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Abstract
Objective To assess the effect of decreased sodium intake on blood pressure, related cardiovascular diseases, and potential adverse effects such as changes in blood lipids, catecholamine levels, and renal function.
Design Systematic review and meta-analysis.
Data sources Cochrane Central Register of Controlled Trials, Medline, Embase, WHO International Clinical Trials Registry Platform, the Latin American and Caribbean health science literature database, and the reference lists of previous reviews.
Study selection Randomised controlled trials and prospective cohort studies in non-acutely ill adults and children assessing the relations between sodium intake and blood pressure, renal function, blood lipids, and catecholamine levels, and in non-acutely ill adults all cause mortality, cardiovascular disease, stroke, and coronary heart disease.
Study appraisal and synthesis Potential studies were screened independently and in duplicate and study characteristics and outcomes extracted. When possible we conducted a meta-analysis to estimate the effect of lower sodium intake using the inverse variance method and a random effects model. We present results as mean differences or risk ratios, with 95% confidence intervals.
Results We included 14 cohort studies and five randomised controlled trials reporting all cause mortality, cardiovascular disease, stroke, or coronary heart disease; and 37 randomised controlled trials measuring blood pressure, renal function, blood lipids, and catecholamine levels in adults. Nine controlled trials and one cohort study in children reporting on blood pressure were also included. In adults a reduction in sodium intake significantly reduced resting systolic blood pressure by 3.39 mm Hg (95% confidence interval 2.46 to 4.31) and resting diastolic blood pressure by 1.54 mm Hg (0.98 to 2.11). When sodium intake was <2 g/day versus ≥2 g/day, systolic blood pressure was reduced by 3.47 mm Hg (0.76 to 6.18) and diastolic blood pressure by 1.81 mm Hg (0.54 to 3.08). Decreased sodium intake had no significant adverse effect on blood lipids, catecholamine levels, or renal function in adults (P>0.05). There were insufficient randomised controlled trials to assess the effects of reduced sodium intake on mortality and morbidity. The associations in cohort studies between sodium intake and all cause mortality, incident fatal and non-fatal cardiovascular disease, and coronary heart disease were non-significant (P>0.05). Increased sodium intake was associated with an increased risk of stroke (risk ratio 1.24, 95% confidence interval 1.08 to 1.43), stroke mortality (1.63, 1.27 to 2.10), and coronary heart disease mortality (1.32, 1.13 to 1.53). In children, a reduction in sodium intake significantly reduced systolic blood pressure by 0.84 mm Hg (0.25 to 1.43) and diastolic blood pressure by 0.87 mm Hg (0.14 to 1.60).
Conclusions High quality evidence in non-acutely ill adults shows that reduced sodium intake reduces blood pressure and has no adverse effect on blood lipids, catecholamine levels, or renal function, and moderate quality evidence in children shows that a reduction in sodium intake reduces blood pressure. Lower sodium intake is also associated with a reduced risk of stroke and fatal coronary heart disease in adults. The totality of evidence suggests that most people will likely benefit from reducing sodium intake.

Introduction
Non-communicable diseases are the leading cause of death globally.1 In 2005, cardiovascular diseases accounted for 30% of all deaths, the equivalent of infectious disease, nutritional deficiency, and maternal and perinatal conditions combined.2 Raised blood pressure and hypertension are major risk factors for cardiovascular diseases and are estimated to contribute to 49% of all coronary heart disease and 62% of all stroke events.3 Hypertension currently affects nearly half of adults globally, with an even greater number experiencing raised blood pressure.4 Thus raised blood pressure, hypertension, and related non-communicable diseases are among the most important public health problems globally, and renewed efforts (including non-drug approaches) are urgently required to tackle this major public health burden. Increased sodium consumption is associated with increased blood pressure,5 whereas reduced sodium consumption decreases blood pressure.6 7 8 9 Sodium is an essential nutrient necessary for maintenance of plasma volume, acid-base balance, transmission of nerve impulses, and normal cell function,10 11 and the minimum daily required intake is estimated at 200-500 mg.10 12 Data from around the world suggest that average sodium consumption is well above that needed for physiological function and in many countries is greater than 2 g/day (equivalent to 5 g of salt daily), the value recommended by the 2002 joint World Health Organization/Food and Agriculture Organization of the United Nations expert consultation9 13 and the 2007 WHO guideline.14 Many dietary components contain sodium, and cultural context and dietary habits determine the primary contributors to a population’s sodium intake.13 15 In addition to being a main chemical component in common table salt, sodium is found naturally in foods such as milk, meat, and shellfish. Many condiments such as soy and fish sauces, and processed foods such as breads, crackers, meats, and snack foods often contain high amounts of sodium. Thus a diet high in processed foods and low in fresh fruits and vegetables is often high in sodium, putting people at risk for raised blood pressure and related non-communicable diseases.
Several recent systematic reviews of randomised controlled trials concluded that reducing sodium intake decreases blood pressure in adults with or without hypertension.8 16 17 18 19 Increased sodium intake has also been associated with cardiovascular diseases.14 20 A recent meta-analysis of 13 cohort studies concluded that there was a direct relation between increased sodium consumption and subsequent risk of cardiovascular disease and stroke.20 Recently published cohort studies not incorporated in that review were not consistent with those results21 22; however, they had methodological limitations.23 24 25 Additionally, a recent systematic review of randomised controlled trials detected no relation between sodium consumption and cardiovascular disease.26 However, the analysis was underpowered to detect a relation, as few long term randomised controlled trials have been conducted with these outcomes.24 25 In addition to these inconsistent results, some researchers have expressed concern that reduced sodium intake might also lead to adverse effects on health such as unhealthy changes in blood lipids, catecholamine levels, and renal function.18 27 28
To clarify the relation between sodium consumption and related non-communicable diseases, the WHO Nutrition Guidance Expert Advisory Group Subgroup on Diet and Health was requested to assess all available epidemiological and clinical evidence to review and, if necessary, revise and update the WHO guideline on sodium intake for adults and to establish a guideline for children. We therefore systematically compiled results from randomised controlled trials and cohort studies and conducted meta-analyses to quantify the effect of lower compared with higher sodium intake on blood pressure, all cause mortality, cardiovascular disease, stroke, coronary heart disease, and potential adverse effects such as changes in blood lipids, catecholamine levels, and renal function in adults and on blood pressure, blood lipids, and catecholamine levels in children. We also assessed whether the absolute amount of sodium consumed or the relative reduction in sodium intake differentially affected these outcomes.

Methods
The protocol for this review was agreed by the WHO Nutrition Guidance Expert Advisory Group Subgroup on Diet and Health. This review used the methods recommended by the Cochrane Collaboration29 and was written in accordance with the preferred reporting items for systematic reviews and meta-analyses statement for reporting systematic reviews.30
Search strategy and selection criteria
Firstly, we searched the literature for recent systematic reviews of randomised controlled trials or cohort studies on the effect of lower sodium intake relative to higher sodium intake. If the inclusion criteria were in agreement with, or were broader than, the inclusion criteria defined for the specific objectives of the current literature review, we reviewed each of the original references and compared them against the inclusion criteria for the current review.
We then searched the literature on sodium intake and the outcomes of interest published since the data search of the identified systematic reviews. We searched the Cochrane Central Register of Controlled Trials (24 August 2011), Medline (6 July 2011), Embase (2 August 2011), WHO International Clinical Trials Registry Platform (23 August 2011), and the Latin American and Caribbean Health Science Literature Database (LILACS) (6 August 2011). See the supplementary file for the complete data search terms. No language or additional limits were applied. We examined the reference lists of included studies and contacted researchers in the specialty to identify any additional studies. Two reviewers independently screened the output of the search to identify potentially eligible studies.

Types of studies
We included randomised controlled trials (both individual and cluster randomised). In the case of insufficient numbers of trials (<3), we included quasirandomised trials, non-randomised trials, and prospective, observational cohort studies.
We included randomised controlled trials that allocated at least one group of participants to decreased sodium intake and one group to higher sodium intake (the control group), had a duration of four or more weeks, achieved an intake difference of 40 or more mmol/day between intervention and control, and measured sodium intake with 24 hour urinary sodium excretion; and cohort studies with a prospective design that measured sodium intake in any way, had a duration of one or more years, and reported on an outcome of interest. The controlled trials could not have concomitant interventions (that is, non-drug interventions, antihypertensives, or other drugs) in the intervention group unless those interventions also applied to the control group, and thus the only difference between the groups was the level of sodium intake. We excluded studies targeting people who were acutely ill (including those with type 1 diabetes or acute heart failure), positive for HIV antibodies, or admitted to hospital.

Outcome data
Outcomes of interest in adults were blood pressure, all cause mortality, cardiovascular disease, stroke, coronary heart disease, and potential adverse effects such as changes in blood lipids (total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, triglyceride), catecholamine levels, renal function, and any side effect reported by the study authors. Outcomes in children were blood pressure, blood lipids, catecholamine levels, and any side effects reported by the study authors.

Data extraction, risk of bias, and quality assessment
Two reviewers used a standard data extraction form to independently extract relevant characteristics of the populations and interventions of each study. A third reviewer checked the data and disagreements were resolved through consensus. Any relevant missing information was requested from the study authors. In the case of duplicate publications and companion papers of a primary study, we maximised the yield of information by simultaneously evaluating all available data.
For randomised controlled trials, we assessed the risk of bias associated with the method of sequence generation, allocation concealment, blinding, selective reporting, loss to follow-up, and completeness of reporting outcome data. In addition, in cohort studies we evaluated the risk of bias associated with the method of measuring exposure, collecting outcome data, and selecting participants. We rated the risk of bias as low, unclear, or high according to established criteria.31 32
We used funnel plots to assess whether there was small study bias.33 34 For each study type separately in adults and children we generated figures for a “risk of bias graph” and “risk of bias summary.” We assessed the quality to the entire body of evidence using the GRADE methodology35 and GRADEProfiler software (version 3.6, 2011). The WHO Nutrition Guidance Expert Advisory Group Subgroup on Diet and Health gave guidance to further refine and finalise the GRADE assessment.

Statistical analysis
One reviewer entered data into Review Manager software (Copenhagen, 2011) and a second reviewer checked data entry for accuracy. In cases of disagreement, a third reviewer was consulted and a conclusion made based on consensus.
An overall effect estimate for all dichotomous data was calculated as a risk ratio with 95% confidence interval. Dichotomous data were extracted from each original study in the form of a risk ratio or hazard ratio calculated from the statistical model that controlled for the most number of covariates (to reduce bias), without controlling for blood pressure because blood pressure explains some of the effect sodium has on non-communicable disease related outcomes. In the analyses of data from cohort studies, the overall effect estimate was generated comparing the risk of each outcome in the lowest sodium intake (reference) group with the highest sodium intake group. When appropriate, we used the comparison of different intake groups with the reference group from the same study in different subgroup analyses, but the subgroups were not pooled.
We expressed the overall effect estimate for all continuous variables as the difference in means with 95% confidence interval between the lower sodium (intervention) group and the higher sodium (control) group. When there was more than one intervention group but only one control group, we used the group with the lowest sodium intake in the analysis. When appropriate we compared each intervention group with the control in different subgroup analyses and did not pool the subgroups. When there were multiple intervention groups with multiple control groups reported in the same study, we included all comparisons of an intervention group with the appropriate control in the pooled analysis.
Sodium intake was estimated to equal 24 hour urinary sodium excretion.36 When outcomes were assessed at more than one time point, we used data from the latest time point available except for subgrouping by study duration, in which we used all relevant time points. To combine data and generate the overall effect estimate we used the inverse variance method, random effects meta-analysis in Review Manager software.32 We considered results to be statistically significant at an α=0.05.
We considered evidence as conclusive of either benefit or harm from decreased sodium intake if the point estimate suggested a benefit or harm and the 95% confidence interval did not overlap a threshold of relevance. If the point estimate was near the null value and the confidence intervals did not overlap a threshold of relevance we considered evidence conclusive of no effect. In such cases, we considered the point estimates to be precise. Conversely, we considered evidence to be inconclusive if the point estimate suggested a benefit or harm but the confidence intervals crossed a threshold of relevance. In such cases, the point estimates were imprecise.
We assessed heterogeneity through visual inspection of the forest plots and with the I2 statistic quantifying inconsistency across studies.37 38 An I2 statistic of 75% or greater was considered an important level of inconsistency. When important heterogeneity was found we combined the data in meta-analyses taking note of the heterogeneity and we attempted to explain the heterogeneity by examining individual study and subgroup characteristics.
We considered several subgroups for testing specific objectives and exploring potential reasons for heterogeneity: relative achieved sodium intake in intervention group (reduction in intake of less than one third relative to control versus one third or more relative to control); absolute achieved sodium intake in intervention group (<2 g/day v ≥2 g/day; <1.2 g/day v ≥1.2 g/day); hypertensive status of participants at baseline (with hypertension versus without hypertension versus mixed or unspecified); sex (male v female v mixed); type of device used to measure blood pressure (automatic v manual); method of measurement of blood pressure (supine office v seated office v standing office v combination office v combination home v unspecified); study design (parallel v crossover); and duration of intervention (<3 months v 3-6 months v >6 months).
We conducted a sensitivity analysis to examine the effect of removing studies at high risk of bias from the analysis. A randomised controlled trial was considered to be at high risk of bias if it was graded as inadequate in both the randomisation and the allocation concealment and in either blinding or loss to follow-up. We considered a cohort study to be at high risk of bias if the measurement method for estimating sodium intake was a single 24 hour dietary recall or if the study was at high risk for confounding for both measurement method and another reason.


Results
Overall, 9862 publications reporting on sodium and at least one outcome of interest in adults were identified (fig 1⇓). Of these, 60 were found in the reference lists of recent systematic reviews8 20 or through other sources and 9802 in the electronic search. After elimination of irrelevant studies and abstracts not reaching inclusion criteria, 226 full text publications were assessed for eligibility. Of these, 118 were duplicates or companion papers of primary studies and 44 were excluded on full text review. Five studies had key methodological information not available from published manuscripts and additional information was requested but not received,39 40 41 42 43 one study is ongoing,44 and two studies did not contain the complete quantitative data needed for meta-analysis.45 46 Thus 64 studies contributed to the systematic review and 56 contributed to the meta-analyses: 37 randomised controlled trials reporting blood pressure, blood lipids, catecholamine levels, or renal function47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93; 14 cohort studies reporting all cause mortality, cardiovascular disease, stroke, or coronary heart disease21 22 94 95 96 97 98 99 100 101 102 103 104 105 106 107; and five randomised controlled trials reporting all cause mortality, cardiovascular disease, stroke, or coronary heart disease.86 91 108 109 110 
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Fig 1 Flow of records in adults and children
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In total, 7308 potential publications reported on blood pressure, blood lipids, or catecholamine levels in children. Eighteen were from reference lists of previous reviews111 112 or other sources, and 7290 were from the electronic search. After excluding studies that were irrelevant or did not meet basic inclusion criteria based on the review of titles and abstracts, 57 full text publications were assessed for eligibility. Of these, 24 were duplicates and 29 were excluded. Key methodological information was not available from the published manuscripts of three studies and requested information was not provided.39 40 43 No randomised controlled trials but one cohort study113 could contribute to the review. Because of the sparseness of data in children, the 281 potentially eligible abstracts in children were re-evaluated with broader inclusion criteria, including duration of more than three weeks, any controlled design, any difference in sodium intake between intervention and control, and any method of measuring intake. Ninety six duplicates were removed and 138 abstracts excluded (fig 1). Forty seven full text articles were assessed for eligibility. One study was the previously identified cohort study that reached inclusion criteria,113 and three were those previously identified but lacking key information.39 40 43 Thirty four studies were excluded and nine controlled trials included in the review.114 115 116 117 118 119 120 121 122 These studies did not reach the original inclusion criteria because three were non-randomised controlled trials,114 115 116 two were of three week’s duration,117 118 three did not measure 24 hour urinary sodium excretion,119 120 121 and one did not achieve a 40 mmol difference in sodium intake between intervention and control.122 Ten studies in children were included in the review: six randomised controlled trials, three non-randomised controlled trials, and one cohort study.
Study characteristics
Randomised controlled trials in adults were conducted in Australia, Belgium, Finland, France, Germany, the Netherlands, Norway, New Zealand, Sweden, the United Kingdom, and the United States. These studies measured blood pressure, renal function, blood lipids, and catecholamine levels between lower and higher sodium intake (control) groups. The one ongoing study is being undertaken in Italy.44 Length of intervention ranged from four weeks to 36 months; however, most studies (n=31) were less than three months. In total the studies included 5508 participants, with individual study sizes ranging from 16 to 2382. There were 1478 participants with hypertension, 3263 without hypertension, and 767 with undisclosed hypertensive status at baseline. The intervention in 12 randomised controlled trials was dietary advice or education and one trial supplied participants with food of a known sodium level. Most studies (n=24) had a run-in period where all participants achieved a reduced sodium intake through some combination of dietary advice, education, counselling, or provision of key foods with reduced sodium content (for example, butter, bread), and participants received either sodium or placebo tablets. See the supplementary file for details of the study characteristics.
Five randomised controlled trials and 15 cohort studies in adults reported cardiovascular disease, stroke, or coronary heart disease incidence, morbidity or mortality, or all cause mortality. The characteristics of the randomised controlled trials have been described previously.26 The cohort studies were undertaken in Australia, Belgium, Finland, Japan, the Netherlands, Scotland, Taiwan, and the United States; and one study included participants from 40 countries. Nine studies utilised representative data from a large geographical region and relied on health statistics for measuring outcomes. One study was a worksite based study. One study followed participants who had previously participated in a randomised controlled trial of a dietary intervention to reduce sodium intake. Two studies measured baseline variables and followed up directly with participants over the course of the study. The duration of follow-up varied from 3.8 to 22 years. One study did not report variance estimates and was therefore not included in the meta-analysis.105 All studies divided the sample population according to sodium intake at baseline and calculated the risk of outcome by sodium intake group.
In children, the nine controlled trials were conducted in Australia and the United States and the cohort study was undertaken in the Netherlands. The controlled trials included a total of 1299 male and female children and adolescents aged 2.6 to 19.8 years. The cohort study measured a total of 596 children aged 5-17 years at baseline and followed them for seven years. Two hundred and thirty three children completed the study and were included in the analysis.

Effect estimates
Blood pressure, renal function, blood lipids, and catecholamine levels in adults
The meta-analysis of 36 studies contributing 49 comparisons found that a reduction in sodium intake significantly reduced resting systolic blood pressure by 3.39 mm Hg (95% confidence interval 2.46 to 4.31 mm Hg) (fig 2⇓) and resting diastolic blood pressure by 1.54 mm Hg (0.98 to 2.11). Two studies had multiple intervention arms in which participants were randomly assigned to lower sodium or very low sodium or control allowing for direct comparisons of various levels of sodium intake relative to control (fig 3⇓). The meta-analysis of three comparisons showed a significant decrease in systolic blood pressure by 3.47 mm Hg (0.76 to 6.18 mm Hg) and diastolic blood pressure by 1.81 mm Hg (0.54 to 3.08 mm Hg) when sodium intake was <2 g/day compared with ≥2 g/day. There was only one comparison of <1.2 g/day versus ≥1.2 g/day and it reported a non-significant decrease in systolic blood pressure of 8.00 mm Hg (−1.73 to 17.73 mm Hg) and diastolic blood pressure of 4.00 mm Hg (−1.58 to 9.58 mm Hg). The meta-analysis of two comparisons detected a significant decrease in systolic blood pressure by 3.14 mm Hg (0.30 to 5.98 mm Hg) and diastolic blood pressure by 1.70 mm Hg (0.33 to 3.07 mm Hg) when the relative reduction in sodium intake was one third or more of control compared with less than one third of control.
[image: Figure2]

Fig 2 Effect of reduced sodium intake on resting systolic blood pressure in adults


	Download figure
	Open in new tab
	Download powerpoint





[image: Figure3]

Fig 3 Direct comparisons of effect of sodium consumption of <2 g/day v >2g/day, <1.2 g/day v >1.2 g/day, and a reduction by one third or more versus less than one third relative to control on systolic blood pressure in adults
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The test for heterogeneity in the previous analyses suggested some level of heterogeneity among the studies. Subgrouping reduced heterogeneity in most cases and the results showed that reduced sodium intake reduced blood pressure regardless of subgroup (table 1⇓). The reduction in systolic blood pressure was greater in studies of participants with hypertension (4.06 mm Hg, 2.96 to 5.15 mm Hg) than in studies of those without hypertension (1.38 mm Hg, 0.02 to 2.74 mm Hg). The reduction in systolic or diastolic blood pressure in subgroups based on absolute sodium intake in the intervention group (<2 g/day v ≥2 g/day, <1.2g/day v ≥1.2 g/day) did not differ significantly. The subgroup of studies in which the relative reduction in sodium intake was one third or more of control had a significantly greater decrease in systolic and diastolic blood pressure compared with a relative reduction of less than one third of control. Reduced sodium intake significantly decreased systolic blood pressure in studies of less than three months or 3-6 months, and non-significantly decreased systolic blood pressure in the three studies of more than six months. Reduced sodium intake lowered systolic blood pressure regardless of sex, measurement device or method, status of drug to control blood pressure, or study design. Reductions in diastolic blood pressure were less pronounced, but patterns based on subgroups were similar to those for systolic blood pressure.
Table 1  Estimates of effect of reduced sodium on systolic and diastolic blood pressure in adults overall and by subgroup
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In the meta-analyses of 11 studies (2339 participants) reporting changes in blood lipids, reduced sodium intake had no significant adverse effect on total cholesterol (mean difference 0.02 mmol/L, 95% confidence interval −0.03 to 0.07 mmol/L), low density lipoprotein cholesterol (0.03 mmol/L, −0.02 to 0.08 mmol/L), high density lipoprotein cholesterol (−0.01 mmol/L, −0.03 to 0.00 mmol/L), or triglyceride levels (0.04 mmol/L, −0.04 to 0.09 mmol/L, table 2⇓).
Table 2  Estimates of effect of reduced sodium on potential adverse effects in adults
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The one randomised controlled trial reporting urinary adrenaline (epinephrine) and two randomised controlled trials reporting urinary noradrenaline (norepinephrine) detected no effect of reduced sodium intake on these indicators (mean differences, adrenaline −13.10 pg/mL, −29.24 to 3.04 pg/mL; noradrenaline 17.13 pg/mL, −34.06 to 68.33 pg/mL). The four randomised controlled trials reporting plasma adrenaline and seven randomised controlled trials reporting plasma noradrenaline also detected no effect of reduced sodium on catecholamine levels (adrenaline 6.90 pg/mL, −2.17 to 15.96 pg/mL; noradrenaline 8.23 pg/mL, −27.84 to 44.29 pg/mL).
Several studies reported renal function with various indicators. The meta-analysis of three comparisons, all from the same randomised controlled trial, detected a non-significantly lower urinary protein excretion with reduced sodium intake (−76.61 µmol/L, −0.97 to −154.2 µmol/L). One other randomised controlled trial, which could not be combined in the meta-analysis because of the way the results were presented, also reported lower urinary protein excretion with lower sodium intake.39 Three randomised controlled trials reported urinary albumin excretion but could not be combined in a meta-analysis owing to the highly skewed distribution of this variable. The results were consistent with a beneficial effect of lower sodium intake on renal function.61 65 83

All cause mortality, cardiovascular disease, stroke, and coronary heart disease in adults
Two recent systematic reviews reported all cause mortality, cardiovascular disease, stroke, or coronary heart disease20 26: one included randomised controlled trials and the other cohort studies. Two of the studies included in the systematic review of randomised controlled trials were excluded from the current review: one was conducted in acutely ill patients123 and one manipulated both sodium and potassium intake in the intervention group.124 The number of stroke events (n=4) and coronary heart disease events (n=7) were insufficient in the remaining studies to generate meaningful effect estimates. The meta-analysis of data from two randomised controlled trials with two comparisons reporting cardiovascular events was inconclusive (risk ratio 0.84, 95% confidence interval 0.57 to 1.23). (In the analyses of data from randomised controlled trials, a risk ratio less than 1 signifies a decreased risk with decreased sodium intake, whereas a risk ratio greater than 1 signifies an increased risk with decreased sodium intake.)
One study that had been included in the recent systematic review of cohort studies was excluded owing to lack of quantification of sodium use.125 Two additional recently completed studies were also included21 22 in the current review, totalling 15 studies. One study did not report a variance estimate and thus could not contribute to the meta-analyses.45 The meta-analysis of seven studies with 10 comparisons reporting all cause mortality was inconclusive (risk ratio 1.06, 0.94 to 1.20) (table 3⇓). (In the analyses of data from cohort studies, a risk ratio greater than 1 signifies an increased risk with increased sodium intake.)
The meta-analysis of 10 studies with 14 comparisons reporting incidence of stroke detected an increased risk of stroke with higher sodium intake (1.24, 1.08 to 1.43). When only fatal events were considered, the risk ratio was 1.63 (1.27 to 2.10). The meta-analyses of sodium intake and cardiovascular disease or coronary heart disease were inconclusive (1.12, 0.93 to 1.34 and 1.04, 0.86 to 1.24, respectively). The meta-analysis of three studies with five comparisons of sodium intake and coronary heart disease mortality detected an increased risk of fatal coronary heart disease events with higher sodium intake (1.32, 1.13 to 1.53).
Table 3  Estimates of effect associated with sodium intake on risk of all cause mortality, cardiovascular disease, stroke, and coronary heart disease calculated from cohort studies in adults overall and by subgroup of outcome type 
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Blood pressure, blood lipids, and catecholamine levels in children
The meta-analysis of nine controlled trials with 14 comparisons in children found that reducing sodium intake decreased resting systolic blood pressure by 0.84 mm Hg (0.25 to 1.43 mm Hg) (fig 4⇓). The meta-analysis of eight controlled trials with 12 comparisons found that reducing sodium intake decreased resting diastolic blood pressure by 0.87 mm Hg (0.14 to 1.60 mm Hg). The cohort study reported a non-significant higher rate of increase in blood pressure over time in the group of children consuming the highest amount of sodium compared with the group consuming the lowest. None of the studies that reached the inclusion criteria for this review reported the effect of lower sodium intake on blood lipids, catecholamine levels, or side effects in children.
[image: Figure4]

Fig 4 Effect of reduced sodium intake on resting systolic blood pressure in children
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Quality of body of evidence
Funnel plots indicated little risk of publication bias from randomised controlled trials or cohort studies in adults or from controlled trials in children (see supplementary file). The risk of bias summaries and risk of bias graphs (see supplementary file) suggest that the entire body of evidence from randomised controlled trials in adults was not at risk of serious problems as a result of bias; and although some bias is present in many cohort studies, the entire body of evidence is possibly not at risk of serious problems beyond the inherent risk of bias in observational studies. The body of evidence for children, however, was possibly at risk of problems as a result of bias: four studies did not have random sequence generation,114 115 119 120 five had inadequate allocation concealment,114 115 118 119 120 and three had unclear allocation concealment.117 121 122 Blinding of participants and staff was not present in four studies,114 115 118 120 and blinding of outcome assessors was reported in only one study.119 There was little indication of bias due to selective reporting or attrition. Three studies were considered to be at high risk of bias.114 115 120
According to the GRADE criteria,35 the evidence for a decreased sodium intake reducing blood pressure in adults was of high quality (table 4⇓). The evidence for no effect of reduced sodium intake on blood lipids, catecholamine levels, and renal function was also high quality. The quality of the direct evidence for a positive association between sodium intake and risk of stroke from cohort studies was very low when all outcomes were combined, and of low quality when incident events and fatal incident events were analysed separately. The quality of evidence of a direct relation between sodium intake and fatal coronary heart disease events was also low. The low and very low quality of this evidence reflects that the GRADE methodology defines observational evidence from cohort studies as low quality. Recognising the limitations of any biomarker, the current review considered data from change in systolic blood pressure as indirect evidence for the effect of sodium intake on risk of cardiovascular disease, stroke, and coronary heart disease. Blood pressure is recognised as a reliable biomarker for estimating risk of cardiovascular disease126 127 because of the well established causal relation between increasing blood pressure and increasing risk of cardiovascular diseases, especially coronary heart disease and stroke.3 128
Table 4  GRADE summary of findings table showing quality of evidence of an effect of reduced sodium intake on selected health outcomes in adults
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According to the GRADE criteria,35 the evidence in children that a lower sodium intake reduced blood pressure was moderate for systolic blood pressure and low for diastolic blood pressure (table 5⇓). We considered the body of evidence to be at high risk of bias because two studies with four comparisons were not randomised. Only one study119 had clear blinding of participants, staff, and outcome assessors, and two studies clearly did not blind participants, staff, and outcome assessors.114 115 Blinding was unclear in the other studies. The evidence of the effect estimate for reduced sodium intake on diastolic blood pressure was downgraded a second time owing to inconsistency because the 95% confidence intervals of the studies did not always overlap with one another and were on both sides of zero. The data from the systematic review in adults were used as part of the evidence base for estimating the effect of reduced sodium intake on health outcomes in children. This evidence was downgraded from high to moderate because of indirectness—that is, use of a proxy population for the target population.
Table 5  GRADE summary of findings table showing quality of evidence of an effect of lower sodium intake on selected health outcomes in children
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Sensitivity analysis
As no studies in adults were considered to be at high risk of bias a sensitivity analysis for bias was not conducted. Removal of studies in people with comorbidities such as overweight, obesity, type 2 diabetes, or impaired glucose tolerance, or proteinuria had little effect on the results of the meta-analyses of blood pressure or adverse effects (data not shown).
Three cohort studies96 101 102 were removed from the analyses because of the high risk of confounding based on the measure of intake—that is, baseline sodium intake measured by one 24 hour dietary recall. The removal of these studies had little effect on any outcome.
When non-randomised studies were removed from the meta-analyses of controlled trials in children, the reduction in blood pressure was no longer significant (0.62 mm Hg, −0.25 to 1.5 mm Hg). The test for subgroup differences comparing the group of randomised controlled trials with the group of non-randomised controlled trials was not significant for systolic or diastolic blood pressure (P=0.14 and P=0.17, respectively). Removal of studies identified as being at high risk of bias reduced the total number of participants from 1278 to 527; none the less, a significant reduction in systolic blood pressure of 0.71mm Hg (0.07 to 1.35 mm Hg) was detected.



Discussion
The results from our meta-analyses of 36 randomised controlled trials in adults show that a reduction in sodium intake reduces systolic and diastolic blood pressure. These results are consistent with five previous systematic reviews that reported reduced sodium intake decreased blood pressure in adults with and without hypertension.8 16 17 18 19 The quality of the evidence was high. A body of evidence from randomised controlled trials begins the GRADE categorisation at high quality and is then assessed on a set of characteristics that may reduce that quality. This body of evidence was not downgraded as there was no indication of serious risk of bias, inconsistency, indirectness, or imprecision across all studies. As heterogeneity was suggested in the meta-analyses we carefully examined the results. The χ2 test suggested the potential for considerable heterogeneity (large χ2, P<0.001).29 However, a large number of studies, as in this review, often leads to the detection of a statistically significant χ2 test for heterogeneity and in such cases the test may not be meaningful because heterogeneity is inevitable.129 Therefore we also examined the forest plot and carried out the I2 test. Although both suggested some degree of heterogeneity, there was no considerable variation in results or inconsistency in the direction of the effect across studies. Furthermore, we investigated potential sources of heterogeneity by subgrouping based on numerous variables identified a priori during the development of the protocol. Subgrouping of studies based on these criteria resulted in reduced heterogeneity in most analyses. The results across the subgroup analyses were consistent with decreased sodium intake reducing blood pressure, suggesting that differences in the extent of the decrease in blood pressure caused by reduced sodium intake among studies, and not the overall direction of the effect, caused the heterogeneity.
Randomised controlled trials of four or more weeks’ duration showed no indication that reducing sodium intake had any adverse effects on blood lipids or catecholamine levels. These results were consistent with a previous systematic review when it considered only the studies of four or more weeks.18 There was also no indication of an adverse effect of reducing sodium intake on renal function, and the results were even suggestive of a beneficial effect. The quality of evidence for these outcomes in adults was high.
Subgroup analyses suggest that reduced sodium intake decreases blood pressure in people both with and without hypertension. The reduction in blood pressure was greater in those with hypertension; none the less, the benefit was evident in all groups. The relatively small effect of decreased sodium intake on blood pressure reduction in people without high blood pressure is consistent with a previous review.18 Nevertheless, a modest decrease in blood pressure can have important public health benefits. The health risk attributable to raised blood pressure is present across the entire population distribution of blood pressure.128 Raised blood pressure is the leading modifiable risk factor for mortality, accounting for almost 13% of deaths globally.2 In the United States, a decrease of 2 mm Hg in diastolic blood pressure in the population could result in an estimated 17% decrease in the prevalence of hypertension, 6% decrease in risk of coronary heart disease, and 15% decrease in risk of stroke, and prevent an estimated 67 000 coronary heart disease events and 34 000 stroke events every year.130 Researchers estimate that a 5 mm Hg reduction in systolic blood pressure in the population of the United Kingdom could reduce the prevalence of hypertension by 50% in that country.131 Additionally, the relation between blood pressure and risk of vascular mortality is positive, strong, and linear down to a systolic blood pressure of 115 mm Hg, below which there is no evidence128; and most averted vascular events owing to small reductions in blood pressure across the entire distribution will occur among people with moderately raised blood pressure levels, including those within the normal range for prehypertension.132 Thus almost all reductions in blood pressure are beneficial for health, and modest population-wide reductions in blood pressure can result in important reductions in mortality, substantial health benefits, and meaningful savings in healthcare costs.2 3 134
The meta-analyses of controlled trials showed that a reduction in sodium intake significantly decreases systolic and diastolic blood pressure in children. These results were supported by the results of the one cohort study that met the inclusion criteria for the review. That study suggested a lesser increase in blood pressure with age in children who consume less sodium, but the relation was only significant for the sodium to potassium ratio and not the absolute level of sodium intake.113 The results are also consistent with two systematic reviews of studies in participants from birth to age 18 years.111 112 Because fewer than three high quality randomised controlled trials met our inclusion criteria, we reassessed the list of potential studies identified in the original search using expanded inclusion criteria that included a three rather than four week minimum study duration, no minimum difference in sodium intake between groups, no restriction on method of measuring sodium intake, and inclusion of non-randomised controlled trials. Including studies that reached the broader criteria reduced the quality of the evidence by increasing the risk of bias from inadequate random sequence generation, allocation concealment, and measurement of sodium intake. The inclusion of these studies would, however, bias the results towards the null because of a decrease in effect expected from studies of shorter duration and smaller difference in intake between intervention and control; as well as less ability to detect a difference because of the less precise measurement of sodium intake. None the less, we still detected a significant decrease in blood pressure with reduced sodium intake. Moreover, the sensitivity analysis showed that the results changed little when only higher quality studies were included. The reduction in blood pressure detected in children was small; however, such an effect sustained throughout childhood and adolescence could result in an appreciable reduction in blood pressure and prevalence of hypertension in adults.133 134 As diet related non-communicable diseases are chronic and take years or decades to manifest, delaying the onset of these diseases could improve quality of lives and have substantial cost savings.134 Thus by tackling the problem of raised blood pressure during childhood, reducing sodium intake can be a crucial component in reducing the increase in blood pressure with age135 and preventing hypertension and related non-communicable diseases that manifest later in life.
Some have voiced concerns that a reduction in sodium intake might lead to adverse health effects such as increased total cholesterol, low density lipoprotein cholesterol, triglyceride, and catecholamine levels, as well as adverse changes in renal function or adverse effects on cardiovascular risk.18 28 Reducing sodium intake reduces blood volume and thus activates the renin-angiotensin-aldosterone and sympathetic nervous systems (indicated by increased adrenaline and noradrenaline levels), which help control blood volume.27 A reduction in blood volume without a concurrent reduction in blood lipids would increase blood lipid levels acutely. Our meta-analysis of 11 randomised controlled trials, all of four or more weeks’ duration, showed that reducing sodium intake did not adversely affect blood lipids or catecholamine levels. A recent systematic review reported an increase in total cholesterol, triglyceride, adrenaline, and noradrenaline levels, as well as renin and aldosterone with reduced sodium intake.18 However, consistent with the results of the current review, those changes in blood lipids and catecholamine levels were no longer present in studies of more than four weeks’ duration. They were only detected in studies of two or less weeks’ duration, including extreme and severe changes in sodium intake.18 These results suggest that the contraction in volume and ensuing haemoconcentration seen after large and rapid changes in salt intake does not occur with more moderate and sustained salt reduction. The previous systematic review also reported changes in renin and aldosterone levels that persisted with longer term lower sodium intake. However, the importance of these changes is unclear.136 137. The data regarding the association between increased renin or aldosterone levels and cardiovascular disease are not consistent,138 139 140 141 and the relation seems to be more consistent in high risk patients than in the general population.136 137 Unlike blood pressure, a change in these hormones is not currently recognised as a reliable biomarker for predicting future risk of disease.127 128 137 Moreover, diuretics, angiotensin converting enzyme inhibitors, and angiotensin receptor blockers are all potent blood pressure lowering agents that cause a sustained rise in renin and aldosterone levels and, nevertheless, significantly reduce stroke and other cardiovascular events. Because of this continued uncertainty about the usefulness of these biomarkers to predict cardiovascular events in the general population, in the current review we did not compile data on renin, angiotensin, or aldosterone but rather focused on blood pressure and cholesterol level, which each have a well recognised and widely accepted relation with future disease risk.127 128
Furthermore, our systematic review also investigated disease outcomes. The meta-analyses of 14 cohort studies detected an association between increased sodium intake and increased risk of stroke but no significant relation with risk of incident cardiovascular disease or coronary heart disease. These results are consistent with a previous review and meta-analysis, which found a significant direct association between sodium intake and risk of both stroke and cardiovascular disease.20 The previous review was completed in 2009 and we built on that body of evidence with the incorporation into the current review and meta-analyses of three more recently published studies. Furthermore, our meta-analysis of the effect of sodium intake on incidence of fatal disease detected a significant association between higher sodium intake and increased risk of fatal stroke and fatal coronary heart disease. Data from randomised controlled trials lacked sufficient power to detect a relation between sodium intake and the outcomes of interest from studies of that design.26 The body of evidence on the relation between sodium intake and patient relevant disease outcomes would be strengthened if results were obtained from more large and long term randomised controlled trials reporting mortality and morbidity.
Strengths and limitations of this review
Strengths of our review include the inclusion and synthesis of all available randomised controlled trial and epidemiological evidence on sodium intake for both positive and negative health outcomes; the transparent reporting of studies found, screened, and included and excluded; the evaluation of the entire body of evidence; the generation of overall effect estimates and conclusions across a large number and variety of studies; and the evaluation of the quality of evidence following the GRADE methodology.
Limitations include a limited number of outcomes, with the exclusion of acutely ill and special populations; and the constraints of the GRADE methodology on the low grading given to observational cohort studies. The GRADE methodology categorises a body of evidence from observational studies (for example, cohort studies) as low quality, and although the methodology liberally downgrades evidence it is conservative in upgrading evidence to a higher quality rating. Therefore the quality of evidence from cohort studies is almost exclusively low and very low using the GRADE methodology. Constraints on time and resources, as well as the deliberate scoping of the review to be relevant to public health guidance, led to the exclusion of cellular and animal studies and case studies on sodium intake and physiology. Likewise, outcomes that might be of interest, such as bone health or certain types of cancer, were also not included. Because the objective of the review was to inform the WHO guideline development process for the generation of a sodium intake guideline for most people globally, studies in unique populations such as patients with heart failure and other acute illnesses were also not included. The scoping of the review was completed in a systematic manner following the WHO guideline review committee handbook142 to ensure that all priority questions needed to review and potentially revise WHO guidelines on sodium intake were answered.

Conclusion
Our systematic review and meta-analyses show a clear benefit of lower sodium intake in both adults and children without acute illness. Overall results showed that a decrease in sodium intake reduced blood pressure. Although heterogeneity of the studies seemed to be considerable, subgroup analysis reduced such heterogeneity indicating that the effect is detectable in those with and without hypertension and, regardless of study design, sodium reduction achieved, blood pressure measurement method or device, or status of blood pressure drug use. Results from observational cohort studies also showed a significant association between sodium intake and all stroke, fatal stroke, and fatal coronary heart disease events. Owing to the study design, the quality of the evidence was not as high as that for blood pressure. Ideally, randomised controlled trials with these disease outcomes would be needed to strengthen the evidence base. Finally, we showed that a lower sodium intake has no adverse effect on blood lipids, catecholamine levels, or renal function.
What is already known on this topic
	Increased sodium intake increases blood pressure and, according to WHO data, raised blood pressure is the number one modifiable risk factor for mortality

	Systematic reviews have reported that lower sodium intake results in decreased blood pressure

	Research suggests that lower sodium intake is associated with decreased risk of incident stroke and cardiovascular disease but whether there are adverse effects on blood lipids, catecholamine levels, and renal function is uncertain



What this study adds
	This systematic review and meta-analyses found that lowering sodium intake reduces blood pressure in adults and children and has no adverse effect on blood lipids, catecholamine levels, or renal function

	A synthesis of evidence including findings from recent cohort studies showed a positive association between sodium intake and incident stroke, fatal stroke, and fatal coronary heart disease events

	This review evaluates the evidence using the GRADE methodology and generates conclusions based on the entirety of the compiled evidence in both adults and children






Notes
Cite this as: BMJ 2013;346:f1326

Footnotes
	We thank the members of the WHO Nutrition Guidance Expert Advisory Group (WHO NUGAG) for their input and comments on the manuscript; the stakeholders who provided their feedback on scoping the review; and Sharnali Das for screening manuscripts for inclusion and data extraction. PE is a senior investigator for the National Institute for Health Research (NIHR). The views expressed are those of the authors and not necessarily those of the National Health Service, the NIHR, or the Department of Health. FPC and JJM contributed equally to the study.

	Contributors: The priority questions to be addressed for the review were discussed and developed by the WHO NUGAG Subgroup on Diet and Health in March 2011 and the protocol was subsequently developed to address the requested questions by the WHO NUGAG Subgroup on Diet and Health. NJA and AZ ran the searches, carried out the assessment of papers for inclusion, extracted data, did the validity assessment, and prepared the first draft of the report submitted for review by the WHO NUGAG Subgroup on Diet and Health. NJA completed the data analyses. NJA and JM developed the first GRADE evidence profiles. The WHO NUGAG Subgroup on Diet and Health reviewed earlier drafts and contributed to the analysis and GRADE assessment. NJA wrote the first draft of the manuscript. LH, PE, FPC, and JJM provided substantial intellectual input on research methods and interpretation of results. All authors read, provided input, and agreed the final draft of the manuscript. WHO agreed with the publication of this systematic review in a scientific journal as it serves as the background evidence review for updating the WHO guideline on sodium intake for adults and for the establishment of a guideline on sodium intake in children and should therefore be widely available.

	Funding: This review was supported by WHO funds, the Kidney Evaluation Association Japan, and the governments of Japan and Republic of Korea.

	Competing interests: All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and declare: LH, FPC, PE, and JJM received funding from WHO to attend NUGAG Subgroup of Diet and Health meetings, PE receives support from the National Institute for Health Research Biomedical Research Centre based at Imperial College Healthcare NHS Trust and Imperial College London, FPC is an unpaid member of Consensus Action on Salt and Health (CASH), World Action on Salt and Health (WASH), unpaid advisor to the WHO and the PAHO, a member of the National Heart Forum and former member of the executive committee and trustee of the British Hypertension Society, PE is an unpaid member of CASH, WASH, and an unpaid advisor to WHO; no further financial support from any organisation for the submitted work that might have an interest in the submitted work in the previous three years; no other relationships or activities that could appear to have influenced the submitted work. NJA was a staff member of WHO at the time this work was conducted. The author alone is responsible for the views expressed in this publication and they do not necessarily represent the views, decisions, or policies of WHO.

	Ethical approval: Not required.

	Data sharing: The datasets are available from the corresponding author at nancy.aburto@wfp.org.



This is an open-access article distributed under the terms of the Creative Commons Attribution Non-commercial License, which permits use, distribution, and reproduction in any medium, provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. See: http://creativecommons.org/licenses/by-nc/2.0/  and  http://creativecommons.org/licenses/by-nc/2.0/legalcode.

References
	↵World Health Organization. Global status report on noncommunicable diseases. WHO, 2010:164.



	↵World Health Organization. Global health risks: Mortality and burden of disease attributable to selected major risks. WHO, 2009:62.



	↵Mackay J, Mensah G. The atlas of heart disease and stroke. WHO, 2004.



	↵World Health Organization. World health statistics 2012. WHO, 2012:176.



	↵Elliott P, Stamler J, Nichols R, Dyer AR, Stamler R, Kesteloot H, at al for the INTERSALT Cooperative Research Group. INTERSALT revisited: further analyses of 24 hour sodium excretion and blood pressure within and across populations. BMJ1996;312:1249-53.
OpenUrlAbstract/FREE Full Text


	↵Cutler JA, Follmann D, Allender PS. Randomized trials of sodium reduction: an overview. Am J Clin Nutr1997;65(suppl 2):S643-51.
OpenUrlAbstract/FREE Full Text


	↵He FJ, MacGregor GA. How far should salt intake be reduced? Hypertension2003;42:1093-9.
OpenUrlCrossRef


	↵He FJ, MacGregor GA. Effect of longer-term modest salt reduction on blood pressure. Cochrane Database Syst Rev2004;(3):CD004937.



	↵World Health Organization. Diet, nutrition and the prevention of chronic disease. Report of a Joint WHO/FAO Expert Consultation. WHO, 2003.



	↵Holbrook JT, Patterson KY, Bodner JE, Douglas LW, Veillon C, Kelsay JL, et al. Sodium and potassium intake and balance in adults consuming self-selected diets. Am J Clin Nutr1984;40:786-93.
OpenUrlAbstract/FREE Full Text


	↵Taal MW, Chertow GM, Marsden PA, Skorecki K, Yu ASL, Brenner BM, et al. Brenner and Rector’s the kidney. Saunders Elsevier, 2011. 



	↵He FJ, MacGregor GA. A comprehensive review on salt and health and current experience of worldwide salt reduction programmes. J Hum Hypertens2009;23:363-84
OpenUrlCrossRefPubMedWeb of Science


	↵Brown IJ, Tzoulaki I, Candeias V, Elliott P. Salt intakes around the world: implications for public health. Int J Epidemiol2009;38:791-813.
OpenUrlAbstract/FREE Full Text


	↵World Health Organization. Prevention of cardiovascular disease: guidelines for assessment and management of cardiovascular risk. WHO, 2007.



	↵Anderson CAM, Appel LJ, Okuda N, Brown IJ, Chan QE, Zhao LC, et al. Dietary sources of sodium in China, Japan, the United Kingdom, and the United States, women and men aged 40 to 59 years: the INTERMAP Study. J Am Diet Assoc2010;110:736-45.
OpenUrlCrossRefPubMedWeb of Science


	↵Dickinson HO, Mason JM, Nicolson DJ, Campbell F, Beyer FR, Cook JV. Lifestyle interventions to reduce raised blood pressure: a systematic review of randomized controlled trials. J Hypertens2006;24:215-33.
OpenUrlCrossRefPubMedWeb of Science


	↵Dietary Guidelines Advisory Committee. Adults and sodium: what is the relationship between sodium and blood pressure in adults aged 19 years and older? Department of Health and Human Services and Department of Agriculture, 2010.



	↵Graudal NA, Hubeck-Graudal T, Jurgens G. Effects of low sodium diet versus high sodium diet on blood pressure, renin, aldosterone, catecholamines, cholesterol, and triglyceride. Cochrane Database Syst Rev2011;(11):CD004022.



	↵Hooper L, Bartlett C, Davey SG, Ebrahim S. Advice to reduce dietary salt for prevention of cardiovascular disease. Cochrane Database Syst Rev2004;(1):CD003656.



	↵Strazzullo P, D’Elia L, Kandala NB, Cappuccio FP. Salt intake, stroke, and cardiovascular disease: meta-analysis of prospective studies. BMJ2009;339:b4567.
OpenUrlAbstract/FREE Full Text


	↵O’Donnell MJ, Yusuf S, Mente A, Gao P, Mann JF, Teo K, et al. Urinary sodium and potassium excretion and risk of cardiovascular events. JAMA2011;306:2229-37.
OpenUrlCrossRefPubMedWeb of Science


	↵Stolarz-Skrzypek K, Kuznetsova T, Thijs L, Tikhonoff V, Seidlerová J, Richart T, et al. Fatal and nonfatal outcomes, incidence of hypertension, and blood pressure changes in relation to urinary sodium excretion. JAMA2011;305:1777-85.
OpenUrlCrossRefPubMedWeb of Science


	↵Campbell N, Cappuccio FP, Tobe SW. Unnecessary controversy regarding dietary sodium. A lot about a little. Can J Cardiol2011;27:404-6.
OpenUrlCrossRefPubMed


	↵Campbell N, Correa-Rotter R, Neal B, Cappuccio FP. New evidence relating to the health impact of reducing salt intake. Nutr Metab Cardiovasc Dis2011;21:617-9.
OpenUrlCrossRefPubMed


	↵He FJ, Appel LJ, Cappuccio FP, de Wardener HE, MacGregor GA. Does reducing salt intake increase cardiovascular mortality? Kidney Int2011;80:696-8.
OpenUrlCrossRefPubMedWeb of Science


	↵Taylor RS, Ashton KE, Moxham T, Hooper L, Ebrahim S. Reduced dietary salt for the prevention of cardiovascular disease. Cochrane Database Syst Rev2011;(7):CD009217.



	↵Alderman MH, Cohen HW. Dietary sodium intake and cardiovascular mortality: controversy resolved? Curr Hypertens Rep2012;14:193-201.
OpenUrlCrossRefPubMed


	↵Alderman MH. Reducing dietary sodium: the case for caution. JAMA2010;303:448-9.
OpenUrlCrossRefPubMedWeb of Science


	↵Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews of interventions version 5.1.0 [updated March 2011]. Cochrane Collaboration, 2011.



	↵Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ2009;339:b2700.
OpenUrlAbstract/FREE Full Text


	↵Deeks JJ, Dinnes J, D’Amico R, Sowden AJ, Sakarovitch C, Song F, et al. International Stroke Trial Collaborative Group; European Carotid Surgery Trial Collaborative Group. Evaluating non-randomised intervention studies. Health Technol Assess2003;7:1-173.
OpenUrlPubMed


	↵Higgins JP, Thompson SG, Spiegelhalter DJ. A re-evaluation of random-effects meta-analysis. J R Stat Soc Ser A Stat Soc2009;172:137-59.
OpenUrlCrossRefPubMed


	↵Lau J, Ioannidis JP, Terrin N, Schmid CH, Olkin I. The case of the misleading funnel plot. BMJ2006;333:597-600.
OpenUrlFREE Full Text


	↵Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis. Clin Epidemiol2001;54:1046-55.
OpenUrlCrossRefPubMedWeb of Science


	↵Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. BMJ2008;336:924-6.
OpenUrlFREE Full Text


	↵Stamler J, Elliott P, Chan Q, for the INTERMAP Research Group. Intermap appendix tables. J Hum Hyper2003;17:665-758. 
OpenUrl


	↵Higgins J, Thompson S, Deeks J, Altman D. Statistical heterogeneity in systematic reviews of clinical trials: a critical appraisal of guidelines and practice. J Health Serv Res Policy2002;7:51-61.
OpenUrlAbstract/FREE Full Text


	↵Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med2002;21:1539-58.
OpenUrlCrossRefPubMedWeb of Science


	↵Swift PA, Markandu ND, Sagnella GA, MacGregor GA. A double blind randomised control trial of modest salt reduction in black people with normal blood pressure. J Am Soc Nephrol2006;17:657A. 
OpenUrl


	↵Pirrelli A, Pieri R, Savino L. Relation of sodium and potassium excretion and catecholamine metabolism in essential arterial hypertension. Boll Soc Ital Cardiol1980;25:173-7.
OpenUrlPubMed


	↵Miller JA, Wong F, Dionne J. Dietary sodium modulates renal vasomotor tone in normal humans. J Am Soc Nephrol1993;4:583.
OpenUrl


	↵Klemmer P, Saran R. Lowering salt intake in chronic kidney disease: a pilot randomized crossover trial. WHO International Clinical Trials Registry Platform. 2012. http://apps.who.int/trialsearch/.



	↵Geleijnse JM, Witteman JC, Bak AA, den Breeijen JH., Grobbee DE. Long-term moderate sodium restriction does not adversely affect the serum HDL/total cholesterol ratio. J Hum Hypertens1995;9:975-9.
OpenUrlPubMed


	↵Borghi L, Meschi T. The links between water and salt intake, body weight, hypertension and kidney stones: a difficult puzzle. WHO International Clinical Trials Registry Platform. 2012. http://apps.who.int/trialsearch/Unpublished/data (provided by authors 26 Sept 2011).



	↵Tunstall-Pedoe H, Woodward M, Tavandale R, Brook R, McCluskey MK. Comparison of the prediction by 27 different factors of coronary heart disease and death in men and women of the Scottish heart health study: cohort study. BMJ1997;315:722-9.
OpenUrlAbstract/FREE Full Text


	↵Morgan TO, Myers JB. Hypertension treated by sodium restriction. Med J Aust1981;2:396-7.
OpenUrlPubMedWeb of Science


	↵Andersson OK, Fagerberg B, Hedner T. Importance of dietary salt in the hemodynamic adjustment to weight reduction in obese hypertensive men. Hypertension1984;6:814-9.
OpenUrlCrossRef


	↵Fagerberg B, Andersson OK, Persson B, Hedner T. Reactivity to norepinephrine and effect of sodium on blood pressure during weight loss. Hypertension1985;7:586-92.
OpenUrlCrossRef


	↵Australian National Health and Medical Research Council Management Committee. Mild hypertension: from drug trials to practice. In: Strasswer T, D Ganten, eds. Raven Press, 1987.



	↵Australian National Health And Medical Research Council Dietary Salt Study Management Committee. Fall in blood pressure with modest reduction in dietary salt intake in mild hypertension. Lancet1989;25:399-402.
OpenUrl


	↵Australian National Health And Medical Research Council Dietary Salt Study Management Committee. Effects of replacing sodium intake in subjects on a reduced sodium diet: a crossover study. Clin Exper Hyper Theor Pract1989;A11:1011-24.



	↵Benetos A, Yang-Yan X, Cuche JL, Hannaert P, Safar M. Arterial effects of salt restriction in hypertensive patients. A 9-week, randomized, double-blind, crossover study. J Hypertens1992;10:355-60.
OpenUrlCrossRefPubMedWeb of Science


	↵Cappuccio FP, Markandu ND, Carney C, Sagnella GA, MacGregor GA. Double-blind randomized trial of modest salt restriction in older people. Lancet1997;350:850-4.
OpenUrlCrossRefPubMedWeb of Science


	↵Chalmers J, Morgan T, Doyle A, Dickson B, Hopper J, Mathews J, et al. Australian National Health and Medical Research Council dietary salt study in mild hypertension. J Hypertens1986;4(suppl 6):S629-37.
OpenUrlWeb of Science


	↵Cobiac L, Nestel PJ, Wing LMH, Howe PRC. A low-sodium diet supplemented with fish oil lowers blood pressure in the elderly. J Hypertens1992;10:87-92.
OpenUrlCrossRefPubMedWeb of Science


	↵Harsha D, Sacks FM, Obarzanek E, Svetkey LR, Lin PH, Bray GA, et al. Effect of dietary sodium intake on blood lipids: results from the DASH-sodium trial. Hypertension2004;43:393-8.
OpenUrlCrossRef


	↵Sacks FM, Svetkey LR, Vollmer WM, Appel LJ, Bray GA, Harsha D, et al. Effects on blood pressure of reduced dietary sodium and the dietary approaches to stop hypertension (DASH) diet. N Engl J Med2001;344:3-10.
OpenUrlCrossRefPubMedWeb of Science


	↵Dodson PM, Beevers M, Hallworth R, Webberley MJ, Fletcher RF, Taylor KG. Sodium restriction and blood pressure in hypertensive type II diabetics: randomized blind controlled and crossover studies of moderate sodium restriction and sodium supplementation. BMJ1989;298:227-30.
OpenUrlAbstract/FREE Full Text


	↵Erwteman TM, Nagelkerke N, Lubsen J, Koster M, Dunning AJ. Beta-blockade, diuretics, and salt restriction for the management of mild hypertension: a randomized double blind trial. BMJ1984;289:406-9.
OpenUrlAbstract/FREE Full Text


	↵Fagerberg B, Andersson OK, Isadsson B, Bjorntorp P. Blood pressure control during weight reduction in obese hypertensive men: separate effects of sodium and energy restriction. BMJ1984;288:11-4.
OpenUrlAbstract/FREE Full Text


	↵Fotherby MD, Potter JF. Effects of moderate sodium restriction on clinic and twenty-four-hour ambulatory blood pressure in elderly hypertensive subjects. J Hypertens1993;11:657-63.
OpenUrlCrossRefPubMedWeb of Science


	↵Fotherby MD, Potter JF. Metabolic and orthostatic blood pressure responses to a low-sodium diet in elderly hypertensives. J Hum Hypertens1997;11:361-6.
OpenUrlCrossRefPubMedWeb of Science


	↵Gates PE, Tanaka H, Hiatt WR, Seals DR. Dietary sodium restriction rapidly improves large elastic artery compliance in older adults with systolic hypertension. Hypertension2004;44:35-41.
OpenUrlCrossRef


	↵Grobbee DE, Hofman A, Roelandt JT, Boosma F, Schalekamp MA, Valkenburg HA. Sodium restriction and potassium supplementation in young people with mildly elevated blood pressure. J Hypertens1987;5:115-9.
OpenUrlCrossRefPubMedWeb of Science


	↵He F, Marciniak M, Visagie E, Markandu N, Anad V, Dalton R, et al. Lowing salt intake by one third reduces blood pressure, urinary albumin excretion and pulse wave velocity in white, black and Asian individuals with untreated mild hypertension—a randomized double-blind trial. J Hypertens2009;27(suppl 4):S31.
OpenUrlCrossRef


	↵He F, Marciniak M, Visagie E, Markandu N, Anad V, MacGregor G. Effect of modest salt reduction on blood pressure in white, black and Asian individuals with untreated mildly raised blood pressure—a randomized double-blind placebo-controlled crossover trial. J Hum Hypertens2008;22:729-41.
OpenUrlCrossRef


	↵He FJ, Marciniak M, Visagie E, Markandu ND, Anand V, Dalton RN, et al. Effect of modest salt reduction on blood pressure, urinary albumin, and pulse wave velocity in white, black, and Asian mild hypertensives. Hypertension2009;54:482-8.
OpenUrlCrossRef


	↵Howe PRC, Lungershausen YK, Cobiac L, Dandy G, Nestel PJ. Effect of sodium restriction and fish oil supplementation of BP and thrombotic risk factors in patients treated with ACE inhibitors. J Hum Hypertens1994;8:43-9.
OpenUrlPubMed


	↵MacGregor GA, Markandu ND, Best FE, Elder DM, Cam JM, Sagnella GA, et al. Double-bind randomized crossover trial of moderate sodium restriction in essential hypertension. Lancet1982;13:351-5.
OpenUrl


	↵MacGregor GA, Markandu ND, Sagnella GA, Singer DRJ, Cappuccio FP. Double-blind study of three sodium intakes and long-term effects of sodium restriction in essential hypertension. Lancet1989;2:1244-7.
OpenUrlCrossRefPubMedWeb of Science


	↵McCarron DA, Weder AB, Egan BM, Krishna GG, Morris CD, Cohen M, et al. Blood pressure and metabolic responses to moderate sodium restriction in isradipine-treated hypertensive patients. Am J Hypertens1997;10:68-76.
OpenUrlAbstract/FREE Full Text


	↵Meland E, Laerum E, Aakvaag A, Ulvik RJ, Hostmark AT. Salt restriction: effects on lipids and insulin production in hypertensive patients. Scand J Clin Lab Invest1997;57:501-6.
OpenUrlCrossRefPubMed


	↵Meland E, Aamland A. Salt restriction among hypertensive patients: modest blood pressure effect and no adverse effects. Scand J Prim Health Care2009;27:97-103.
OpenUrlCrossRefPubMedWeb of Science


	↵Melander O, von Wowern F, Frandsen E, Burri P, Willsteen G, Aurell M, et al. Moderate salt restriction effectively lowers blood pressure and degree of salt sensitivity is related to baseline concentration of rennin and N-terminal atrial natriuretic peptide in plasma. J Hypertens2007;25:619-27.
OpenUrlCrossRefPubMedWeb of Science


	↵Muhlhauser I, Prange K, Sawicki PT, Bender R, Dworschak A, Schaden W, et al. Effects of dietary sodium on blood pressure in IDDM patients with nephropathy. Diabetologia 1996;39:212-9.
OpenUrlCrossRefPubMed


	↵Nestel PJ, Clifton PM, Noakes M, McArthur R, Howe PR. Enhanced blood pressure response to dietary salt in elderly women, especially those with small waist:hip ratio. J Hypertens1993;11:1387-94.
OpenUrlCrossRefPubMedWeb of Science


	↵Parijs J, Joossens JV, Van der Linden L, Verstreken G, Amery AKPC. Moderate sodium restriction and diuretics in the treatment of hypertension . Am Heart J1973;85:22-34.
OpenUrlCrossRefPubMedWeb of Science


	↵Puska P, Nissinen A, Vartiainen E, Dougherty R, Mutanen M, Iacono JM, et al. Controlled, randomized trial of the effect of dietary fat on blood pressure. Lancet1983;1/8:1-5.



	↵Richards AM, Nicholls MG, Espiner EA, Ikram H, Maslowski AH, HamiltonEJ, et al. Blood-pressure response to moderate sodium restriction and to potassium supplementation in mild essential hypertension. Lancet1984;1:757-61.
OpenUrlPubMedWeb of Science


	↵Ruppert M, Overlack A, Kolloch R, Kraft K, Gobel B, Stumpe KO. Neurohormonal and metabolic effects of severe and moderate salt restriction in non-obese normotensive adults. J Hypertens1993;11:743-9.
OpenUrlCrossRefPubMedWeb of Science


	↵Sciarrone SEG, Beilin LJ, Rouse IL, Rogers PB. A factorial study of salt restriction and a low-fat/high-fibre diet in hypertensive subjects. J Hypertens1992;10:287-98.
OpenUrlCrossRefPubMedWeb of Science


	↵Silman AJ, Locke C, Mitchell P, Humpherson P. Evaluation of the effectiveness of a reduced sodium diet in the treatment of mild to moderate hypertension. Lancet1983;1:1179-82.
OpenUrlPubMedWeb of Science


	↵Suckling R, He F, Markandu N, MacGregor G. Modest salt reduction lowers blood pressure and urinary albumin excretion in impaired glucose tolerance and type 2 diabetes. J Hypertens2010;28:e219.
OpenUrl


	↵Swift PA, Markandu ND, Sagnella GA, He FJ, MacGregor GA. Modest salt reduction reduces blood pressure and urine protein excretion in black hypertensives: a randomized control trial. Hypertension2005;46:308-12.
OpenUrlCrossRefPubMed


	↵Satterfield S, Cutler JA, Langford HG, Applegate WB, Borhani NO, Brittain E, et al. for the Trials of Hypertension Prevention (TOHP) Collaborative Research Group. Trials of Hypertension Prevention, Phase I design. Ann Epidemiol1991;1:455-71.
OpenUrlCrossRefPubMed


	↵The Trials of Hypertension Prevention Collaborative Research Group. The effects of nonpharmarmacologic interventions on blood pressure of persons with high normal levels: results of the Trials of Hypertension Prevention, Phase I. JAMA1992;267:1213-20.
OpenUrlCrossRefPubMedWeb of Science


	↵Cook NR, Kumanyika SK, Cutler JA, Whelton PK for the Trials of Hypertension Prevention Collaborative Research Group. Dose-response of sodium excretion and blood pressure change among overweight, nonhypertensive adults in a 3-year dietary intervention study. J Hum Hypertens2005;19:47-54.
OpenUrlCrossRefPubMedWeb of Science


	↵Kumanyika SK, Cook NR, Cutler JA, Belden L, Brewer A, Cohen JD, et al. Sodium reduction for hypertension prevention in overweight adults: further results from the Trials of Hypertension Prevention Phase II. J Hum Hypertens2005;19:33-45.
OpenUrlCrossRefPubMedWeb of Science


	↵Lasser VI, Raczynski JM, Stevens VJ, Mattfeldt-Beman MK, Kumanyika S, Evans M, et al. for the Trials of Hypertension prevention (TOHP) Collaborative Research Group. Trials of hypertension Prevention, Phase II: Structure and content of the weight loss and dietary sodium reduction interventions. Ann Epidemiol1995;5:156-164.
OpenUrlCrossRefPubMed


	↵Vogt L, Waanders F, Boomsma F, de Zeeuw D, Navis G. Effects of dietary sodium and hydrocholorothiazide on the antiproteinuric efficacy of losartan. J Am Soc Nephrol2008;19:999-1007.
OpenUrlAbstract/FREE Full Text


	↵The Trials of Hypertension Prevention Collaborative Research Group. Effects of weight loss and sodium reduction intervention on blood pressure and hypertension incidence in overweight people with high-normal blood pressure: Trials of Hypertension Prevention, Phase II. Arch Intern Med1997;157;657-67.



	↵Watt GCM, Edward C, Hart JT, Hart M, Walton P, Foy CJW. Dietary sodium restriction for mild hypertension in general practice. BMJ1983;286:432-6.
OpenUrlAbstract/FREE Full Text


	↵Weir MR, Yadao AM, Purkayastha D, Charney AN. Effects of high- and low-sodium diets on ambulatory blood pressure in patients with hypertension receiving aliskiren. J Cardiovasc Pharmacol Ther2010;15:356-63.
OpenUrlAbstract/FREE Full Text


	↵Alderman MH, Madhavan S, Cohen H, Sealey J, Laragh JH. Low urinary sodium is associated with greater risk of myocardial infarction among treated hypertensive men. Hypertension1995;25:1144-52.
OpenUrlCrossRef


	↵Cohen H, Hailpern SM, Fang J, Alderman MH. Sodium intake and mortality in the NHANES II follow-up study. Am J Med2006;119:e7-275.e14.
OpenUrlPubMed


	↵Cohen HW, Hailpern SM, Alderman MH. Sodium intake and mortality follow-up in the third national health and nutrition examination survey (NHANES III). J Gen Intern Med2008;23:1297-302.
OpenUrlCrossRefPubMedWeb of Science


	↵Cook NR, Cutler JA, Obarzanek E, Buring JE, Rexrode KM, Kumanyika SK, et al. Long term effects of dietary sodium reduction on cardiovascular disease outcomes: observational follow-up of the trials of hypertension prevention (TOHP). BMJ2007;55:1-8.
OpenUrlWeb of Science


	↵Cook NR, Obarzanek E, Cutler JA, Buring JE, Rexrode KM, Kumanyika SK, et al. for the trials of hypertension Prevention Collaborative Research Group. Joint effects of sodium and potassium intake on subsequent cardiovascular disease: the trials of hypertension prevention (TOHP) follow-up study. Arch Intern Med2009;169:32-40.
OpenUrlCrossRefPubMedWeb of Science


	↵Ekinci EI, Clarke S, Thomas MC, Moran JL, Cheing K, MacIsaac RJ, et al. Dietary salt intake and mortality in patients with type 2 diabetes. Diabetes Care2011;34:703-9.
OpenUrlAbstract/FREE Full Text


	↵Geleijnse JM, Witteman JC, Stijnen T, Kloos MW, Hofman A, Grobbee DE. Sodium and potassium intake and risk of cardiovascular events and all-cause mortality: the Rotterdam Study. Eur J Epidemiol2007;22:763-70.
OpenUrlCrossRefPubMedWeb of Science


	↵He J, Ogden LG, Vupputuri S, Bazzano LA, Loria C, Whelton PK. Dietary sodium intake and subsequent risk of cardiovascular disease in overweigh adults. JAMA1999;282:2027-34.
OpenUrlCrossRefPubMedWeb of Science


	↵Kagan A, Popper JS, Rhoads GG, Yano K. Dietary and other risk factors for stroke in Hawaiian Japanese men. Stroke1985;16:390-6
OpenUrlAbstract/FREE Full Text


	↵Larsson SC, Virtanen MJ, Mars M, Männistö S, Pietinen P, Albanes D, et al. Magnesium, calcium, potassium, and sodium intakes and risk of stroke in male smokers. Arch Intern Med2008;168:459-65.
OpenUrlCrossRefPubMedWeb of Science


	↵Nagata C, Takatsuka N, Shimizu N, Shimizu H. Sodium intake and risk of death from stroke in Japanese men and women. Stoke2004;35:1543-7.
OpenUrlAbstract/FREE Full Text


	↵Tunstall-Pedoe H, Woodward M, Tavandale R, Brook R, McCluskey MK. Comparison of the prediction by 27 different factors of coronary heart disease and death in men and women of the Scottish heart health study: cohort study. BMJ1997;315:722-9.
OpenUrlAbstract/FREE Full Text


	↵Tuomilehto J, Jousilahti P, Rastenyte D, Moltchanov V, Tanskanen A, Pietien P. Urinary sodium excretion and cardiovascular mortality in Finland: a prospective study. Lancet2001;357:2001.
OpenUrl


	↵Umesawa M, Iso H, Date C, Yamamoto A, Toyoshima H, Watanabe Y, et al. Relations between dietary sodium and potassium intakes and mortality from cardiovascular disease: the Japan Collaborative Cohort Study for Evaluation of Cancer Risks. Am J Clin Nutr2008;88:192-202.
OpenUrl


	↵Hypertension Prevention Trial Research Group.The Hypertension Prevention Trial: three-year effects of dietary changes on blood pressure. Arch Intern Med1990;150:153-62.
OpenUrlCrossRefPubMedWeb of Science


	↵Morgan T, Adam W, Gillies A, Wilson M, Morgan G, Carney S. Hypertension treated by salt restriction. Lancet1978;1:227-30.
OpenUrlCrossRefPubMedWeb of Science


	↵Whelton PK, Appel LJ, Espeland MA, Applegate WB, Ettinger WHJ, Kostis JB, et al. Sodium reduction and weight loss in the treatment of hypertension in older persons: a randomized controlled trial of nonpharmacologic interventions in the elderly (TONE). JAMA1998;279:839-46.
OpenUrlCrossRefPubMedWeb of Science


	↵He F, MacGregor G. Importance of salt in determining blood pressure in children: meta-analysis of controlled trials. Hypertension2006;48:861-9.
OpenUrlCrossRef


	↵Dietary Guidelines Advisory Committee’s NEL evidence-based systematic reviews. What is the effect of a reduced sodium intake on blood pressure in children from birth to age 18 years? (DGAC 2010) 2011. www.nutritionevidencelibrary.com/conclusion.cfm?conclusion_statement_id=250164.



	↵Geleijnse JM, Grobbee DE, Hofman A. Sodium and potassium intake and blood pressure change in childhood. BMJ1990;300:899-902.
OpenUrlAbstract/FREE Full Text


	↵Ellison RC, Capper AL, Stephenson WP, Goldberg RJ, Hosmer DW Jr, Humphrey KF, et al. Effects on blood pressure of a decrease in sodium use in institutional food preparation: The Exeter-Andover Project. J Clin Epidemiol1989;42:201-8.
OpenUrlCrossRefPubMedWeb of Science


	↵Howe PR, Jureidini KF, Smith RM. Sodium and blood pressure in children—a short-term dietary intervention study. Proc Nutr Soc Aust1985;10:121-4.
OpenUrl


	↵Miller JZ, Weinberger MH, Daugerty SA, Fineberg NS, Christian JC, Grim, CE. Blood pressure response to dietary sodium restriction in healthy normotensive children. Am J Clin Nutr1988;47:113-9.
OpenUrlAbstract/FREE Full Text


	↵Palacios C, Wigertz K, Martin BR, Jackman L, Pratt JH, Peacock M, et al. Sodium retention in black and white female adolescents in response to salt intake. J Clin Endocrinol Metab2004;89:1858-63.
OpenUrlCrossRefPubMedWeb of Science


	↵Trevisan M, Cooper R, Ostrow D, Miller W, Sparks S, Leonas Y, et al. Dietary sodium, erythrocyte sodium concentration, sodium-stimulated lithium efflux and blood pressure. Clin Sci (Lond)1981;61(Suppl 7):29-32.
OpenUrlPubMed


	↵Calabrese EJ, Tuthill RW. The Massachusetts blood pressure study, part 3. Experimental reduction of sodium in drinking water: effects on blood pressure. Toxicol Ind Health1985;19-34.



	↵Gillum RF, Elmer PJ, Prineas RJ. Changing sodium intake in children. The Minneapolis Children;s Blood Pressure Study. Hypertension1981;3:698-703.
OpenUrlCrossRef


	↵Howe PR, Cobiac L, Smith RM. Lack of effect of short-term changes in sodium intake on blood pressure in adolescent schoolchildren. J Hypertens1991;9:181-6.
OpenUrlCrossRefPubMedWeb of Science


	↵Sinaiko AR, Gomez-Marin O, Prineas RJ. Effect of low sodium diet or potassium supplementation on adolescent blood pressure. Hypertension1993;21(6 Pt2):989-94.
OpenUrlCrossRef


	↵Paterna S, Gaspare P, Fasullo S, Sarullo FM, Di Pasquale P. Normal-sodium diet compared with low-sodium diet in compensated congestive heart failure: is sodium an old enemy or a new friend? Clin Sci (Lond)2008;114:221-3.
OpenUrlAbstract/FREE Full Text


	↵Chang HY, Hu YW, Yue CS, Wen YW, Yeh WT, Hsu LS, et al. Effect of potassium-enriched salt on cardiovascular mortality and medical expenses of elderly men. Am J Clin Nutr2006;83:1289-96.
OpenUrlAbstract/FREE Full Text


	↵Hu HH, Sheng WY, Chu FL, Lan CF, Chiang BN. Incidence of stroke in Taiwan. Stroke1992;23:1237-41.
OpenUrlAbstract/FREE Full Text


	↵Desai M, Stockbridge N, Temple R. Blood pressure as an example of a biomarker that functions as a surrogate. AAPS J2006;8:E146-52.
OpenUrlCrossRefPubMedWeb of Science


	↵Vasan RS. Biomarkers of cardiovascular disease: molecular basis and practical considerations. Circulation2006;113:2335-62.
OpenUrlFREE Full Text


	↵Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective Studies Collaboration. Age-specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective studies. Lancet2002;360:1903-13.
OpenUrlCrossRefPubMedWeb of Science


	↵Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ2003;327:557-60.
OpenUrlFREE Full Text


	↵Cook NR, Cohen J, Hebert PR, Taylor JO, Hennekens CH. Implications of small reductions in diastolic blood pressure for primary prevention. Arch Intern Med1995:155:701-9.



	↵McPherson K, Britton A, Causer L. Coronary heart disease: estimating the impact of changes in risk factors. National Heart Forum. Stationery Office, 2002.



	↵Rose G. Sick individuals and sick populations. Int J Epidemiol1985;14:32-8.
OpenUrlAbstract/FREE Full Text


	↵Chen X, Wang Y. Tracking of blood pressure from childhood to adulthood: a systematic review and meta-regression analysis. Circulation2008;117:3171-80.
OpenUrlAbstract/FREE Full Text


	↵Murray CJ, Lauer JA, Hutubessy RC, Niessen L, Tomijima N, Rodgers A, et al. Effectiveness and costs of interventions to lower systolic blood pressure and cholesterol: a global and regional analysis on reduction of cardiovascular-disease risk. Lancet2003;361:717-25.
OpenUrlCrossRefPubMedWeb of Science


	↵Intersalt: an international study of electrolyte excretion and blood pressure. Results for 24 hour urinary sodium and potassium excretion. Intersalt Cooperative Research Group. BMJ1988;297:319-28.
OpenUrlAbstract/FREE Full Text


	↵Meade T. Review: plasma renin and the incidence of cardiovascular disease. J Renin Angiotensin Aldosterone Syst2010;11:91-8.
OpenUrlAbstract/FREE Full Text


	↵Volpe M, Battistoni A, Chin D, Rubattu S, Tocci G. Renin as a biomarker of cardiovascular disease in clinical practice. Nutr Metab Cardiovasc Dis2012;22:312-7.
OpenUrlCrossRefPubMed


	↵Alderman MH, Madhavan S, Ooi WL, Hillel C, Jean ES, John HL. Association of the renin-sodium profile with the risk of myocardial infarction in patients with hypertension. N Engl J Med1991;324:1098-104.
OpenUrlCrossRefPubMedWeb of Science


	↵Gonzalez MC, Cohen HW, Sealey JE, Laragh JH, Alderman MH. Enduring direct association of baseline plasma renin activity with all-cause and cardiovascular mortality in hypertensive patients. Am J Hypertens2011;24:1181-6.
OpenUrlAbstract/FREE Full Text


	↵Meade TW, Cooper JA, Peart WS. Plasma renin activity and ischemic heart disease. N Engl J Med 1993;329:616-9.
OpenUrlCrossRefPubMedWeb of Science


	↵Volpe M, Francia P, Tocci G, Rubattu S, Cangianiello S, Elena Rao MA, et al. Prediction of long-term survival in chronic heart failure by multiple biomarker assessment: a 15-year prospective follow-up study. Clin Cardiol2010;33:700-7.
OpenUrlCrossRefPubMedWeb of Science


	↵World Health Organization. WHO handbook for guideline development. WHO, 2010.







View Abstract
  


  
  



  





  


  
  

        
      

  

  
  
  
     
  
      
  
  
     Back to top  


  
  

 

  

   



 
  

                
                            

        

        
                    
                
                    
                          
    

      
  
  
    
      
  
        
      Follow us on    

    
  
  
    
  	Twitter
	Facebook
	YouTube
	RSS



  


  
  

    

    
      
        
          
  
        
      Content links    

    
  
  
    
  	Collections
	Health in South Asia
	Women’s, children’s & adolescents’ health
	Zika virus
	Research
	Education
	News and views
	BMJ Opinion
	Rapid responses
	Archive



  


  
  

        

        
          
  
        
      About us    

    
  
  
    
  	About us
	Editorial staff
	BMJ in the USA
	BMJ in South Asia
	Advisers
	Policies
	Submit your paper



  


  
  

        

        
          
  
        
      Resources    

    
  
  
    
  	Authors
	Reviewers
	BMA members
	Readers
	Subscribers
	Advertisers and sponsors
	Media
	Recruiters



  


  
  

        

        
          
  
        
      Explore BMJ    

    
  
  
    
  	Our company
	BMJ Careers
	BMJ Learning
	BMJ Masterclasses
	BMJ Journals
	BMJ Student
	Academic edition of The BMJ
	BMJ Best Practice
	The BMJ Awards



  


  
  

        

        
          
  
        
      My account    

    
  
  
    
  	Email alerts
	Activate subscription



  


  
  

        

        
          
  
        
      Information    

    
  
  
    
  	Contact us
	Complaints



  


  
  

        

      

    

  


  
    
      
  
      
  
  
    
  	Cookie settings
	Cookie Policy
	Privacy policy
	Website T&Cs
	Revenue Sources
	HighWire Press
	Sitemap



  


  
  



  
      
  
  
    
Copyright © 2024 BMJ Publishing Group Ltd

  


  
  

    

  





 
  

                     
                

            

        
        
    
 

 
  









  



[image: ]




  
  
