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Abstract

failure and mortality in patients with non-dialytic CKD.

Background: Restriction of sodium intake is routinely recommended for patients with chronic kidney disease (CKD).
Whether or not sodium intake is associated with the progression of CKD and mortality remains uncertain. We evalu-
ated the association between urinary sodium excretion (as a surrogate for sodium intake) with the occurrence of renal

Methods: We conducted a retrospective study of patients followed at a CKD clinic care hospital from October 2006
to March 2017. Adult patients with non-dialytic CKD were included. Using a time-to-event analysis, we examined the
association of urinary sodium excretion as a categorical variable (categorized as quintiles: 1st quintile: 0.54-2.51 g; 2nd
quintile: 2.52-3.11 g, 3rd quintile: 3.12-3.97 g, 4th quintile: 3.98-5.24 g and 5th quintile: 5.26-13.80 g) and the out-
comes of interest. The primary outcome was defined as progression to end-stage renal disease requiring any type of
renal replacement therapy. The secondary outcome was mortality.

Results: Two hundred five patients were included in the study (mean follow up of 2.6 years) with a mean eGFR of
26 (19-41) ml/min/1.73m2. 37 patients (18%) required renal replacement therapy and 52 (25,3%) died. There was
association between urinary sodium excretion and need for renal replacement therapy (adjusted HR 0.245; 95%Cl
0.660-0.912). There was no association between urinary sodium excretion and mortality in adjusted models.
Conclusion: Moderate sodium intake was associated with a lower risk of renal failure.
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Background

Chronic kidney disease (CKD) affects about 10% of
the adult population [1], which is associated with an
increased risk of renal replacement therapy, as well as
cardiovascular morbimortality [2—-5]. The CKD progres-
sion is understood as the loss of renal function, regard-
less the underlying disease and its activity [6].
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The treatment aims is attenuate the progression of
CKD interventions on modifiable factors: to increase sur-
vival, preparing the patient for a possible renal replace-
ment therapy, and improving the quality of life [2].
Clinical strategies were directed at controlling blood glu-
cose, arterial hypertension [7], dyslipidemia [8], obesity
[9], smoking [10] and lifestyle adjustment. Dietary inter-
ventions play an important role and nutritional support is
necessary in all stages of CKD [11], with special attention
to the proteins [12], potassium [13], phosphorus [14] and
sodium intake [14].
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Current guidelines recommend a sodium consumption
of 2.4 g/day for the adult population [15-17]. The empha-
sis in this recommendation is due the direct relationship
with the increase in blood pressure [18-23]. In CKD
patients, an excessive sodium intake is also associated
with proteinuria [23, 24], besides attenuating the antihy-
pertensive and anti-proteinuric effects of drugs acting on
the renin-angiotensin system [25].

These mechanisms suggest the relationship between
sodium intake with renal outcomes and mortality should
be linear. Although several studies have shown associa-
tion between increased sodium intake with CKD pro-
gression [13, 24, 26] and mortality [13, 26, 27], an inverse
relationship has been reported by others [28].

In view of the heterogeneity of the published results,
the aim of our study was determine if urinary sodium
excretion is associated with mortality and need for renal
replacement therapy in patients with non-dialytic CKD.

Methods

Patient population and measurements

This is a retrospective cohort study using prospectively
collected data on adult patients (>18 years) followed in
the progressive renal insufficiency clinic at Botucatu
Medical School, located in Botucatu, Brazil. The pro-
gressive renal insufficiency clinic is a specialty multi-
disciplinary care clinic in the CKD program for patients
approaching ESRD. Patients with progressive kidney dis-
ease are referred to this clinic at the discretion of primary
nephrologist in anticipation of needing renal replace-
ment therapy. Causes of CKD were: hypertension (40%),
Diabetes (17,5%), Glomerular (5,9%) and others (pyelone-
phritis, ischemic nephropathy, nephrectomy, nephrocal-
cinosis, renal lithiasis, disease polycystic, undetermined
cause). Attempts were made to collect 24-h urine for
sodium excretion at least twice per year. Standardized
instructions are given to each patient for collection of
24-h urine. The study included patients with non-dialytic
CKD, at least two visits to the clinic and at least one 24-h
urine sodium excretion (USE) measurement between
October 2006 and November 2010. Patients who
required any kind of renal replacement therapy prior to
the laboratory test, in malignant phase of hypertension,
hepatic insufficiency, alcoholics and with malignant neo-
plasm were excluded.

Data collection

Data on all patients were obtained through the clinic’s
comprehensive database since its inception in October
1st, 2006. The accuracy of the data in the database is veri-
fied every six months by auditing 5% of entries and accu-
racy has been >95%. Data collected included age, gender,
blood pressure (BP), body-mass index (BMI), eGFR,
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urine excretion of sodium, protein and creatinine, cause
of CKD, comorbidities, medications, date of death and
date of initial dialysis or renal transplantation.

Blood pressure was measured in sitting position after
at least five minutes of rest. Blood pressure, eGFR and
proteinuria were measured at each clinic visit. 24-h
USE was performed periodically to monitor compli-
ance and assist in counseling patients regarding sodium
restriction. Hypertension was defined as an average
BP >140/90 mmHg or self-reported use of antihyper-
tensive drugs. Diabetes mellitus was defined according
to the American Diabetes Associations criteria [29]. The
estimated glomerular filtration rate (eGFR) was calcu-
lated according to the CKD-EPI Eq. (12).

Sodium intake for each patient was estimated from
the average 24-h USE measured during the follow-up
period. A priori, we categorized the patients according to
their mean 24-h USE into five groups (n=41):1st quin-
tile: 0.54—2.51 g; 2nd quintile: 2.52-3.11 g, 3rd quintile:
3.12-3.97 g, 4th quintile: 3.98-5.24 g and 5th quintile:
5.26-13.80 g. The 1st quintile: (0.54—2.51 g) was selected
as reference. We choose this point of sodium intake to be
the recommended for patients CKD [15-17].

Outcomes

The primary outcome was defined as progression to
ESRD requiring any type of renal replacement therapy
(dialysis or renal transplant). The secondary outcome was
mortality from any cause. Surviving or of dialysis-free
patients at the end of the follow, as well as those trans-
ferred from the service or having lost the segment were
censored.

Statistical analyses

Continuous variables are reported as mean (+SD) and
categorical variables are reported as median interquar-
tile range and percentages. Continuous variables were
obtained by calculating the average between the results
of the first and second exams. Chi squared test was used
to compare categorical variables. Student’s “t” test and
Mann Whitney test for non-parametric data. Time-to-
event analyze was conducted using the Cox proportional
hazards. Sodium intake was insert time-dependent Cox
models using the quintiles 24-h USE. Those variables
associated with outcomes in the preliminary analysis
(level of 0.05) were used model Cox. Potential confound-
ers included in the Cox models were age, smokers, eGFR,
urinary protein/creatinine excretion. The variable PTH,
serum phosphor, serum creatinine weren’t used in the
Cox model because of collinearity with eGFR. Out-
come mortality: age, eGFR, DBP, Diabetes e CVD were
included in model Cox. For all tests, statistical signifi-
cance was defined as p <0.05.
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Results
Two Hundred Ninety-two patients were screened and 88
were excluded by lack or incomplete 24-h urine samples.
The mean follow-up was 2.6 years. The baseline charac-
teristics were presented in Tables 1 and 2. Two hundred
five patients were included with a mean age of 64.8 years.
Most patients were male (53,1%) and had a high pro-
portion of whites (94,7%). At baseline, urinary protein
excretion was 0,3 g/24 h and the mean eGFR was 26 ml/
min/1.73 m2. The most common cause of CKD was
hypertension. The majority of patients was hypertensive
(97,4%) and 81,5% were in use of RAS blockade.

Based on the mean USE during the observational
period, 205 patients were categorized into quintiles
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(n=41) with the respective intervals: 1st quintile:
0.54-2.51 g; 2nd quintile: 2.52-3.11 g, 3rd quintile:
3.12-3.97 g, 4th quintile: 3.98-5.24 g and 5th quintile:
5.26-13.80 g. The average sodium daily intake of the
participants was 3.9 g, which represents about 9.75 g of
sodium chloride.

Thirty Seven patients (18%) reached the primary out-
come.These patients had higher values of: serum cre-
atinine, proteinuria, serum phosphor, urinary protein/
creatinine excretion, parathyroid hormone and smok-
ers. Age and eGFR were lower in patients who reached
the primary outcome (Tables 1 and 2). The quintiles of
USE showed marginal statistical differences in relation
to the renal outcome (Tables 1 and 2).

Table 1 Demographic and clinical data of patients according to the outcomes renal

Overall Outcome
With Whitout P value

(n=205) (n=37) (n=168)
Age (years) 64.8£12.7 55.2+12.4 66.9+15.6 <0.01
Men (%) 53.1 48.6 54.2 0.67
Race (%)
Black 4.8 54 4.8
Other 0.5 27 0 0.4
White 94.7 91.9 92.2
School graduate (%)
< Elementary scholl 80.5 73,0 82.2
First school 7.8 10.8 71 0.3
Secondary school 9.8 16.2 8.3
Higher education 1.9 0 24
Current smoking (%) 11.9 27 8.3 <0.01
Weekly alcohol drinking (%) 4.7 8.1 3.9 0.56
Cause of CKD (%)
Hypertension 40 324 4.7
Diabetes 17.5 216 16.1 0.45
Glomerular 5.9 10.8 54
Other 36.6 35.2 36.8
Hypertension (%) 97.4 100 96.9 0.64
Diabetes (%) 39.1 37.8 39.5 0.98
CVD (%) 395 43.2 38.6 0.74
Dyslipidemia (%) 78.2 75.6 78.8 0.87
Antihypertensives
Diuretics 81.7 82.6 81.5 0.9
RAS blocker 815 89.2 79.8 0.18
Others 26.3 18.9 27.9 0.26
Class antihypertensives (n) 2(2-3) 2(2-3) 2(1-3) 0.42
SBP mean (mm Hg) 134.4£18.1 134.91£16.1 134.3£18.5 0.85
DBP mean (mm Hg) 78.8+10.7 82.1£10.4 78.2£10.7 0.06
BMI (Kg/m2) 25.845.3 25.54£3.8 26.2+4.8 0.4

CKD Chronic kidney disease, CVD Cardiovascular disease, RAS blocker Blockers system renin-angiotensin, SBP Systolic blood pressure, DBP Diastolic blood pressure,

BMI Body mass index
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Table 2 Laboratory data of patients according to the outcomes renal

Overall Outcome
(n=205) With (n=37) Whitout (n=168) P value

Intervals of urinary sodium excretion (g)

0.54 - 2.51 41 18.9% 20.2%

2.52-3.11 41 10.8% 22.1% 0.08
3.12-3.97 41 21.6% 19.6%

3.98-5.24 41 35.1% 16.7%

5.26 - 13.80 41 13.6% 21.4%

Uric acid (mg/dL) 6.9+1.9 6.8+2.0 6.9+1.9 0.59
Serum Calcium (mg/dL) 9.6+0.5 9.5+0.4 9.6+0.5 0.08
eGFR (mL/min/1,73m?) 26(19-41) 20(16-24) 28(19-42) <0.01
Urinary creatinine excretion (mg/24H) 913(699-1168) 974(837-1171) 882(670-1165) 0.14
nPNA (g/kg) 0.8+0.2 0.8+0.2 0.8+0.3 0.63
Serum Creatinine (mg/dL) 2,611 3.5¢1.6 2.4+0.9 <0.01
Serum phosphor (mg/dL) 4.1£0.7 4.5+0.9 4.04£0.6 <0.01
CRP (ml/dcl) 0.5(0.2-0.95) 0.5(0.2-1.31) 0.5(0.2-0.9) 0.65
Serum potassium (mEg/L) 4.9+0.5 5.0£0.6 4.8+0.5 0.11
Urinary potassium excretion (mEq/24h) 40.2+17.9 38.0£17.5 40.8+18.0 0.41
Plasma Albumin (g/L) 4.2+0.4 4.210.4 4.2+0.4 0.37
Urinary protein excretion (g/24 h) 0.3(0.17-0.6) 0.6(0.4-2.1) 0.3(0.2-0.6) <0.01
Urinary Protein/creatinine excretion (g/g) 0.4(0.2-0.7) 0.7(0.4-2.1) 0.3(0.2-0.6) <0.01
PTH (pg/ml) 111(74-160) 134(81-177) 96(62-145) 0.03
Serum sodium (mEg/L) 140.6+3.0 140.1£2.8 140.7£3.0 0.33
Urinary sodim excretion (mEq/24h) 166.3175.3 166.3159.3 166.3178.7 0.12
Urinary sodim excretion (g) 3.9+1.7 3.9t1.4 3.9+1.8 0.12

eGFR estimated glomerular filtration rate, npna: protein nitrogen, CRP C-reative protein, PTH Parathyroid hormone

In the adjusted Cox analysis that modeled USE as
quintiles, 2nd quintile (2.52-3.11 g) was significantly
associated with lower risk of progression to ESRD (HR
0.246; 95% CI 0.066—0.912); (Table 3). There were not

Table 3 Time-dependent Cox model, according to the outcomes renal

HR (95% Cl) P value
Age (year) 0.956 (0.934-0.79) <0.00
Smokers
Never
Active 4.247 (1.687-10.689) 0.02
Inactive 2.408 (1.035-5.602) 0.041
eGFR (mL/min/1,73m?) 0.941 (0.91-0.973) <0.001
Urinary Protein/creatinine excretion (g/g) 1.501 (1.179-1.910) 0.001
Intervals of urinary sodium excretion (g)
0.54 - 2.51
252-3.11 0.245 (0.066-0.912) 0.036
3.12-3.97 0.787 (0.260-2.380) 0.671
3.98-524 0.770 (0.263-2.260) 0.634
5.26 - 13.80 0.741 (0.219- 2.509) 0.63

eGFR estimated glomerular filtration rate

Page 4 of 9

associations between the others quintiles USE and pri-
mary outcome. Age, smokers, eGFR, urinary protein/
creatinine excretion were included in the model Cox
(Table 3). Variables that show collinearity with eGFR
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(PTH, serum phosphor, serum creatinine) were excluded
from the model. This result lightly demonstrated a “U”
shaped curve (Fig. 1).

During the follow-up, 52 patients (25%) died. The
causes of mortality were: 23 (44%) infectious disease, 18
(35%) CVD, five (10%) malignancies and six (12%) deaths
to others causes. Variables that showed statistical differ-
ences in relation to the secondary outcome were: age,
previous CVD, eGFR and urinary creatinine excretion
(Tables 4 and 5).

In the model Cox adjusted for: quintiles USE, age,
eGFR, DBP, diabetes and DCV was not significant asso-
ciation with mortality. The variables DBP and diabetes,
even without statistical significance in the preliminary
analyzes, were included in the model to be considered
risk factors to the outcome. Finally, only age achieved a
statistically significant (HR 1.048; 95% CI 1.015-1.081);
(Table 6).

Discussion
This study showed that urinary sodium excretion (as a
surrogate for sodium intake) between 2.52-3.11 g/day
was associated with a lower risk ESRD when compared
with the reference 0.54 — 2.51 g/day. No other urinary
sodium excretion quintile was associated with the pri-
mary outcome. Likewise, was not significant association
with mortality.

Studies that evaluated the association between sodium
intake and renal outcome obtained some different results
[13, 24]. In the reanalysis of REIN-2 study, it was reported
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that sodium intake greater than 4.59 g/day was associated
with increased risk of CKD progression [24]. This study
suggests that sodium intake attenuates the antiproteinu-
ric effect of angiotensin converting enzyme inhibitors
therapy. However, when adding the proteinuria variable
to the model, there was a loss of significance.

He et al. showed that urinary sodium excretion above
4.47 g was associated with 54% increase risk of CKD pro-
gression [13]. The cohort mentioned were composed by
a high proportion of black patients, who classically have
greater sodium sensitivity than whites. Our cohort was
composed predominantly for whites.

In the studies cited above, higher sodium intakes were
associated with CKD progression in models without the
variable proteinuria. In the current study, the association
between the second quintile of sodium and renal failure
was obtained after adjustment for proteinuria. This asso-
ciation was independent of protein intake and BP.

In humans, a moderate restriction in sodium intake
potentiates the antiproteinuric and antihypertensive
effects of renin angiotensin system blockers [25]. How-
ever, others authors have proposed that daily sodium
intakes lower than 2.0 g are associated with: vascular
endothelial injury and inflammation [30]; rennin angio-
tensin system activation, increased levels of angioten-
sin II and NADPH oxidase and reactive oxygen species
production [31], and sympathetic system activation
[30]. Therefore, we could suggest that sodium moderate
intake reduction attenuates the CKD progression, but an
extreme restriction intake of this ion is not protective.

2,5

15

HR (95% Cl)

0,5

(@) p=0,036

<2,4 2,5-3,1 3,2-3,9

creatinine excretion

Intervals of Urinary Sodium Excretion (g/24h)
Fig. 1 Association between urinary sodium excretion and risk renal failure (Cox Analyze). *Adjusted for age, eGFR smoker and urinary protein/

4,0-4,9 >5,0
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Table 4 Demographic and clinical data of patients according to the outcomes death

Overall Outcome
With Whitout P value

(n=205) (n=52) (n=153)
Age (years) 64.8+12.7 72412.3 62.2+15.9 0.05
Men (%) 53.1 48.1 54.9 0.49
Race (%)
Blacks 4.8 5.8 4.6
Asiaticos 0.5 0 0.7 0.78
Whites 94.7 94.2 94.8
School graduate (%)
< Elementary scholl 80.5 84.6 791
First school 7.8 58 8.5
Secondary school 9.8 9.6 9.8 0.76
Higher education 1.9 0 2.6
Current smoking(%) 11.9 18.4 9.7 0.27
Weekly alcohol drinking (%) 4.7 8.2 3.5 0.31
Causes of CKD (%)
Hypertension 40 36.8 419
Diabetes 17.5 19.7 16.3 0.7
Glomerular 5.9 79 4.7
Other 36.6 35.6 371
Hypertension (%) 97.5 100 96.6 0.19
Diabetes (%) 39.1 48 36.2 0.14
CVD (%) 40 60.4 35.5 <0.001
Dyslipidemia (%) 78.2 76.6 78.8 0.7
Antihypertensives
Diuretics 81.7 84 80.2 0.59
RAS blocker 81.5 85.5 79.1 0.25
Others 26.3 211 295 0.1
Class antihypertensives (n) 2(2-3) 2(2-3) 2(2-3) 0.77
SBP mean (mm Hg) 134.4+18.1 130.2+20.4 135.7+17 0.19
DBP mean (mm Hg) 78.8+10.7 74.3+10.6 80.4+10.4 0.71
BMI (Kg/im2) 25.8+5.3 25.0+3.8 26.2+4.8 0.16

CKD Chronic kidney disease, CVD Cardiovascular disease, RAS blocker Blockers system renin-angiotensin, SBP Systolic blood pressure, DBP Diastolic blood pressure, BM/

Body mass index

Thus, an efficient strategy for practical recommendations
is not prescribing extreme restrictions, which will com-
promise patients’ quality of life.

An interesting finding of this study was that smokers
evidenced greater risk to ESRD. This result corroborates
to previous research [32, 33]. Experimental data showed
that nicotine acts in the proximal tubule causing biosyn-
thesis of pro-fibrotic and pro-inflammatory cytokines,
which can accelerate the CKD progression [34], besides
promotes deregulation of vasoconstrictor and vasodilator
mediators [35] (39).

In relation to the mortality outcome, Mills et al. [26]
reported that patients with established CVD and sodium
intake above 4.54 g/day were associated with high risk
for CVD [27]. In the present study, we did not obtain

significant associations between the different quintiles of
urinary sodium excretion and mortality (including car-
diovascular causes). When comparing the two studies,
Mills’ study [26] also contained a higher proportion of:
black, hypertensive, obese, smokers and diabetic patients.
Factors risk known to cardiovascular mortality.

Our study should be interpreted taking into account
its limitations. First, this is an observational study
which does not allow definitive conclusions on the cau-
sality of the association between sodium intake and
outcomes. Only two 24-h urine samples may not be
enough to estimate the usual sodium intake with pre-
cision, but most studies have performed only a single
dosage. As points positive: was added the proteinuria in
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Table 5 Laboratory data of patients according to the outcomes death

Overall Outcome

(n=205) With (n=52) Whitout (n=153) P value
Intervals of urinary sodium excretion (g)
0.54-2.51 41 19.2% 20.3%
2.52-3.11 41 28.8% 17.%
3.12-3.97 41 21.2% 19.6% 0.37
3.98-5.24 41 15.4% 21.6%
5.26-13.80 41 15.4% 21.5%
Uric acid (mg/dL) 6.9+1.9 6.7+2.3 6.9£1.7 0.15
Serum Calcium (mg/dL) 9.6+0.5 9.6+0.5 9.6+0.5 0.27
eGFR (mL/min/1,73m?) 26(19-41) 22.4(15-34) 27.1(19-41) <0.01
Urinary creatinine excretion (mg/24H) 913(699-1168)  815(639-1030)  953(717-1283) 0.01
nPNA (g/kg) 0.8+0.2 0.8+0.2 0.8+0.3 0.25
Serum Creatinine (mg/dL) 2,611 2.7£1.2 2511 0.26
Serum phosphor (mg/dL) 4.1£0.7 4.3+0.8 4.0£0.7 0.15
CRP (ml/dcl) 0.5(0.2-0.95) 0.5(0.3-1.3) 0.5(0.2-0.9) 0.15
Serum potassium (mEg/L) 4.920.5 4.920.5 4.9+0.5 0.93
Urinary potassium excretion (mEqg/24h) 40.2+17.9 37.7£14.8 41.2418.8 0.18
Plasm Albumin (g/L) 42104 4.1+04 43104 0.19
Urinary protein excretion (g/24h) 0.3(0.17-0.6) 0.3(0.2-0.6) 0.4(0.2-0.7) 0.71
Urinary Protein/creatinine excretion (g/g 0.4(0.2-0.7) 0.3(0.2-0.6) 0.4(0.2-0.8) 0.8
PTH (pg/ml) 111(74-160) 118(70-176) 108(74-152) 0.5
Serim sodium (mEg/L) 140.613.0 140.3+2.9 140.83.0 0.9
Urinary sodium excretion (mEg/24h) 166.3£75.3 157.7£82.9 169.2+72.8 0.65
Urinary sodium excretion (g) 3.9+1.7 3.7¢1.9 3.9+1.7 0.65

eGFR estimated glomerular filtration rate, npna protein nitrogen, CRP C- reative protein, PTH Parathyroid hormone

Table 6 Time-dependent Cox model, according to the outcomes death

HR(95% Cl) P value

Age (year) 1.048 (1.015-1.081 ) 0.003
eGFR (mL/min/1,73m?) 0.976 (0.948-1.004) 0.092
DBP (mmHg) 0.979 (0.945-1.015) 0.251
Diabetes 1.625 (0.863-3.059) 0.133
CVD 1.371 (0.734-2560) 0.323
Intervals of urinary sodium excretion (g)

054 - 2.51 1

2.52-3.11 1.917 (0.807 - 4.556) 0.14
3.12-3.97 1.107 (0.422 - 2.904) 0.836
3.98-5.24 0.095 (0.293 - 3.084) 0.932
5.26 - 13.80 1.158 (0.388 - 3.462) 0.793

eGFR estimated glomerular filtration rate, DBP Diastolic blood pressure, CVD Cardiovascular disease

the model Cox because is an important factor in CKD
progression. In addition, we performed a measurement
of sodium intake by the method of 24-h USE, which is

non-dialysis CKD patients.
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considered the gold standard [36]. Finally, there were
no previous Brazilian studies reporting an association
between sodium intake with ESRD and mortality in
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Conclusion

In conclusion, in this longitudinal study, moderate
sodium intake was associated with a lower risk of pro-
gression to renal failure in patients with established
CKD. Further studies are needed confirm the association
between sodium intake and outcomes in non-dialysis
CKD patients.
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