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Salt: flawed research should not divert actions to reduce intake
Feng J. He and Graham A. MacGregor

A recent study suggests that reducing salt should be confined to hypertensive individuals with high salt intake. However, this study has serious methodological issues and therefore, its findings should not challenge the strong evidence supporting the benefits of salt reduction for the general population. 

Refers to Mente, A. et al. Associations of urinary sodium excretion with cardiovascular events in individuals with and without hypertension: a pooled analysis of data from four studies. Lancet http://dx.doi.org/10.1016/S0140-6736(16)30467-6 (2016).
 
A recent study by Mente et al.1 analysed four large cohort studies and showed that hypertensive individuals with a salt intake of 10–12.5 g per day (that is 4–5g of sodium per day) had a lower risk of death or  cardiovascular disease (CVD) event, than individuals with higher or lower levels of salt intake (17.5g or 7.5g of salt per day). In individuals without hypertension, consuming < 7.5 g of salt per day was associated with an increased risk of death and CVD, whereas high salt intake was not1. 
This study has several serious methodological flaws, however. The use of a single spot urine to estimate individual usual salt intake is inaccurate and unreliable as spot urinary sodium concentration depends on fluid intake, time of sampling, duration and volume of the collection, individuals’ posture, and time since the last salt-containing meal2. Spot urinary sodium overestimates low levels of salt and underestimates high levels of salt by as much as 7.5 g per day3. 24-hour urinary sodium is considered the gold standard for assessing salt intake. Despite this, one single 24-hour urine does not reflect an individual’s usual intake owing to the large day-to-day variations. A reasonably accurate estimate of salt intake in an individual requires six to 11 24 h urine collections2. Furthermore, in cohort studies, salt intake measured at baseline, does not reflect salt consumption level over subsequent years of the study. Mente et al. tried to overcome the issue of the day-to-day variability in salt intake by accounting for the degree of the correlation of two spot urine measures taken 30–90 days apart in a subgroup of 448 participants and then adjusted the estimate for regression dilution bias. Given the imprecision of spot urine sodium to estimate daily salt consumption, the adjusted measurements are unlikely to reflect an individual’s salt intake.
Another major concern with this study is reverse causality2: many of the participants were enrolled in treatment trials for people with vascular disease or at high risk of CVD, and therefore represent a population who are ill, and are likely to eat less food and consume less salt. Mente et al. tried to address reverse causality by excluding individuals with a history of cardiovascular events; however, individuals with a potential high risk of CVD, such as those with prehypertension and family history of CVD, were included. These high-risk individuals were more likely to make an effort to reduce their salt intake, which is also a further source of reverse causality2. Additionally, the participants with increased CVD risk ingested only 2–5 g of salt per day2 (a level that is almost impossible to achieve in the current food environment), which reinforces a potential major measurement error and/or severe reverse causality. Lastly, the number of events in the lowest category of salt intake was very small (n = 70 in normotensive individuals), which does not allow any conclusion to be drawn. 
Data from three of the four cohorts included in the analysis (comprising >130,000 participants) have previously been published. By including 2,850 additional individuals from the EPIDREAM study, it is not surprising that the current study does not add to or change previous findings2. 
Mente et al.2 suggest that the higher risk of CVD in individuals with a low salt intake could be due to activation of the renin–angiotensin–aldosterone and the sympathetic nervous systems, based on the meta-analysis by Graudal et al. Graudal’s meta-analysis, however, included a large number of trials of acute severe salt loading and abrupt and severe salt restriction (from 20 g to less than 1 g per day for only a few days, for example), which are not relevant to public health recommendations. Randomised trials demonstrate that a longer-term modest reduction in salt intake only leads to a small physiological increase in plasma renin activity and noradrenaline 4, which Mente et al. failed to mention. Furthermore, thiazide diuretics lower blood pressure through a similar mechanism to that of salt reduction, and also stimulate the renin–angiotensin system and, in the short term, the sympathetic nervous system, but significantly reduce cardiovascular morbidity and mortality in hypertensive individuals. 
 Rigorous randomized trials have consistently demonstrated a continuous linear relationship between salt intake and blood pressure down to 3–4 g of salt per day in both hypertensive and normotensive individuals4, 5. Mente et al. also found a significant direct association between salt intake and blood pressure, which, given the very strong relationship between blood pressure and CVD risk (down to a systolic pressure of 115 mmHg), should again have made them question their findings of a high risk of CVD with low salt intake.
Well-designed long-term cohort studies with multiple measurements of 24 h urinary sodium over the course of follow-up3, analysis of long-term salt reduction trials6, physiological studies in animals and humans, as well as public health interventions at the population level7 have shown that lower salt intake is associated with a reduced risk of CVD. Estimating population averages is far less subject to error than estimating individual intake, which is critical in cohort association studies3. This difference might explain why countries with successful public health interventions that have reduced salt intake in the population, such as Japan, Finland and the UK, have shown reductions in blood pressure and cardiovascular mortality, whereas cohort studies using short-term inaccurate individual measures have not3. 
The current salt intake in most populations is approximately 9–12 g per day. The WHO recommends a reduction in salt intake of 30% by 2025 with an eventual target of 5 g per day in all countries around the world. Many countries have started salt reduction initiatives and salt intake has fallen in several countries. In the UK, the average salt intake, as measured by 24 h urinary sodium excretion in a random sample of the adult population, fell by 15% (from 9.5 g per day in 2003 to 8.1 g per day in 2011)7. This reduction was accompanied by a significant fall in population blood pressure and mortality from stroke and ischaemic heart disease (FIG. 1)7. The National Institute for Health and Care Excellence estimated that the salt-reduction programme resulted in ~£1.5 billion of savings per year in health care in the UK8. Many other countries are following the UK’s lead by setting salt reduction targets. In 2016, the FDA proposed voluntary salt targets for ~150 categories of food9, which would reduce salt intake in the population to 7.5 g per day in 2 years and to ~6 g per day in 10 years.
In conclusion, the totality of the evidence strongly supports the need for a population-wide reduction in salt consumption. The paradoxical findings of the study by Mente et al., which has several severe methodological issues, should not be used to refute the strong evidence showing that reducing population salt intake is beneficial to health nor divert action to reduce salt intake. Indeed, salt reduction is one of the most cost-effective, feasible, and affordable public health interventions to prevent CVD. Every county should adopt a coherent workable strategy to reduce salt intake to the WHO recommended level. The benefits would be very large, including ~1.65 million CVD-related deaths prevented each year10 and major cost-savings.
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Figure 1 | Changes in salt intake (measured by 24 h urinary sodium (UNa) excretion), blood pressure (BP), stroke and ischemic heart disease (IHD) mortality in England, from 2003 to 2011. * P<0.05, *** P<0.001. Reproduced with permission from BMJ Publishing Group Ltd © He, F.J., Pombo-Rodrigues, S. & MacGregor, G.A. BMJ Open 4, e004549 (2014).) 
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