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Introduction 
Heart failure (HF) syndrome was first described as an 

emerging epidemic almost 30 years ago. Due to population 
growth and aging, the total number of patients with HF has 
increased over the past years. Acute decompensated HF 
(ADHF) is estimated to be the leading cause of hospitalization, 
based on data available from 50% of the South American 
population.1

The standard treatment for patients with ADHF includes 
diuretics, vasodilators, and sodium restriction.

The recommendation of sodium restriction has been 
historically and heuristically based on sodium-related fluid 
retention and, in a patient with congestive HF, one would 
expectedly avoid anything that promotes fluid retention.

Therefore, sodium restriction has undoubtedly been the 
most frequently recommended self-care strategy for patients 
with ADHF.2 

However, with the contemporary understanding of the 
pathophysiology of HF, in which treatments involve inhibition 
or activation of neuroendocrine systems, sodium restriction 
could have a negative effect on patients due to the activation 
of the renin-angiotensin-aldosterone system (RAAS), heart 
rate increase, and reduction in energy and protein intake, 
leading to cachexia.

This review aims to analyze the existing literature including 
both randomized and nonrandomized clinical trials on the 
effects of sodium restriction in ADHF.

Why may sodium restriction not be beneficial?
We, homo sapiens, have been “designed” to retain 

sodium. Our kidneys have long serpentines, the loop of 
Henle, which has a complex and efficient mechanism of 
sodium retention. And thanks to this sodium retention 
capacity, particularly considering the mammals in the scale 
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of evolution, we, human beings can live out of the water. 
Amphibians, for example, are not completely terrestrial as 
they have kidneys with a smaller loop, and hence a lower 
sodium retention capacity.3

Our sodium retention capacity is also due to the 
evolutionary development of the AARS. This system 
is particularly activated in situations that cause renal 
hypoperfusion, including dehydration, bleeding, burns, 
and as we know, HF. Today, thanks to four decades of 
advances in the understanding of HF, it is known that 
interventions that inhibit the RAAS are proven to be 
beneficial. These include angiotensin-converting-enzyme 
inhibitors (ACEI),4 angiotensin receptor blockers (ARB),5 
aldosterone inhibitors (spironolactone and eplerenone),6 
betablockers (indirectly),7 and angiotensin receptor-
neprilysin inhibitor (ARNi).8    

On the other hand, situations that activate the RAAS are 
proven to be harmful to HF patients. These include severe 
hypovolemia, hypotension, erythropoietin,9 adrenaline 
(indirectly),10 and furosemide.

In this balance between benefits and harms, we must 
consider that sodium restriction acts as an activating factor 
of the RAAS, whereas sodium administration acts as an 
inhibitor factor of the system.11 Thus, in an era in which HF 
treatment is based on neurohormonal systems, interventions 
that activate the RAAS, such as sodium restriction, may be 
deleterious (Figure 1).        

Analysis of the best available evidence
We selected studies that evaluated the effect of interventions 

for sodium intake (e,g, low sodium intake) for patients aged 
≥ 18 years, admitted for treatment of ADHF. 

Studies that evaluated sodium intake as a continuous 
exposure (i.e., not prescribed), studies conducted in the 
emergency department (without admission) and those 
without a control group were not included. We searched for 
peer-reviewed articles in Medline (via PubMed), Embase, 
ClinicalTrials.gov, CINAHL and Cochrane Database of 
Systematic Reviews until August 2023. Using these criteria, 
five clinical trials were analyzed and compared (Table 1). 

Conclusions
To date, five studies (four clinical trials and one 

nonrandomized), with a total of 411 patients, compared a 
sodium-restricted diet with a high-sodium diet (unrestricted 
in four studies) in patients admitted with ADHF. Currently 
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Figure 1 – Factors that lead to inhibition or activation of the renin-angiotensin-aldosterone system (RAAS) in patients with acute decompensated heart failure. 
ACEI: angiotensin-converting-enzyme inhibitors; ARB: angiotensin receptor blockers; ARNi: angiotensin receptor-neprilysin inhibitor.

• Hypovolemia
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• Adrenaline (indirectly)
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• ACEI
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• ARNi
• Sodium administration

Activate the RAASInhibit the RAAS

Table 1 - Summary of the results of the mains studies on dietary sodium restriction in patients with acute heart failure available until 
August 2023

Velloso et al.12 Aliti et al.13 Inuzuka et al.14 Machado d’Almeida 
et al.15 Fabricio et al.16 

Year 1991 2013 2016 2018 2019

Country Brazil Brazil Japan Brazil Brazil

N
Intervention: 14

Control: 18
Intervention: 38

Control: 37
207

Intervention: 30
Control: 23

Intervention: 22
Control: 22

Randomized Yes Yes No Yes Yes

Centers Single-center Single-center Non-available Single-center Single-center

Inclusion criteria 
NYHA: III - IV

Boston criteria ≥ 8, 
EF ≤ 45%

Less than 36h of 
hospitalization for 

randomization Age ≥18 
years

NYHA: II-IV, 
Median BNP = 856 

pg/mL

EF ≥50%, Age ≥18 
years; clinical signs 

of congestion, 
dyspnea, orthopnea 

in the last week, 
BNP > 100 pg/mL

Framingham criteria, 
Age ≥18 years

Mean age (years) 54 60 79 72 58

NYHA III-IV III-IV II-IV II-IV Non-available 

LVEF (mean) 34,8 26 Not available 61 29

Intervention
Sodium-restricted diet 

(2 g/day)

Sodium-restricted (0.8 g/
day) and fluid-restricted 

(800 mL/day) diet

Sodium-restricted 
diet (6 g/day)

Sodium-restricted 
(0.8 g/day) and fluid-
restricted diet (800 

mL/day)

Sodium-restricted 
(3 g/day) and fluid-

restricted (1000 mL/
day)

Control
Norma-sodium diet (10 

g/day)
Diet with no restrictions

Norma-sodium diet 
(10 g/day)

Diet with no 
restrictions 

Norma-sodium (7 g/
day), fluid-restricted  
diet (1000 mL/day)

Intervention duration 

7,5 days (median) for 
the intervention group 

and 6.6 days(median) for 
the control group 

6 days (median) Not available 5 days (median) 7 days

Follow-up duration Not available 30 days Not available

7 days for the 
primary outcome 

and 30 days for the 
secondary outcomes  

7 days

Primary outcome
Clinical improvement 
(recovery to NYHA I 

or II)

Weight loss and clinical 
stability in three days, 

thirst sensation, hospital 
readmission in 30 days  

Energy intake Weight loss
Difference in serum 

sodium 

Difference in the primary 
outcome 

No
Increase in thirst 

sensation 

Low energy intake 
in the group with 
sodium restriction 

Lower energy-
protein intake in the 
group with sodium 

restriction 

Yes

EF: ejection fraction; BNP: brain natriuretic peptide; LVEF: left ventricular ejection fraction
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available evidence allows us to conclude that a sodium-
restricted diet: 

1. Did not have a significant impact on symptoms (clinical 
congestion score and HF symptoms), on the dose of diuretics 
prescribed during hospitalization, on the hospital length of 
stay, or on readmission within 30 days;

2. Did not have a significant impact on intermediate 
outcomes like serum creatinine, urea, brain natriuretic peptide, 
diuresis, serum aldosterone or plasma renin activity;

3. Caused a significant reduction in energy intake as 
compared to an unrestricted diet;

4. Did not provide enough data to draw conclusions about 
mortality.

Author Contributions
Conception and design of the research, Acquisition 

of data and Writing of the manuscript: Beck-da-Silva L; 
Analysis and interpretation of the data: Butzke M; Critical 

revision of the manuscript for important intellectual 
content: Beck-da-Silva L, Butzke M.

Potential conflict of interest 
No potential conflict of interest relevant to this article was 

reported. 

Sources of funding 
There were no external funding sources for this study. 

Study association 
This study is not associated with any thesis or dissertation 

work.

Ethics approval and consent to participate 
This article does not contain any studies with human 

participants or animals performed by any of the authors.

1.	 Bocchi EA. Heart Failure in South America. Curr Cardiol Rev. 2013;9(2):147-
56. doi: 10.2174/1573403x11309020007.

2.	 Gupta D, Georgiopoulou VV, Kalogeropoulos AP, Dunbar SB, Reilly CM, 
Sands JM, et al. Dietary Sodium Intake in Heart Failure. Circulation. 
2012;126(4):479-85. doi: 10.1161/CIRCULATIONAHA.111.062430.

3.	 Smith HW. From Fish to Philosopher. Boston: Little; 1953.

4.	 CONSENSUS Trial Study Group. Effects of Enalapril on Mortality in Severe 
Congestive Heart Failure. Results of the Cooperative North Scandinavian 
Enalapril Survival Study (CONSENSUS). N Engl J Med. 1987;316(23):1429-
35. doi: 10.1056/NEJM198706043162301.

5.	 McMurray JJ, Ostergren J, Swedberg K, Granger CB, Held P, Michelson EL, et 
al. Effects of Candesartan in Patients with Chronic Heart Failure and Reduced 
Left-Ventricular Systolic Function Taking Angiotensin-Converting-Enzyme 
Inhibitors: the CHARM-Added Trial. Lancet. 2003;362(9386):767-71. doi: 
10.1016/S0140-6736(03)14283-3.

6.	 Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The Effect 
of Spironolactone on Morbidity and Mortality in Patients with Severe Heart 
Failure. Randomized Aldactone Evaluation Study Investigators. N Engl J Med. 
1999;341(10):709-17. doi: 10.1056/NEJM199909023411001.

7.	 The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): A Randomised Trial. 
Lancet. 1999;353(9146):9-13.

8.	 McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al. 
Angiotensin-Neprilysin Inhibition versus Enalapril in Heart Failure. N Engl J 
Med. 2014;371(11):993-1004. doi: 10.1056/NEJMoa1409077.

9.	 Swedberg K, Young JB, Anand IS, Cheng S, Desai AS, Diaz R, et al. Treatment 
of Anemia with Darbepoetin Alfa in Systolic Heart Failure. N Engl J Med. 
2013;368(13):1210-9. doi: 10.1056/NEJMoa1214865.

10.	 Francis GS, Cohn JN, Johnson G, Rector TS, Goldman S, Simon A. Plasma 
Norepinephrine, Plasma Renin Activity, and Congestive Heart Failure. 
Relations to Survival and the Effects of Therapy in V-Heft II. The V-Heft VA 
Cooperative Studies Group. Circulation. 1993;87(6 Suppl 1):VI40-8.

11.	 Okuhara Y, Hirotani S, Naito Y, Nakabo A, Iwasaku T, Eguchi A, et al. 
Intravenous Salt Supplementation with Low-Dose Furosemide for Treatment 
of Acute Decompensated Heart Failure. J Card Fail. 2014;20(5):295-301. 
doi: 10.1016/j.cardfail.2014.01.012.

12.	 Velloso LG, Alonso RR, Ciscato CM, Barretto AC, Bellotti G, Pileggi F. Diet 
with Usual Quantity of Salt in Hospital Treatment of Congestive Heart 
Insufficiency. Arq Bras Cardiol. 1991;57(6):465-8.

13.	 Aliti GB, Rabelo ER, Clausell N, Rohde LE, Biolo A, Silva LB. Aggressive 
Fluid and Sodium Restriction in Acute Decompensated Heart Failure: a 
Randomized Clinical Trial. JAMA Intern Med. 2013;173(12):1058-64. doi: 
10.1001/jamainternmed.2013.552.

14.	 Inuzuka Y, Kisimori T, Inoue T, Seki J, Takeda S, Okada M, et al. Sodium 
Restriction Is Associated with Low Caloric Intake in Patients Hospitalized 
With Acute Decompensated Heart Failure. J Card Fail. 2016;22(9):226. doi: 
10.1016/j.cardfail.2016.07.391.

15.	 d’Almeida KSM, Silva ERR, Souza GC, Trojahn MM, Barilli SLS, Aliti G, et al. 
Aggressive Fluid and Sodium Restriction in Decompensated Heart Failure 
with Preserved Ejection Fraction: Results from a Randomized Clinical Trial. 
Nutrition. 2018;54:111-7. doi: 10.1016/j.nut.2018.02.007.

16.	 Fabricio CG, Tanaka DM, Gentil JRS, Amato CAF, Marques F, Schwartzmann 
PV, et al. A Normal Sodium Diet Preserves Serum Sodium Levels During 
Treatment of Acute Decompensated Heart Failure: A Prospective, Blind 
and Randomized Trial. Clin Nutr ESPEN. 2019;32:145-52. doi: 10.1016/j.
clnesp.2019.03.009. 

References

This is an open-access article distributed under the terms of the Creative Commons Attribution License


