but for the most part have suggested that high
sodium intake is associated with adverse outcomes. In
addition, they have not demonstrated the J-shaped
relationship noted in several general population
studies.

WHAT SHOULD CLINICIANS AND
RESEARCHERS DO?

Current dietary guidelines published by KDIGO
(Kidney Disease: Improving Global Outcomes) and
by the Canadian Society of Nephrology suggest an
upper limit of sodium intake in individuals with CKD
based on the available evidence.15,16 KDIGO guide-
lines recommend sodium intake , 2 g/d, unless
contraindicated, citing that sodium restriction appears
to be a promising method to reduce blood pressure
and thereby progressive kidney disease and CVD
events.15 However, the guideline work group
acknowledged that although there is robust evidence
that sodium restriction can reduce blood pressure in
the general population, there is limited evidence in a
CKD population. Upon review of KDIGO guidelines,
the Canadian Society of Nephrology provided a
commentary suggesting that reduction in sodium
intake should be recommended in patients whose
Am J Kidney Dis. 2017;69(2):175-178



Table 1. Studies Investigating the Association Between Sodium and Adverse Clinical Outcomes in CKD Populations

Study

Participants and

Selected Features Study Design Exposure Variable Outcome Variable Primary Conclusions

CRIC11,17 CKD cohort with 47%

diabetic patients

(n 5 3,757); eGFR

range, 20-70 mL/min/

1.73 m2; RAS

inhibition, 68%;

diuretic use, 59%

Prospective

cohort study

Cumulative mean of 3

urinary Na

measurements,

calibrated to sex-

specific mean 24-h

urinary creatinine

excretion; mean Na

excretion:

3.70 6 1.44 g/d

Composite CVD

outcome including

HF, MI, and stroke;

composite kidney

outcome of ESRD

or halving of eGFR

Higher urinary Na is

associated with

increased risk for

CVD; higher

urinary Na is

associated with

increased risk for

CKD progression

MDRD18 CKD clinical trial of

predominantly

nondiabetic white

individuals (n5 840);

mGFR range, 13-

55 mL/min/1.73 m2;

RAS inhibition, 36%;

diuretic use, 41%

Post hoc

analysis using

long-term

follow-up

Mean baseline 24-h

urinary Na

excretion from 3-4

urine collections,

with time-averaged

data used for

sensitivity analysis;

mean Na excretion,

3.46 6 1.13 g/d

Kidney outcome of

progression to

ESRD; composite

of ESRD and all-

cause mortality

No association

between either

high or low urine

Na excretion with

ESRD or

composite of

ESRD and all-

cause mortality

IDNT &

RENAAL19
CKD clinical trial of type

2 diabetic patients

with proteinuria .
500 mg/d

(n 5 1,177); mean

(SD) eGFR, 44 (16)

mL/min/1.73 m2;

RAS inhibition

(randomized), 42%;

diuretic use, 61%

Post hoc

analysis

Mean 24-h urine Na

excretion, averaged

from follow-up visits

and normalized to

urinary creatinine

excretion; mean Na

excretion,

4.16 6 1.98 g/d

Composite CVD

outcome of CVD

death, MI, stroke,

HF hospitalization,

or revascularization

procedure;

composite kidney

outcome of

doubling of

creatinine or ESRD

Reduction in CVD

and kidney

outcomes in

patients using

RAS inhibition

compared to non-

RAS inhibition

was greater in

patients with

lower urinary Na

as compared to

higher urinary Na

REIN and

REIN-212
CKD clinical trial of

proteinuric kidney

disease (n5 500);

CLcr range, 20-

70 mL/min/1.73 m2;

RAS inhibition

(randomized), 100%a

Post hoc

analysis using

long-term

follow-up

Baseline 24-h urinary

Na excretion,

normalized to

urinary creatinine

excretion; mean Na

excretion,

4.08 6 1.66 g/d

Kidney outcome of

progression to

ESRD

High urinary Na is

associated with

increased risk for

ESRD, perhaps

through a

pathway of

increasing

proteinuria

AASK20 CKD clinical trial in

African Americans

with hypertension

(n 5 1,094); mGFR

range, 20-65 mL/min/

1.73 m2

Post hoc

analysis

Baseline 24-h urinary

Na excretion; mean

Na excretion,

3.68 6 1.98 g/d

Composite outcome

of CVD death,

hospitalization for

MI or CV event,

revascularization

procedure, stroke,

HF

Higher urine Na-

potassium ratio

associated with

increased risk for

CVD

Abbreviations: AASK, African American Study of Kidney Disease and Hypertension; CKD, chronic kidney disease; CLcr, creatinine

clearance; CRIC, Chronic Renal Insufficiency Cohort Study; CV, cardiovascular; CVD, cardiovascular disease; eGFR, estimated GFR;

ESRD, end-stage renal disease; HF, heart failure; IDNT, Irbesartan Diabetic Nephropathy Trial; MDRD, Modification of Diet in Renal

Disease; mGFR, measured GFR; MI, myocardial infarction; RAS, renin-aldosterone system; REIN, Ramipril Efficacy in Nephropathy

Trial; RENAAL, Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan Study; SD, standard deviation.
aAll individuals in this post hoc analysis were part of the treatment arm, treated with ramipril.
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estimated intake greatly exceeds a range of dietary
sodium intake between 2.7 and 3.3 g/d.16 Importantly,
this guideline did not suggest a universal reduction
to ,2 g/d because of the absence of evidence for this
threshold, as well as the possibility of harm at lower
levels of sodium intake, thereby acknowledging the
J-shaped observation noted in certain populations.
Am J Kidney Dis. 2017;69(2):175-178
The recent article byMills et al is awelcome addition
to the literature, specifically focusing on sodium
excretion and clinical outcomes in a CKD population.
Not only does this raise awareness that certain dietary
interventions affect clinically important outcomes in
this high-risk population, but it also supports the
concept stressed in current guideline recommendations
177
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to reduce sodium intake in individuals with CKD, in
particular those who are consuming high-sodium diets.
Importantly, the risk of low sodium intake was not
overtly evident in this study.Additional studies are now
needed in populations with CKD to confirm these re-
sults, better define exact sodium dietary targets, and
evaluate in clinical trials whether sodium reduction
translates into reduced clinical outcomes.
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