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The dietary restriction of salt intake and the adhesion to Mediterranean dietary pattern (MDP) are among the most

recommended lifestyle modifications for the prevention of cardiovascular diseases. A large amount of evidence supports

these recommendations. Likewise, findings from observational and clinical studies suggest a causal role of excess salt

intake in blood pressure increase, cardiovascular organ damage, and the incidence of cardiovascular diseases. In this

context, it is also conceivable that the beneficial effects of these two dietary patterns overlap because Mediterranean

dietary patterns are typically characterized by a large consumption of plant-based foods with low sodium content.

However, there is little data on this issue, and heterogeneous results are available on the relationship between adherence

to salt restriction and to Mediterranean dietary patterns.
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1. Overview

Non-communicable diseases (NCDs) and, in particular, cardiovascular diseases (CVD) are the leading causes of death

globally , and their reduction is a health priority . In turn, high blood pressure (BP) and unhealthy diets are major

causes of CVD .

In this context, the role of dietary salt (i.e., sodium chloride) has been extensively studied in relation to its effects on CVD.

In particular, a large body of evidence supports a causal role of excess salt intake in the increase in BP with age, in the

development of hypertension , and, eventually, in the incidence of CVD . Epidemiological evidence regarding the

strong relationship between salt intake, BP, and hypertension was provided over 30 years ago , and was confirmed

thereafter by numerous studies . In particular, recent results of the CARDIA study indicated that in a sample of initially

normotensive young participants (mean age: 30 years), an average salt consumption of 14 g per day was associated with

a 53% higher risk of hypertension than with a consumption of approximately 3 g per day over a 25-year follow-up period

.

Excess salt intake has detrimental effects on endothelial function, contributes to the salt sensitivity of BP, activates the

sympathetic nervous system, and is involved in the inflammatory response, modulating innate and adaptive immunity 

. There is experimental evidence of structural and functional alterations induced by high-salt regimens in the arterial

wall above and beyond the effect of high BP .

The results of intervention studies are in agreement with observational and experimental data. For instance, robust

evidence regarding the effect of changes of dietary salt intake on BP was provided by a seminal study, which showed a

significant increment of BP after switching a group of chimpanzees from their habitual low-salt diet to a high-salt diet for

six months, and then a switch of BP back to normal when they returned to their usual low-salt regimen . Thereafter,

several controlled clinical trials examining the effect of dietary salt intake on BP have been conducted in humans, and

their results have been the object of meta-analyses showing a favorable effect of salt intake reduction on BP in different

settings (e.g., participants with and without hypertension, diabetic patients, and patients with renal disorders) 

.

In addition to the effects on BP, many studies have indicated that elevated salt intake may promote target organ damage

and, conversely, several clinical trials have shown that salt restriction leads to an improvement in arterial stiffness ,

urinary albumin excretion , central blood pressure , and left ventricular mass .

Given the well-proven relationship between high BP and coronary, cerebrovascular, and renal outcomes, it is expected

that salt intake in turn affects the incidence of cardiovascular disorders. Indeed, many longitudinal studies have detected a
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direct association between salt intake and CVD, and in particular with stroke risk .

Recently, the Mediterranean diet has been recognized as one of the dietary models more in keeping with the model of

planetary diet conceived by the EAT–Lancet Commission as a diet for the Anthropocene . The potential beneficial

effects of a high level of adhesion to the Mediterranean dietary pattern (MDP) on CVD were hypothesized as early as in

the 1950s . That observation has inspired countless studies in which a higher degree of adhesion to the MDP was

associated with a reduced risk of all-cause mortality and CVD . In this regard, a recent meta-analysis of the effects

of seven popular structured dietary patterns has shown that only the MDP substantially reduces all-cause mortality, non-

fatal myocardial infarction, and stroke rates . The benefit toward the risk of stroke was also reported by a previous

meta-analysis showing that a higher adhesion to the MDP was associated with a lower risk of stroke in both

Mediterranean and non-Mediterranean populations, and for both the ischemic and hemorrhagic types of stroke .

Likewise, yet another meta-analysis of 16 prospective cohort studies including only women detected a significant

association between a higher adherence to the MDP and a lower incidence of total cardiovascular and coronary events,

as well as total mortality, and a weaker association between MDP adhesion and the risk of stroke . A very recent

observational study, including approximately 2000 middle-aged male and female Greek participants, showed that those

who sustained a high degree of adhesion to the MDP over the years had the lowest 20-year CVD risk . In agreement

with these results, other prospective cohort studies provided evidence that high adherence to the MDP improves survival

in people with a history of CVD . In keeping with the evidence on the relationship between MDP and the risk of

cardiovascular events, several studies have also provided evidence of the association between the MDP and numerous

cardiovascular risk factors. Thus, adhesion to the MDP was associated with beneficial changes in body weight, waist

circumference, BP, insulin resistance, lipid profile, and flow-mediated arteriolar dilation . The favorable effect of the

MDP on BP was also found by two meta-analyses that detected a lower average systolic BP in participants with a higher

degree of adhesion to the MDP compared to the lower-adhesion group . In line with these results are those of

another meta-analysis including 58 studies with finding of significantly lower values of waist circumference and serum

triglyceride, and higher values of HDL-cholesterol in the high-adhesion MDP individuals . Finally, based on 16

prospective studies, a systematic review found that the greatest adhesion to the MDP was significantly associated with a

reduced risk of type 2 diabetes through a non-linear relationship .

2. Epidemiological Evidence

The first strong epidemiological evidence of the direct association between salt intake and BP was provided by the results

of the INTERSALT study, showing that the higher the habitual salt intake, the higher the average BP increase with age

and the prevalence of hypertension in different populations around the world . The detrimental effect of salt intake on

cardiovascular risk was documented by several meta-analyses, in which an unequivocal association was detected with

CVD, and in particular with stroke risk. The first of such meta-analyses, including prospective studies of samples of

general populations, indicated a direct and significant association between higher salt intake and incidence of CVD .

The analysis, including 170,000 participants and more than 11,000 vascular events, showed a 23% greater risk of stroke

and a 17% greater risk of total cardiovascular events for an average difference in salt intake of 5 g of salt per day. Further

meta-analyses substantially confirmed these trends, despite some differences in the number of studies included in the

analyses .

By the same token, looking at the epidemiological evidence on MDP, a number of prospective studies were carried out on

the association between adhesion to the MDP and health outcomes. A recent systematic review has suggested that a high

degree of adhesion to the MDP was associated with lower mortality rates in samples of general populations and in

patients with previous CVD . In addition, a separate evaluation of six prospective studies indicated that, following MDP,

the risk of CVD (i.e., coronary artery disease, stroke, and cardiovascular mortality) decreased; in particular, the reduction

in risk ranged from a hazard ratio of 0.44 to 0.71. The association was found when the adhesion to the MDP was

expressed both as a continuous and as a dichotomous variable.

Despite this consolidated individual role of low salt intake and MDP adherence in CVD, and the potential synergistic effect

of the combination of the two dietary measures, few investigations explored this issue. Nevertheless, a few studies tried to

assess the relationship between adhesion to the MDP and of the salt content of the diet in this context.

References

1. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990–2019: A
systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1223–1249.

[3][23][24]

[25]

[26]

[27][28]

[28]

[29]

[30]

[31]

[32]

[33]

[34][35]

[36]

[37]

[5]

[4]

[3][23]

[27]



2. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2019, 393, 1958–1972.

3. Aburto, N.J.; Ziolkovska, A.; Hooper, L.; Elliott, P.; Cappuccio, F.P.; Meerpohl, J.J. Effect of lower sodium intake on
health: Systematic review and meta-analyses. BMJ 2013, 346, f1326.

4. Strazzullo, P.; D’Elia, L.; Kandala, N.B.; Cappuccio, F.P. Salt intake, stroke, and cardiovascular disease: Meta-analysis
of prospective studies. BMJ 2009, 339, b4567.

5. Intersalt Cooperative Research Group. Intersalt: An international study of electrolyte excretion and blood pressure.
Results for 24–hour urinary sodium and potassium excretion. BMJ 1988, 297, 319–328.

6. Zhou, B.; Stamler, J.; Dennis, B.; Moag-Stahlberg, A.; Okuda, N.; Robertson, C.; Zhao, L.; Chan, Q.; Elliott, P.; for the
INTERMAP Research Group. Nutrient intakes of middle-aged men and women in China, Japan, United Kingdom, and
United States in the late 1990s: The INTERMAP study. J. Hum. Hypertens. 2003, 17, 623–630.

7. Khaw, K.T.; Bingham, S.; Welch, A.; Luben, R.; O’Brien, E.; Wareham, N.; Day, N. Blood pressure and urinary sodium
in men and women: The Norfolk Cohort of the European Prospective Investigation into Cancer (EPIC-Norfolk). Am. J.
Clin. Nutr. 2004, 80, 1397–1403.

8. Hisamatsu, T.; Lloyd-Jones, D.M.; Colangelo, L.A.; Liu, K. Urinary sodium and potassium excretions in young
adulthood and blood pressure by middle age: The Coronary Artery Risk Development in Young Adults (CARDIA) Study.
J. Hypertens. 2021, 39, 1586–1593.

9. Miyauchi, H.; Geisberger, S.; Luft, F.C.; Wilck, N.; Stegbauer, J.; Wiig, H.; Dechend, R.; Jantsch, J.; Kleinewietfeld, M.;
Kempa, S.; et al. Sodium as an Important Regulator of Immunometabolism. Hypertension, 2023; epub ahead of print.

10. D’Elia, L.; Strazzullo, P. Isolated systolic hypertension of the young and sodium intake. Minerva Med. 2022, 113, 788–
797.

11. Denton, D.; Weisinger, R.; Mundy, N.I.; Wickings, E.J.; Dixson, A.; Moisson, P.; Pingard, A.M.; Shade, R.; Carey, D.;
Ardaillou, R.; et al. The effect of increased salt intake on blood pressure of chimpanzees. Nat. Med. 1995, 1, 1009–
1016.

12. Filippini, T.; Malavolti, M.; Whelton, P.K.; Naska, A.; Orsini, N.; Vinceti, M. Blood Pressure Effects of Sodium Reduction:
Dose-Response Meta-Analysis of Experimental Studies. Circulation 2021, 143, 1542–1567.

13. Ren, J.; Qin, L.; Li, X.; Zhao, R.; Wu, Z.; Ma, Y. Effect of dietary sodium restriction on blood pressure in type 2 diabetes:
A meta-analysis of randomized controlled trials. Nutr. Metab. Cardiovasc. Dis. 2021, 31, 1653–1661.

14. Huang, L.; Trieu, K.; Yoshimura, S.; Neal, B.; Woodward, M.; Campbell, N.R.C.; Li, Q.; Lackland, D.T.; Leung, A.A.;
Anderson, C.A.M.; et al. Effect of dose and duration of reduction in dietary sodium on blood pressure levels: Systematic
review and meta-analysis of randomised trials. BMJ 2020, 368, m315.

15. Cole, N.I.; Swift, P.A.; He, F.J.; MacGregor, G.A.; Suckling, R.J. The effect of dietary salt on blood pressure in
individuals receiving chronic dialysis: A systematic review and meta-analysis of randomised controlled trials. J. Hum.
Hypertens. 2019, 33, 319–326.

16. D’Elia, L.; La Fata, E.; Giaquinto, A.; Strazzullo, P.; Galletti, F. Effect of dietary salt restriction on central blood pressure:
A systematic review and meta-analysis of the intervention studies. J. Clin. Hypertens. 2020, 22, 814–825.

17. He, F.J.; Li, J.; Macgregor, G.A. Effect of longer-term modest salt reduction on blood pressure: Cochrane systematic
review and meta-analysis of randomized trials. BMJ 2013, 346, f1325.

18. D’Elia, L.; Galletti, F.; La Fata, E.; Sabino, P.; Strazzullo, P. Effect of dietary sodium restriction on arterial stiffness:
Systematic review and meta-analysis of the randomized controlled trials. J. Hypertens. 2018, 36, 734–743.

19. D’Elia, L.; Rossi, G.; Schiano di Cola, M.; Savino, I.; Galletti, F.; Strazzullo, P. Meta-Analysis of the Effect of Dietary
Sodium Restriction with or without Concomitant Renin-Angiotensin-Aldosterone System-Inhibiting Treatment on
Albuminuria. Clin. J. Am. Soc. Nephrol. 2015, 10, 1542–1552.

20. Kupari, M.; Koskinen, P.; Virolainen, J. Correlates of left ventricular mass in a population sample aged 36 to 37 years.
Focus on lifestyle and salt intake. Circulation 1994, 89, 1041–1050.

21. Schmieder, R.E.; Messerli, F.H.; Garavaglia, G.E.; Nunez, B.D. Dietary salt intake. A determinant of cardiac
involvement in essential hypertension. Circulation 1988, 78, 951–956.

22. Jula, A.M.; Karanko, H.M. Effects on left ventricular hypertrophy of long-term non-pharmacological treatment with
sodium restriction in mild-to-moderate essential hypertension. Circulation 1994, 89, 1023–1031.

23. Iacoviello, L.; Bonaccio, M.; Cairella, G.; Catani, M.V.; Costanzo, S.; D’Elia, L.; Giacco, R.; Rendina, D.; Sabino, P.;
Savini, I.; et al. Diet and primary prevention of stroke: Systematic review and dietary recommendations by the ad hoc
Working Group of the Italian Society of Human Nutrition. Nutr. Metab. Cardiovasc. Dis. 2018, 28, 309–334.



24. Jayedi, A.; Ghomashi, F.; Zargar, M.S.; Shab-Bidar, S. Dietary sodium, sodium-to-potassium ratio, and risk of stroke: A
systematic review and nonlinear dose-response meta-analysis. Clin. Nutr. 2019, 38, 1092–1100.

25. Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.;
Wood, A.; et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food
systems. Lancet 2019, 393, 447–492, Erratum in: Lancet 2019, 393, 530; Erratum in: Lancet 2019, 393, 2590; Erratum
in: Lancet 2020, 395, 338; Erratum in: Lancet 2020, 396, e56.

26. Keys, A. Mediterranean diet and public health: Personal reflections. Am. J. Clin. Nutr. 1995, 61 (Suppl. 6), 1321S–
1323S.

27. Laffond, A.; Rivera-Picón, C.; Rodríguez-Muñoz, P.M.; Juárez-Vela, R.; Ruiz de Viñaspre-Hernández, R.; Navas-
Echazarreta, N.; Sánchez-González, J.L. Mediterranean Diet for Primary and Secondary Prevention of Cardiovascular
Disease and Mortality: An Updated Systematic Review. Nutrients 2023, 15, 3356.

28. Karam, G.; Agarwal, A.; Sadeghirad, B.; Jalink, M.; Hitchcock, C.L.; Ge, L.; Kiflen, R.; Ahmed, W.; Zea, A.M.;
Milenkovic, J.; et al. Comparison of seven popular structured dietary programmes and risk of mortality and major
cardiovascular events in patients at increased cardiovascular risk: Systematic review and network meta-analysis. BMJ
2023, 380, e072003.

29. Chen, G.C.; Neelakantan, N.; Martín-Calvo, N.; Koh, W.P.; Yuan, J.M.; Bonaccio, M.; Iacoviello, L.; Martínez-González,
M.A.; Qin, L.Q.; van Dam, R.M. Adherence to the Mediterranean diet and risk of stroke and stroke subtypes. Eur. J.
Epidemiol. 2019, 34, 337–349.

30. Pant, A.; Gribbin, S.; McIntyre, D.; Trivedi, R.; Marschner, S.; Laranjo, L.; Mamas, M.A.; Flood, V.; Chow, C.K.; Zaman,
S. Primary prevention of cardiovascular disease in women with a Med-iterranean diet: Systematic review and meta-
analysis. Heart 2023, 109, 1208–1215.

31. Georgoulis, M.; Damigou, E.; Chrysohoou, C.; Barkas, F.; Anastasiou, G.; Kravvariti, E.; Tsioufis, C.; Liberopoulos, E.;
Sfikakis, P.P.; Pitsavos, C.; et al. Mediterranean diet trajectories and 20-year incidence of cardiovascular disease: The
ATTICA cohort study (2002-2022). Nutr. Metab. Cardiovasc. Dis. 2024, 34, 153–166.

32. Tang, C.; Wang, X.; Qin, L.Q.; Dong, J.Y. Mediterranean Diet and Mortality in People with Cardiovascular Disease: A
Meta-Analysis of Prospective Cohort Studies. Nutrients 2021, 13, 2623.

33. Papadaki, A.; Nolen-Doerr, E.; Mantzoros, C.S. The Effect of the Mediterranean Diet on Metabolic Health: A Systematic
Review and Meta-Analysis of Controlled Trials in Adults. Nutrients 2020, 12, 3342.

34. Bakaloudi, D.R.; Chrysoula, L.; Leonida, I.; Kotzakioulafi, E.; Theodoridis, X.; Chourdakis, M. Impact of the level of
adherence to the Mediterranean Diet on blood pressure: A systematic review and meta-analysis of observational
studies. Clin. Nutr. 2021, 40, 5771–5780.

35. Filippou, C.D.; Thomopoulos, C.G.; Kouremeti, M.M.; Sotiropoulou, L.I.; Nihoyannopoulos, P.I.; Tousoulis, D.M.;
Tsioufis, C.P. Mediterranean diet and blood pressure reduction in adults with and without hypertension: A systematic
review and meta-analysis of randomized controlled trials. Clin. Nutr. 2021, 40, 3191–3200.

36. Bakaloudi, D.R.; Chrysoula, L.; Kotzakioulafi, E.; Theodoridis, X.; Chourdakis, M. Impact of the Level of Adherence to
Mediterranean Diet on the Parameters of Metabolic Syndrome: A Systematic Review and Meta-Analysis of
Observational Studies. Nutrients 2021, 13, 1514.

37. Sarsangi, P.; Salehi-Abargouei, A.; Ebrahimpour-Koujan, S.; Esmaillzadeh, A. Association between Adherence to the
Mediterranean Diet and Risk of Type 2 Diabetes: An Updated Systematic Review and Dose-Response Meta-Analysis
of Prospective Cohort Studies. Adv. Nutr. 2022, 13, 1787–1798.

Retrieved from https://www.encyclopedia.pub/entry/history/show/126301


