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Abstract Purpose of Review:
The scientific consensus on which global health organizations base public health policies is that high



sodium intake increases blood pressure (BP) in a linear fashion contributing to cardiovascular disease
(CVD). A moderate reduction in sodium intake up to 2000 mg per day helps ensure that BP remains at a
healthy level to reduce the burden of CVD.
Recent Findings:
Yet, since as long ago as 1988, and more recently in eight articles published in the European Heart
Journal in 2020 and 2021, some researchers have propagated a myth that sodium does not consistently
reduce CVD but rather that lower sodium might increase the risk of CVD. These claims are not well-
founded and support some food and beverage industry’s vested interests in the use of salt to preserve
food, enhance taste, and increase thirst. Nevertheless, some researchers, often with funding from the
food industry, continue to publish such claims without addressing the numerous objections. This article
analyzes the eight articles as a case study, summarizes misleading claims, their objections, and it offers
possible reasons for such claims.
Summary:
Our study calls upon journal editors to ensure that unfounded claims about sodium intake be rigorously
challenged by independent reviewers before publication, to avoid editorial writers who have been co-
authors with the subject paper’s authors; to require statements of conflict of interest and to ensure that
their pages are used only by those who seek to advance knowledge by engaging in the scientific method
and its collegial pursuit. The public interest in the prevention and treatment of disease requires no less.

Keywords (separated by '-') Sodium (salt) intake - Population sodium reduction - Cardiovascular prevention - Public health policy -
Ethics - Conflict of interest

Footnote Information This article is part of the Topical Collection on Public Health Nutrition†The views expressed herein are
not necessarily the views or the stated policy of World Health Organization (W.H.O.) and the
presentation of material does not imply the expression of any opinion on the part of W.H.O.
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Abstract
Purpose of Review The scientific consensus on which global health organizations base public health policies is that high 
sodium intake increases blood pressure (BP) in a linear fashion contributing to cardiovascular disease (CVD). A moderate 
reduction in sodium intake up to 2000 mg per day helps ensure that BP remains at a healthy level to reduce the burden of 
CVD.
Recent Findings Yet, since as long ago as 1988, and more recently in eight articles published in the European Heart Jour-
nal in 2020 and 2021, some researchers have propagated a myth that sodium does not consistently reduce CVD but rather 
that lower sodium might increase the risk of CVD. These claims are not well-founded and support some food and beverage 
industry’s vested interests in the use of salt to preserve food, enhance taste, and increase thirst. Nevertheless, some research-
ers, often with funding from the food industry, continue to publish such claims without addressing the numerous objections. 
This article analyzes the eight articles as a case study, summarizes misleading claims, their objections, and it offers possible 
reasons for such claims.
Summary Our study calls upon journal editors to ensure that unfounded claims about sodium intake be rigorously chal-
lenged by independent reviewers before publication, to avoid editorial writers who have been co-authors with the subject 
paper’s authors; to require statements of conflict of interest and to ensure that their pages are used only by those who seek to 
advance knowledge by engaging in the scientific method and its collegial pursuit. The public interest in the prevention and 
treatment of disease requires no less.

Keywords Sodium (salt) intake · Population sodium reduction · Cardiovascular prevention · Public health policy · Ethics · 
Conflict of interest

Introduction

Sodium intake is a major determinant of blood pressure (BP) 
[1–3]. A reduction in dietary sodium consumption reduces 
BP in both individuals and populations [1, 2, 4•]. The effect 

is dose-dependent; it is detected in both sexes and all eth-
nic groups, starts in children, becomes greater as we grow 
older and increases as the baseline BP increases [5–7]. Meta-
analyses of randomized controlled trials demonstrate a lin-
ear reduction in cardiovascular disease (CVD) when dietary 
sodium is reduced from 4100 mg/day to 2300 mg/day [8••]. 
Based on the evidence accrued over the past 40 years, and on 
repeated, careful, independent scientific reviews conducted 
by many governmental and non-governmental organizations, 
national and international public health authorities recom-
mend a reduction in dietary sodium consumption to help pre-
vent and treat hypertension and to help prevent CVD [8••, 
9, 10•, 11, 12•, 13•, 14, 15]. The World Health Organiza-
tion (WHO) [16] and the National Academies of Science, 
Engineering and Medicine (NASEM) [8••] recommend that 
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dietary sodium intake be less than 2000 and 2300 mg/day, 
respectively, based on strong to moderate evidence of the 
impact of sodium on BP and CVD. Such recommendations 
have been opposed by sectors of the food and beverages 
industry for decades. High sodium consumption is a source 
of profit by increasing preference for salty foods, enhancing 
water binding in meat products to increase weight and there-
fore price before packaging, making cheap and unpalatable 
food edible at minimal cost. High sodium intake also causes 
thirst and high demand for beverages, including those such 
as sugar-sweetened beverages manufactured by the same 
industries that produce salty foods [17]. A reduction in BP 
would reduce the prevalence of hypertension and the use of 
anti-hypertensive medications, reducing costs for the health-
care system.

Notwithstanding the compelling evidence, some stud-
ies have reported contradictory results on the association 
between sodium consumption and health outcomes [18–35]. 
The studies report that, rather than there being a linear rise 
in CVD as sodium intake rises, CVD declines as sodium 
levels declines from high levels, with the benefit then 
leveling off and CVD increasing for lower sodium levels 
(describing a J-shaped curve). These results cast doubt on 
the wisdom of global policies recommending a moderate 
reduction in the consumption of sodium for individuals and 
populations to help reduce the burden of CVD, which is the 
leading cause of illness, disability, and death worldwide. 
The authors of these studies have even suggested that reduc-
ing daily sodium consumption below 3000 mg (i.e. 7.5 g of 
salt) can harm health; this claim has generated controversy 
[17, 36, 37, 38••, 39–46, 47•, 48–56], often heated debates 
[37, 44, 57–64], and general confusion for clinicians, health 
professionals and policy makers because the results are in 
stark contrast to the evidence. In some cases, the authors 
have received financial support from the food and beverages 
industry, which they have not always declared as a conflict 
of interest [47•]. Thorough scientific critiques of those pub-
lications have consistently raised serious concerns about the 
quality of the methods used and refuted those conclusions 
[37, 39, 40, 44, 57, 58, 63, 65–67]. Nevertheless, a small 
group of scientists continues to publish research based on 
use of the same flawed methods and without an acknowl-
edgement of the criticisms of their work. This practice 
of publishing controversial results that are discredited by 
reputable scientists and scientific authorities [8••] is con-
trary to the norms of science and the expected behavior of 
scientists. Moreover, continuing to insist upon the validity 
of the J-curve representation of data, without recognizing 
and addressing criticisms and making appropriate amend-
ments, reinforces misperceptions about the benefits and risks 
of reducing sodium consumption (Table 1) [17]. The latest 
series of controversial publications was published in a single 
journal [68–75]. As scientists, we share the desire to advance 

science by using its methods which includes attempting to 
replicate or reanalyze those studies that arrive at unusual 
conclusions and to achieve a scientific consensus upon 
which to make clinical and public health recommendations. 
Many millions of people’s lives depend upon the quality of 
such recommendations. Consequently, we wish to use the 
recent series of publications in the European Heart Jour-
nal that make controversial claims about sodium’s effect on 
CVD as a case study to highlight our concerns and to make 
readers aware of the numerous reasons that these claims are 
not substantiated.

Case Study: the European Heart Journal

Toward the end of 2020 and the beginning of 2021, the 
European Heart Journal published eight articles on sodium 
and CVD, including one research article [75], one review 
[73], three commissioned editorials [68, 70, 71], and three 
commentaries [69, 72, 74]. These articles individually and 
collectively cast doubt on sodium-reduction recommenda-
tions, stating that “there is insufficient evidence to date to 
recommend a low sodium intake” at the population level 
[73], and that “it is premature to recommend reducing 
sodium to low levels if we are […] potentially [to] risk the 
lives of millions of people worldwide” [71]. By “low” the 
authors mean sodium intake below 2300 mg/day (5.75 g of 
salt per day) [73]. Such statements might derail current pub-
lic health programmes to reduce population dietary sodium 
consumption to prevent CVD worldwide. It is of particular 
concern that the evidence offered in these papers to sup-
port their recommendation does not reflect the totality of 
the evidence or rebut the great body of evidence indicating 
the value of lower-sodium diets. Collectively these articles 
express opinions based on flawed evidence without due 
discussion of the scientific criticisms of the methods and 
evidence that supports reduction in dietary sodium intake 
globally [1–3, 4•, 6, 7, 8••, 9, 10•, 11, 12•, 13•, 14]. The 
articles perpetuate old myths about sodium intake, BP, and 
CVD (Table 1) and create a controversy based on denial of 
the merits of the existing scientific consensus, with the lack 
of acknowledgement of the evidence and the unwillingness 
to directly address the scientific criticisms of their methods 
[43, 49, 50, 52, 53, 55, 60, 62, 70–72, 76–81].

How Much Sodium Do We Eat and What are 
the Sources of Dietary Sodium?

Sodium is an “essential nutrient” in amounts derived from 
natural food. Above this amount, sodium is added to mod-
ern diets through discretionary sources such as salt and 
monosodium glutamate, and through food processing that 
leads to consumption of an amount that is more than five 
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Table 1  Misperceptions about salt reduction: myths and facts

Myths Facts

Our body needs sodium The body efficiently conserves sodium. It is difficult to eat too little 
sodium as sodium is already in most foods we eat every day. People 
in some remote areas of the world or in rural areas of developing 
countries still survive on a fraction of the amount of sodium eaten in 
the Western world (as low as 100–200 mg per day). Although much 
table salt is iodized, the required level of iodine can be achieved with 
sodium intake of 2300 mg/day. There is no evidence of harmful effects 
of a modest reduction in sodium intake in the range 2300–4100 mg 
per day

The current sodium intake is a
physiologically set normal
range in adult humans

During several million years of evolution mankind has survived on very 
little sodium in the diet (under 1000 mg per day). Even in modern times, 
this low intake is still seen in the Yanomano and Xingu Indians living 
in the humid and hot environment of the Amazon jungle. They eat less 
than 1200 mg of sodium (3 g of salt) per day, their BP does not rise with 
age and stroke events are rare. Meanwhile in industrialized populations, 
the high sodium intake, typically 3000 to 4800 mg of sodium (9 to 12 g 
of salt) per day is recent phenomenon in evolutionary terms. In these 
groups, BP rises steadily with age, followed by stroke and CHD

The ‘‘normal’’ sodium intake is between 5.0 and 7.5 g per day (12.5 
and 18.5 g salt per day) and a “moderate” intake between 3.0 and 
5.0 g per day (7.5 and 12.5 g salt per day)

The range of dietary sodium reported by some as ‘‘normal’’ is only 
the ‘‘usual’’ range in industrialized westernized countries. It is not 
a physiological normal. The physiological level compatible with life 
is seen when access to added dietary sodium is limited, as in parts of 
Africa, Asia, and South America. Furthermore, this excessive sodium 
intake is not a matter of personal choice. Only 10–20% of sodium in 
our diets comes from that added to food by consumers

Only old people need to worry about how much sodium they eat Eating too much sodium raises BP at any age, starting at birth and 
affecting children of all ages. It is best to reduce sodium intake at a 
young age to form low-salt taste preferences and forestall the onset of 
hypertension

Only people with hypertension need to reduce their sodium intake A reduction in sodium intake reduces BP in both normotensive and 
hypertensive individuals. It is even more important that people 
‘‘without’’ hypertension reduce their sodium intake, because 
the population-wide number of cardiovascular events that can be 
attributed to their level of BP is high, but their BP does not make 
them eligible for drug therapy

Sodium intake below 3.0 g per day (7.5 g of salt per day) could be 
potentially harmful

This claim is based on either flawed or unreliable evidence, as extensively 
argued in recent years (see “Case study: the European Heart Journal” 
section). On the contrary, there is much evidence that a modest reduction 
in daily sodium intake (down to 2000 mg) has many beneficial effects on 
health and is one of the most cost-effective ways to reduce CVD in the 
population

Sustained reduction in sodium intake is not feasible in free-living 
individuals

The experience in the UK (15% or 1.4 g salt per day population reduction 
achieved in

7 years) and longer in Finland and Japan (about 3 g salt per day population 
reduction achieved over two decades, though intakes are still excessive) 
demonstrate that public health policy can lead to substantial reductions 
in population salt intake. This is paralleled by significant reductions in 
population BP and in stroke rates, with ensuing cost savings. These salt 
reductions have very little to do with changing individual behavior, but 
mainly reflect a healthier environment: the reformulation of industrial-
produced and distributed food with lower sodium content. Most  
individuals in most developed countries have little choice over how much 
salt they are eating because of the ubiquity of processed food. Secondly, 
the health benefits of, and progress in achieving, salt reduction are 
greater if mandatory regulations for food reformulation are introduced
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times higher than that expected from natural food sources 
[82]. Studies establishing the physiological requirements 
for sodium are not available [83]. However, from balance 
studies and the DASH-sodium trial [84], the 2019 National 
Academy of Science DRI Report provides an estimate of 
adequate sodium intake in adults of 1500 mg/day [8••]. In 
many high-income countries, more than 70% of sodium 
consumed results from the addition of sodium during food 
manufacturing, and food preparation in fast-food and sit-
down restaurants, with no more than 10–15% of the sodium 
consumed coming from natural sources, with the remain-
der resulting from discretionary use in home cooking and 
at the table [7, 85–87]. In most low- and middle-income 
countries, however, excessive sodium consumption results 
from the addition of sodium, high-sodium sauces, and con-
diments during food preparation, cooking, and at the table 
[88]. The disparate sources of dietary sodium intake have 
implications for the choices of population-wide strategies to 
reduce its consumption. Globalization of the food industry 
is increasing the exposure of populations in middle- and 
low-income countries to sodium in processed foods with a 

transition towards more processed and ultra-processed food 
consumption [89].

What Is a “Normal” Sodium Intake?

What we measure today in most human populations is 
“usual” sodium intake, which cannot be conflated with being 
biologically “normal.” The Palaeolithic human diet and 
that of humans living a hunter-gatherer subsistence today 
contain under 1000 mg of sodium per day [90]. Contem-
porary hunter-gatherer societies still survive with average 
sodium intake of 1000 mg per day or considerably less. At 
present, people in several communities around the world still 
live with a daily sodium consumption of < 400 mg (< 1 g 
salt) [91–93], an amount of sodium that is compatible with 
healthy life. Individuals in these populations have a much 
lower average BP than is usual in most societies, and their 
BP does not increase with age. Within a population, sodium 
(salt) consumption is continuously distributed from low to 
high [94]. Therefore, definitions of “extremely low, very 
low, low, normal, high, very high, extremely high”, as used 

Modified from [17]

Table 1  (continued)

Myths Facts

A reduction in sodium intake below 3.0 g per day activates the renin-
angiotensin system

There is no evidence for choosing 3.0 g of sodium per day as a cut-off 
point. When sodium intake is reduced, the activation of the renin-
angiotensin system is a normal physiological response, like that which 
occurs with diuretic treatment. Outcome trials have demonstrated clear 
benefits of diuretics on CVD outcomes. Additionally, with a longer-
term modest reduction in salt intake, there is only a very small increase 
in plasma renin activity, and this is true in any ethnic group

Rock salt, sea salt or other expensive salts are more healthful than 
table salt

All these salts contain > 95% sodium chloride, whether in grains, crystals, 
flakes, or with different color appearance

We need sodium in hot climates
or when we exercise because we sweat a lot

We lose only a small amount of sodium through sweat. We are adaptable. 
The less sodium we eat, the lower the sodium content of our sweat. 
Thus, in hot climates, it is important to drink plenty of water to avoid 
dehydration. But we do not need to ingest more sodium

Consumer taste preferences make change impossible As sodium intake falls, the taste receptors for sodium in the mouth 
become more sensitive to lower concentrations within a couple of 
months. Furthermore, consumer experience in the UK and elsewhere 
confirms that where sodium has been gradually reduced in major 
brand products, there has been no reduction in sales and no complaints 
about taste. Furthermore, once sodium intake is reduced, many people 
prefer food with less sodium

Food technology cannot change The effective UK Food Standards Agency sodium reduction program, 
as well as other experience, demonstrates that it is possible to remove 
as much as half of the sodium out from a product gradually without 
noticeable changes in flavour or consumer acceptance. Finland and 
Japan have done better still

Food Safety requires the use of salt Sodium is seldom used as a preservative in the twenty-first century, 
but many companies could reduce sodium significantly in processed 
meats and other preserved foods. Furthermore, many microbiological 
modelling tools can be used to help the industry predict the safety and 
shelf-life of food
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in several articles [25–27, 71, 73, 75, 79, 95] are arbitrary. 
These concepts, and the consequences of reporting biased 
interpretation of results, have been extensively reported in 
the literature, but systematically neglected [71, 73, 77–79]. 
Therefore, a more standardized nomenclature for the reduc-
tion in daily dietary sodium (salt) intake has been suggested, 
based on evidence (Table 2) [83].

Does a Reduction in Sodium Intake Reduce 
Cardiovascular Risk?

Mente et al. [71] argue that there is no “definitive evidence” 
or any study showing a “clear reduction” in clinical out-
comes from reducing sodium intake. The statement is incor-
rect because there is evidence to this effect. The evidence 
includes randomized clinical trials including TONE [96] 
and TOHP [97] and meta-analyses of these studies and a 
few others indicating a 20–30% reduction of cardiovascu-
lar events after a period of moderate reduction of sodium 
intake from 4100 to 2300 mg [2, 8••]. Furthermore, a recent 
large salt-substitution trial carried out in China showed that 
a reduction in sodium consumption of 350 mg per day with 
an increase in potassium consumption of 803 mg caused a 
statistically significant 14% reduction in fatal and non-fatal 
strokes over 4.7 years of follow-up, with reductions of non-
fatal acute coronary syndrome events (− 30%) and of deaths 
from any cause (− 12%) [98••], confirming early evidence 
from a smaller study in Taiwan [99]. While calling for a 
controlled trial to provide “robust evidence” to support the 
current global policies, Mente et al. lend their support to an 
“ecological analysis” of global statistics by Messerli et al. 
[75]. There are many inherent limitations of such analyses. 
Messerli et al. [75] correlate sodium and outcomes by coun-
try, not by individual. The study design is unable to remove 
unmeasured confounding (ecological fallacy), a well-known 
methodological concern that the authors acknowledge and 

then promptly dismiss. Many countries do not have data on 
sodium intake and, when available, it is often of poor quality. 
When comparing “high income” countries (in World Bank 
Income Class 1), the authors aggregate data from the USA, 
UK and Canada, Trinidad & Tobago, and Equatorial Guinea. 
The distribution of wealth in these countries and the ensuing 
disparities in individual health will have huge effects on life 
expectancy due to factors other than sodium intake, none of 
which are accounted for. In addition, Messerli et al. ignore 
the hard evidence from previous human trials. Yet, Messerli 
et al. claim their results “argue against dietary sodium intake 
being a culprit of curtailing life span or being a risk factor 
for premature death”.

International collaborators of the PURE study and a few 
others ignore the serious and fundamental flaws of their meth-
ods. Such flaws include inaccurate dietary assessment tools 
[18, 22] and spot urine samples with conversion formulas to 
estimate 24-h urinary sodium excretion [20, 23, 25, 27–29, 
32, 34, 35]. In large epidemiological studies, collection of 
spot urines is feasible but is chosen at the expense of validity 
when such data are used to predict risk of clinical outcomes 
[41, 100–102]. The use of sodium concentrations in fasting 
spot samples extrapolated to 24 h urinary sodium excretion 
using the Kawasaki or other formulas is an inappropriate 
method for estimating salt intake in individuals [103–105]. 
The authors’ validation study [106] criticized at the time of 
its publication [107], denies the presence of a significant bias 
when estimating individuals’ sodium excretion as shown in 
the Bland–Altman plots. However, the results of other vali-
dation studies are not in agreement [103]. They also fail to 
mention that a similar validation study in the Chinese cohort 
of the PURE study (the largest sample in the PURE study) 
showed up to 7000 mg/day differences between estimated 
and measured 24-h urine sodium, as well as low correlations 
and high systematic bias in Bland–Altman plots. The valida-
tion study concluded: “a more accurate method is needed to 
estimate 24-h urine sodium from spot samples …” [108]. 
The authors insist on the concept that the method could be 
useful to assess population means. However, they use data on 
individuals when assessing risk prediction in a cohort study 
design [25]. This is misleading because it has been long 
established that several 24-h urine collections are needed 
to approximate an individual’s usual sodium intake with a 
high degree of confidence (i.e. within 10%) and without bias 
[109–112]. Furthermore, the formulas themselves, independ-
ent of sodium, are important contributors to the J-shaped 
association between sodium intake and CVD or mortality, 
because the formulas make use of age, sex, urinary creatinine 
concentration, height, weight, most of which are independent 
predictors of CVD and mortality [113••, 114••]. By con-
trast, most cohort studies that used the method of repeated 
24-h urine collections to assess salt intake, identified beyond 
doubt a graded, mostly linear, relationship between sodium 

Table 2  Proposed nomenclature for sodium (salt) intake and the 
reductions in dietary sodium (salt)

Modified from [83]

Terminology Sodium (mg per day) Salt (g per day)

Intake
Normal (physiological)  < 1000  < 2.5
Recommended  < 2000  < 5.0
High ≥ 2000 ≥ 5.0
Very high  > 4000– ≤ 6000  > 10– ≤ 15
Extremely high  > 6000  > 15
Reduction
Small  < 1000  < 2.5
Moderate 1000–2000 2.5–5.0
Large  > 2000  > 5.0
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excretion and cardiovascular outcomes with no increase in 
CVD risk at lower sodium intakes [66, 114••, 115, 116].

The potential for reverse causality is another problem 
affecting many of the studies reporting a J-shaped associa-
tion between sodium and outcomes [23, 29–31, 66, 115]. The 
same research group in one of its reports presents a pooled 
analysis of four studies, namely the PURE and EpiDREAM, 
both population-based observational studies, and two obser-
vational analyses based on the non-randomized data bases 
of both ONTARGET and TRANSCEND clinical trials [28]. 
An important flaw is the consistent use of sick populations 
and patient groups to study the implications of a moderate 
reduction in sodium consumption in the general population. 
The combined sample from ONTARGET and TRANSCEND 
study included 28,800 participants from high-risk patients to 
undergo randomized clinical trials of anti-hypertensive treat-
ments. Those studied were old (mean age 66.5 ± 7.2 years; 
2.4 years older in the lower compared to the higher sodium 
intake group), 71% were men (but the lower sodium group 
included 54% women), all with significant previous disease 
(48% with MIs, 21% CVAs, 70% hypertension and 37% dia-
betes), all highly medicated with beta-blockers (57%), diu-
retics (29%), calcium channel blockers (35%), and ~ 75% on 
blockers of the renin-angiotensin system. The proportion of 
patients on diuretics was high in both the lower (41%) and 
the higher (43%) sodium intake groups [28]. The reported 
higher cardiovascular mortality in the lower sodium group 
was, in fact, only detected in the composite outcome of total 
CV death. This was exclusively accounted for by excess heart 
failure in this group, but not excess MI, stroke or non-CV 
death. Taken together, the results suggest that the patients at 
high risk of heart failure in the lower sodium intake group 
were more likely to take diuretics and be at higher risk of 
death due to the high mortality detected in that group (reverse 
causality) [37, 44, 57, 117]. In other words, the groups were 
not representative of the general population and confound-
ers related to pre-existing conditions ought to have been 
addressed in the report. Similar attention should be given to 
the PURE Study, an on-going epidemiological cohort study 
that has enrolled over 156,000 individuals in 17 countries. 
The paper reporting the results on sodium intake, BP and 
CVD analyzed only 65% of the original cohort (102,000 out 
of 156,000 participants) who were able to provide a spot 
urine sample. Compared to the overall original cohort, the 
sodium cohort had fewer participants from India (5 vs 18%) 
and more from China (42% vs 30%), with an imbalanced dis-
tribution across sodium groups (27). The lower-sodium group 
was 2.8 years older, had fewer men (29.6 vs 58.1%), fewer 
participants from Asian ancestry (33.8 vs 73.0%), more with 
history of CVD (9.2 vs 7.1%) and diabetes (10.6 vs 8.4%), 
and a greater proportion of people on regular medications, 
suggesting the presence of self-selected sicker participants 
in the lower-sodium group. These imbalances can result 

in confounding if not properly controlled and suggest that 
there may be additional unmeasured confounders, includ-
ing energy intake and physical activity, both of which are 
poorly measured in epidemiological studies Furthermore, the 
use of invalid methods to assess sodium intake introduces a 
bias [11, 41, 118–120]. Studies with more stringent qual-
ity control features have been able to avoid such biases and 
have obtained more reliable results [115]. The EpiDREAM 
cohort screened people at high-risk for incident type 2 dia-
betes, the majority being of non-European ethnicity, and 
over 70% being obese women, with a high proportion taking 
medications [121]. None of these four studies’ results can 
be generalized to inform current public health policies for a 
moderate reduction in sodium consumption in populations. 
The 2019 NASEM Report viewed these studies as highly 
biased, with the J-shaped curves likely due to methodological 
limitations [8••].

The flaws, reproduced in all countries of the PURE Study, 
are responsible for the artifactual J-shaped curve for the 
association between urinary sodium and clinical outcomes 
[113••]. A graded reduction in CVD (without a J-shape 
curve) has been described in meta-analyses of randomized 
controlled trials across the same levels of dietary sodium 
where the PURE and other controversial cohort studies find 
increasing CVD for lower sodium levels [8••] A J-curve has 
not been seen in meta-analyses of cohort studies that have 
employed high quality methods likely to avoid spurious par-
adoxical results [8••, 66, 115, 116, 122]. Twenty-four hour 
urine samples are the tool recommended by many regions of 
the World Health Organization to assess population sodium 
consumption [123–126]. However, the WHO STEPS survey 
still allows spot urines [127], despite of the evidence that the 
measures are flawed. Spot urines may be unable to monitor 
effectively changes in average population sodium consump-
tion over time, an important indicator of the effectiveness of 
sodium-reduction policies [13•, 128, 129].

Mis‑reporting Evidence and Denial

Both the study by Messerli et al. [75] and the accompany-
ing editorial by Mente et al. [71] claim that one strength of 
Messerli’s analysis is that “sodium intake was estimated from 
24-h urine collections”. A close perusal of the data source 
for the 24-h urinary sodium estimates used in the Messerli 
et al. report [130] indicates that this statement is incorrect 
and misleading. The Powles et al. study from which Messerli 
et al. obtained their 24-h urinary sodium estimates used a 
combination of 142 urine-based and 103 diet-based estimates. 
Several imputations were then made from 79 datapoints from 
26 surveys where both urine and diet estimates were available. 
Imputations of average salt consumptions were then used for 
countries that had no surveys. In other words, sodium intake 
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was not estimated from 24-h urine collections in Messerli’s 
analysis.

Moreover, in their editorial, Mente et al. argue that “it 
is premature to recommend reducing sodium to low levels 
[< 3 g of sodium or < 7.5 g of salt per day in the authors’ 
arbitrary classification] if we are to avoid a large waste of 
resources” [71]. Extensive health economic analyses across 
the world estimate that population salt reduction is one of 
the most cost-effective (and in some settings cost-saving) 
public health strategies to prevent cardiovascular disease 
globally [99, 131–157], and this policy has been adopted by 
the World Health Organization as one of the “best-buys” to 
help prevent CVD [158].

Reflections and Conclusions

The articles recently published in the European Heart Jour-
nal are based on flawed, biased, incomplete, and inaccu-
rate science. In addition, the level of misrepresentation and 
denial of the enormous body of evidence supporting rec-
ommendations to reduce dietary sodium intake raises seri-
ous concerns. A false sense of equipoise now obfuscates 
the facts and creates an aura of controversy that adds cred-
ibility to dissenting scientists who publish in high-impact 
journals. Their science is affected by poor rigour in research 
methodology, consistent bias and misrepresentation of the 
entire body of evidence available. The overrepresentation 
of dissenting paradoxical viewpoints in scientific journals, 
conferences, media, blogs, and other information outlets has 
“…succeeded in creating a false equivalence, even when 
there is only one credible side”, as an observer said [159].

The resurgence of advocacy against reducing dietary 
sodium intake might have occurred for complex reasons: 
conflict of interest and commercial bias have been a long-
standing issue, with some individuals known to be consult-
ants to the salt, food and pharmaceutical industries. Effort 
that creates a “debate” in the scientific literature when there 
is no authentic debate can generate research funding. Many 
reasons have hampered the ability to refute the false and 
misleading claims. They often include lack of public access 
to the data allegedly supporting research claims, unscientific 
conduct, and unclear rules as to which institution is respon-
sible for policing ethics obligations when many institutions 
are involved (granting bodies, research ethics committees, 
journals, health and scientific organizations, and govern-
ments) [38••]. Finally, controversial scientific papers might 
be accepted for publication because they are more “inter-
esting” and journals might apply lower standards regarding 
their methodological rigour and reproducibility [160].

For the case study presented, there has been a lapse in 
implementing the European Heart Journal “Conflict of 
Interest Policy”, which raises questions about the scientific 

publishing enterprise. Editorial writers [71] have been co-
authors [73] with authors of a paper they commented on, 
as with a recent paper [75]. This could be “perceived” as 
a conflict of interest, especially when glaring omissions 
are detected in the editorial. Furthermore, the article by 
O’Donnell et al. [73], rather than presented as a View Point 
or Debate, was portrayed by the journal as a Clinical Review 
(listed in the Instructions for Authors as State-of-the-Art 
Review), thus misrepresenting the field. Conflicts of inter-
est were not declared, thus undermining public trust in the 
scientific process and the credibility of the published articles 
[38••]. In nutrition science, there has been a long-standing 
lack of ethical guidance and relaxed implementation from 
all stakeholders [161]. Journals and editors are responsible 
for the scientific integrity of what they publish [162]. There 
is a need to revamp the current medical publishing system 
[163, 164]. The present case study has identified issues of 
significant societal consequence that are critical to address to 
maintain public trust in the scientific process. We have iden-
tified numerous challenges to scientific integrity that plague 
science (like those seen in the past regarding tobacco and 
currently regarding climate change). The case study high-
lights the need to develop, implement and enforce higher 
research quality and publishing standards to safeguard public 
policy in areas of nutrition where millions of lives are at 
risk.

Evidence supporting population-wide reduction in 
sodium intake is consistent, robust, and endorsed by such 
major health authorities as the WHO [16] and NASEM 
[8••]. A comprehensive public health approach to reduce 
sodium in the food supply is underway to prevent millions 
of unnecessary deaths and billions in health-care costs. This 
important work aims literally to save lives. It should not be 
impeded or derailed by fatally flawed research [165].

Authors’ Contributions FPC, NRCC, MFJ, FJH, and GAM initiated the 
project and drafted the first version of the manuscript, JRC and IM took 
part in further discussions, all other authors provided written feed-back 
to repeated versions of the manuscript. All authors read and approved 
the final version submitted herein.

Compliance with Ethical Standards 

Conflict of Interest FPC: Past-President, British & Irish Hypertension 
Society (2017–2019) (unpaid); Member, Action on Salt and World 
Action on Salt, Sugar and Health (unpaid); Head, World Health Or-
ganization (WHO) Collaborating Centre for Nutrition (unpaid); Senior 
Advisor, WHO (received travel, accommodation, per-diem, refund of 
expenses); OMRON Academy (received speaker fees, travel, accom-
modation, expenses); Annual Royalties from Oxford University Press 
(OUP) for 2 books on topics unrelated to salt. NRCC : Personal fees 
from Resolve to Save Lives (RTSL) and the World Bank, outside the 
submitted work; Member, World Action on Salt and Health, unpaid; 
Consultant on dietary sodium and hypertension control to numerous 
governmental and non-governmental organizations, unpaid; Chair-

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464
465
466
467
468

469

470
471
472
473
474
475
476
477
478
479
480
481



UNCORRECTED PROOF

Journal : Large 13668 Article No : 383 Pages : 13 MS Code : 383 Dispatch : 29-11-2021

 Current Nutrition Reports

1 3

man, International Consortium for Quality Research on Dietary So-
dium/Salt (TRUE), unpaid. FJH: Member, Action on Salt and World 
Action on Salt, Sugar and Health (unpaid); partially funded by the Na-
tional Institute for Health Research and the Medical Research Coun-
cil. GAM: Chairman, Action on Salt, Sugar and Health, World Action 
on Salt, Sugar and Health and Blood Pressure UK (unpaid); partially 
funded by the National Institute for Health Research and the Medical 
Research Council. EA: Past President, American Heart Association 
(2014–5). LJA: Receives payments from Wolters Kluwer for chapters 
in UpToDate on the relation of blood pressure with lifestyle factors, in-
cluding sodium intake. NRC: Member, 2019 Committee to Review the 
Dietary Reference Intakes for Sodium and Potassium for The National 
Academies of Sciences, Engineering, and Medicine. Member, Expert 
Panel for Minimum Standards for Dietary Sodium/Salt Research, Sys-
tematic Reviews and Dietary Guidance for the World Hypertension 
League. MRL’A: Chair, Pan American Health Organization Technical 
Advisory Group on Sodium (received travel, accommodation, refund 
of expenses); Member, WHO Nutrition Advisory Group on Nutrition 
(received travel, accommodation, refund of expenses); Past Chair/Co-
Chair, Sodium Working Group, Canada (received travel, accommo-
dation, refund of expenses); Director, WHO Collaborating Centre on 
Nutrition Policy for Chronic Disease Prevention (unpaid). TL & PSS: 
Member and Trustee, Action on Salt (unpaid). PS: Member, World 
Action on Salt, Sugar and Health (unpaid). President, Italian Society of 
Human Nutrition (unpaid). WS: Member, Action on Salt (unpaid). JW: 
Head, WHO Collaborating Centre for Salt reduction (unpaid). MFJ, 
JA, AB-M, JRG, DTL, RMcL, MM, IM, FMS, MS, PKW, WW: noth-
ing to declare.

Human and Animal Rights and Informed Consent This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License, which permits 
unrestricted use, distribution, and reproduction in any medium, pro-
vided you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate 
if changes were made. To view a copy of this lisence, visit http:// creat 
iveco mmons. org/ licen ses/ by/4. 0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP, 
Meerpohl JJ. Effect of lower sodium intake on health: systematic 
review and meta-analyses. BMJ. 2013;346:f1326.

 2. He FJ, MacGregor GA. Salt reduction lowers cardiovascular risk: 
meta-analysis of outcome trials. Lancet. 2011;378(9789):380–2.

 3. Strazzullo P, D'Elia L, Kandala NB, Cappuccio FP. Salt intake, 
stroke, and cardiovascular disease: meta-analysis of prospective 
studies. BMJ. 2009;339:b4567.

 4.• Filippini T, Malavolti M, Whelton PK, Naska A, Orsini N, 
Vinceti M. Blood pressure effects of sodium reduction: dose-
response meta-analysis of experimental studies. Circulation. 
2021;143(16):1542–67. (This is the latest and most compre-
hensive systematic review which includes a dose-response 
meta-analysis of randomized clinical trials confirming a 

graded and linear causal association between sodium con-
sumption and blood pressure.)

 5. Mozaffarian D, Fahimi S, Singh GM, Micha R, Khatibzadeh S, 
Engell RE, et al. Global sodium consumption and death from 
cardiovascular causes. N Engl J Med. 2014;371(7):624–34.

 6. Cappuccio FP. Sodium and potassium intake, blood pressure 
and cardiovascular prevention. In: Camm AJL, T.F.; Maurer, 
G.; Serruys, P.W., editor. The ESC Textbook of Cardiovascular 
Medicine. Third ed: Oxford University Press; 2018.

 7. He FJ, Tan M, Ma Y, MacGregor GA. Salt reduction to prevent 
hypertension and cardiovascular disease: JACC state-of-the-art 
review. J Am Coll Cardiol. 2020;75(6):632–47.

 8.•• Stallings VA, Harrison, M., Oria, M. Committee to review the 
dietary reference intakes for sodium and potassium. National 
Academies of Sciences, Engineering and Medicine; 2019. (Most 
comprehensive review to date of the quality evidence of the 
sodium, blood pressure, cardiovascular disease relatonships, 
including detailed quality assesment of methods used.)

 9. Whelton PK, Appel LJ, Sacco RL, Anderson CA, Antman EM, 
Campbell N, et al. Sodium, blood pressure, and cardiovascu-
lar disease: further evidence supporting the American Heart 
Association sodium reduction recommendations. Circulation. 
2012;126(24):2880–9.

 10.• Whelton PK, Carey RM, Aronow WS, Casey DE, Jr., Collins 
KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline 
for the Prevention, Detection, Evaluation, and Management of 
High Blood Pressure in Adults: Executive Summary: A Report 
of the American College of Cardiology/American Heart Associ-
ation Task Force on Clinical Practice Guidelines. Hypertension. 
2018;71(6):1269–324. (Most recent American Guidelines for 
the prevention, management and control of hypertension, 
including sodium reduction as one of the most effective non-
pharmacological tools.)

 11. European Heart Network. Transforming European food and 
drink policies for cardiovascular health. Brussels. 2017.

 12.• Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, 
Burnier M, et al. 2018 ESC/ESH Guidelines for the management 
of arterial hypertension. Eur Heart J. 2018;39(33):3021–104. 
(Most recent European Guidelines for the prevention, man-
agement and control of hypertension, including sodium reduc-
tion as one of the most effective non-pharmacological tools.)

 13.• Cappuccio FP, Beer M, Strazzullo P, European Salt Action N. 
Population dietary salt reduction and the risk of cardiovascular 
disease. A scientific statement from the European Salt Action 
Network. Nutr Metab Cardiovasc Dis. 2018;29(2):107–14. 
(Recent position statement of the European Salt Action Net-
work (representing all 53 Member States of the WHO Euro-
pean Region) on the evidence supporting population sodium 
reduction for the prevention of cardiovascular disease.)

 14. Tuck D, Castenmiller J, de Henauw S, Hirsch-Ernst KI, Kearney 
J, Maciuk A, Mangelsdorf I, McArdle HJ, Pelaez C, Pentieva K, 
Siani A, Thies F, Tsabouri S, Vinceti M. EFSA Panel on Nutri-
tion, Novel Foods and Food Allergens. Dietary reference values 
for sodium. EFSA Journal. 2019;17(9):e05778.

 15. Australia and New Zealand Expert Working Group for Sodium. 
Australian and New Zealand Nutrient Reference Values for 
Sodium. A report prepared for the Australian Government 
Department of Health and the New Zealand Ministry of Health. 
Australian Government Department of Health and the New Zea-
land Ministry of Health; 2017.

 16. World Health Organization. Guideline: Sodium intake for adults 
and children. Geneva: Switzerland; 2012.

 17. Cappuccio FP, Capewell S. Facts, issues and controversies in 
salt reduction for the prevention of cardiovascular disease. Func-
tional Food Reviews. 2015;7(1):41–61.

AQ4

482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509

510
511
512

513
514
515
516
517
518
519

520

521

522

523

524

525
526
527
528
529
530
531
532
533
534
535
536
537
538

539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


UNCORRECTED PROOF

Journal : Large 13668 Article No : 383 Pages : 13 MS Code : 383 Dispatch : 29-11-2021

Current Nutrition Reports 

1 3

 18. Aijala M, Malo E, Santaniemi M, Bloigu R, Silaste ML, Kesaniemi 
YA, et al. Dietary sodium intake and prediction of cardiovascular 
events. Eur J Clin Nutr. 2015;69(9):1042–7.

 19. DiNicolantonio JJ, Di Pasquale P, Taylor RS, Hackam DG. Low 
sodium versus normal sodium diets in systolic heart failure: sys-
tematic review and meta-analysis. Heart. 2013; Mar 12. https:// 
doi. org/ 10. 1136/ heart jnl- 2012- 302337. Retraction in: Heart 
2013; 99(11): 820.

 20. Ekinci EI, Clarke S, Thomas MC, Moran JL, Cheong K, 
MacIsaac RJ, et al. Dietary salt intake and mortality in patients 
with type 2 diabetes. Diabetes Care. 2011;34(3):703–9.

 21. Joosten MM, Gansevoort RT, Mukamal KJ, Lambers Heerspink HJ, 
Geleijnse JM, Feskens EJ, et al. Sodium excretion and risk of devel-
oping coronary heart disease. Circulation. 2014;129(10):1121–8.

 22. Kalogeropoulos AP, Georgiopoulou VV, Kritchevsky SB. Die-
tary Sodium Intake and Risk of Cardiovascular Disease-Reply. 
JAMA Intern Med. 2015;175(9):1579–80.

 23. Lamelas PM, Mente A, Diaz R, Orlandini A, Avezum A, 
Oliveira G, et al. Association of urinary sodium excretion with 
blood pressure and cardiovascular clinical events in 17,033 Latin 
Americans. Am J Hypertens. 2016;29(7):796–805.

 24. Liu Z, Zhang X. Dietary sodium intake and risk of cardiovascu-
lar disease. JAMA Intern Med. 2015;175(9):1579.

 25. Mente A, O’Donnell M, Rangarajan S, Dagenais G, Lear S, 
McQueen M, et al. Associations of urinary sodium excretion 
with cardiovascular events in individuals with and without 
hypertension: a pooled analysis of data from four studies. Lan-
cet. 2016;388(10043):465–75.

 26. Mente A, O’Donnell M, Rangarajan S, McQueen M, Dagenais G, 
Wielgosz A, et al. Urinary sodium excretion, blood pressure, car-
diovascular disease, and mortality: a community-level prospective 
epidemiological cohort study. Lancet. 2018;392(10146):496–506.

 27. O’Donnell M, Mente A, Rangarajan S, McQueen MJ, Wang X, 
Liu L, et al. Urinary sodium and potassium excretion, mortality, 
and cardiovascular events. N Engl J Med. 2014;371(7):612–23.

 28. O’Donnell MJ, Yusuf S, Mente A, Gao P, Mann JF, Teo K, et al. 
Urinary sodium and potassium excretion and risk of cardiovas-
cular events. JAMA. 2011;306(20):2229–38.

 29. Pfister R, Michels G, Sharp SJ, Luben R, Wareham NJ, Khaw 
KT. Estimated urinary sodium excretion and risk of heart failure 
in men and women in the EPIC-Norfolk study. Eur J Heart Fail. 
2014;16(4):394–402.

 30. Singer P, Cohen H, Alderman M. Assessing the associations of 
sodium intake with long-term all-cause and cardiovascular mortal-
ity in a hypertensive cohort. Am J Hypertens. 2015;28(3):335–42.

 31. Stolarz-Skrzypek K, Kuznetsova T, Thijs L, Tikhonoff V, Seidlerova 
J, Richart T, et al. Fatal and nonfatal outcomes, incidence of hyper-
tension, and blood pressure changes in relation to urinary sodium 
excretion. JAMA. 2011;305(17):1777–85.

 32. Thomas MC, Moran J, Forsblom C, Harjutsalo V, Thorn L, 
Ahola A, et al. The association between dietary sodium intake, 
ESRD, and all-cause mortality in patients with type 1 diabetes. 
Diabetes Care. 2011;34(4):861–6.

 33. Yi B, Titze J, Chouker A. Dietary Sodium Intake and Risk of Car-
diovascular Disease. JAMA Intern Med. 2015;175(9):1578–9.

 34. Liu X, Bai Y, Li S, O’Donnell M, Mente A, Yin L, et al. Associa-
tions of estimated 24-h urinary sodium excretion with mortality 
and cardiovascular events in Chinese adults: a prospective cohort 
study. J Hypertens. 2021;39(3):484–93.

 35. Elliott P, Muller DC, Schneider-Luftman D, Pazoki R, Evangelou 
E, Dehghan A, et al. Estimated 24-hour urinary sodium excretion 
and incident cardiovascular disease and mortality among 398 628 
individuals in UK Biobank. Hypertension. 2020;76(3):683–91.

 36. Alderman MH, Cohen HW. Dietary sodium intake and car-
diovascular mortality: controversy resolved? Am J Hypertens. 
2012;25(7):727–34.

 37. Campbell NR, Cappuccio FP, Tobe SW. Unnecessary contro-
versy regarding dietary sodium: a lot about a little. Can J Car-
diol. 2011;27(4):404–6.

 38.•• Campbell NRC, He FJ, Cappuccio FP, MacGregor GA. Dietary 
sodium 'controversy'-issues and potential solutions. Curr Nutr 
Rep. 2021:10: 188–99. (Latest comprehensive methodological 
critique of low-quality studies suggesting a J-shape relation-
ship between sodium intake and CVD risk.)

 39. Cappuccio FP. Sodium and cardiovascular disease. Lancet. 
2016;388(10056):2112.

 40. Cappuccio FP, Campbell NR. Population Dietary Salt Reduc-
tion and the Risk of Cardiovascular Disease: A Commen-
tary on Recent Evidence. J Clin Hypertens (Greenwich). 
2017;19(1):4–5.

 41. Cobb LK, Anderson CA, Elliott P, Hu FB, Liu K, Neaton 
JD, et al. Methodological issues in cohort studies that relate 
sodium intake to cardiovascular disease outcomes: a science 
advisory from the American Heart Association. Circulation. 
2014;129(10):1173–86.

 42. Cook NR, He FJ, MacGregor GA, Graudal N. Sodium and 
health-concordance and controversy. BMJ. 2020;369:m2440.

 43. Graudal N, Jurgens G. The sodium phantom. BMJ. 
2011;343:d6119; author reply d21.

 44. He FJ, Appel LJ, Cappuccio FP, de Wardener HE, MacGregor 
GA. Does reducing salt intake increase cardiovascular mortality? 
Kidney Int. 2011;80(7):696–8.

 45. He FJ, Campbell NRC, Woodward M, MacGregor GA. Salt 
reduction to prevent hypertension: the reasons of the contro-
versy. Eur Heart J. 2021;42(25):2501–5.

 46. Ioannidis JP. Commentary: Salt and the assault of opinion on 
evidence. Int J Epidemiol. 2016;45(1):264–5.

 47.• Jacobson MF. Salt wars. The battle over the biggest killer in 
the American diet. Cambridge, Mass., London, England.: MIT 
Press; 2020. (A gripping and well-documented account of the 
many strategies used over the decades by the food and bever-
ages industry to discredit the evidence associating sodium 
consumption with adverse health outcomes, and the role 
some scientists have played in endorsing that view.)

 48. Labarthe DR, Briss PA. Urinary sodium excretion and cardio-
vascular disease mortality. JAMA. 2011;306(10):1084–5; author 
reply 6–7.

 49. Messerli FH, Hofstetter L, Bangalore S. Salt and heart disease: a 
second round of “bad science”? Lancet. 2018;392(10146):456–8.

 50. Messerli FH, Rimoldi SF, Bangalore S. Salt, Tomato soup, and 
the hypocrisy of the American Heart Association. Am J Med. 
2017;130(4):392–3.

 51. Neal B. Commentary: The salt wars described but not explained–
an invited commentary on “Why do we think we know what we 
know? A metaknowledge analysis of the salt controversy.” Int J 
Epidemiol. 2016;45(1):262–4.

 52. O’Donnell M, Mente A, Yusuf S. Commentary: accepting 
what we don’t know will lead to progress. Int J Epidemiol. 
2016;45(1):260–2.

 53. Taubes G. The (political) science of salt. Science. 
1998;281(5379):898–901, 3–7.

 54. Taylor RS, Ashton KE, Moxham T, Hooper L, Ebrahim S. 
Reduced dietary salt for the prevention of cardiovascular 
disease: a meta-analysis of randomized controlled trials 
(Cochrane review). Am J Hypertens. 2011;24(8):843–53.

 55. Trinquart L, Johns DM, Galea S. Why do we think we know 
what we know? A metaknowledge analysis of the salt contro-
versy. Int J Epidemiol. 2016;45(1):251–60.

 56. Mancia G, Oparil S, Whelton PK, McKee M, Dominiczak A, 
Luft FC, et al. The technical report on sodium intake and car-
diovascular disease in low- and middle-income countries by 
the joint working group of the World Heart Federation, the 

605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670

671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736

https://doi.org/10.1136/heartjnl-2012-302337
https://doi.org/10.1136/heartjnl-2012-302337


UNCORRECTED PROOF

Journal : Large 13668 Article No : 383 Pages : 13 MS Code : 383 Dispatch : 29-11-2021

 Current Nutrition Reports

1 3

European Society of Hypertension and the European Public 
Health Association. Eur Heart J. 2017;38(10):712–9.

 57. Campbell N, Correa-Rotter R, Neal B, Cappuccio FP. New 
evidence relating to the health impact of reducing salt intake. 
Nutr Metab Cardiovasc Dis. 2011;21(9):617–9.

 58. Campbell NR. Dissidents and dietary sodium: concerns 
about the commentary by O'Donnell et al. Int J Epidemiol. 
2017;46(1):362–366

 59. Cappuccio FP. Pro: Reducing salt intake at population level: 
is it really a public health priority? Nephrol Dial Transplant. 
2016;31(9):1392–6.

 60. Cappuccio FP, Capewell S, He FJ, MacGregor GA. Salt: 
the dying echoes of the food industry. Am J Hypertens. 
2014;27(2):279–81.

 61. Graudal N. Con: Reducing salt intake at the population level: 
is it really a public health priority? Nephrol Dial Transplant. 
2016;31(9):1398–403.

 62. McCarron DA, Kazaks AG, Geerling JC, Stern JS, Graudal 
NA. Response to “Salt: the dying echoes of the food industry.” 
Am J Hypertens. 2014;27(2):282–4.

 63. O'Donnell M, Mente A, Yusuf S. Low sodium intake and 
cardiovascular health: an unanswered question. Response to: 
Letter from Dr N. Campbell,'Dissidents and dietary sodium. 
Concerns about the commentary by O'Donnell et al. Int J Epi-
demiol. 2017;46(1):367–9.

 64. Zoccali C, Mallamaci F. Moderator’s view: Salt, cardiovas-
cular risk, observational research and recommendations for 
clinical practice. Nephrol Dial Transplant. 2016;31(9):1405–8.

 65. Campbell N. Validation and comparison of three formulae to 
estimate sodium and potassium excretion from a single-morning 
fasting urine compared to 24-h measures in 11 countries. J Hyper-
tens. 2014;32:2499–500.

 66. Cook NR, Appel LJ, Whelton PK. Lower levels of sodium 
intake and reduced cardiovascular risk. Circulation. 
2014;129(9):981–9.

 67. Webster J, Waqanivalu T, Arcand J, Trieu K, Cappuccio FP, 
Appel LJ, Woodward M, Campbell NR, McLean R. Under-
standing the science that supports population-wide salt reduc-
tion programs. J Clin Hypertens (Greenwich). 2017;19:569–76.

 68. Adedinsewo DA, Pollak AW, Carter RE. Dietary sodium 
and mortality: how much do we really know? Eur Heart J. 
2021;42(21):2113–5.

 69. Lechner K, Schunkert H. Recommendations on sodium intake 
for cardiovascular health: conviction or evidence? Eur Heart J. 
2020;41(35):3374–5.

 70. Mente A, Dehghan M, Yusuf S. Diet and health: the need for 
new and reliable approaches. Eur Heart J. 2020;41(28):2641–4.

 71. Mente A, O’Donnell M, Yusuf S. Sodium and health: 
another challenge to the current dogma. Eur Heart J. 
2021;42(21):2116–8.

 72. Messerli FH, Hofstetter L, Syrogiannouli L, Rexhaj E, Siontis 
GCM, Seiler C, et al. Salt consumption at a population level remains 
remarkably steady over time. Eur Heart J. 2021;42(21):2134.

 73. O’Donnell M, Mente A, Alderman MH, Brady AJB, Diaz 
R, Gupta R, et  al. Salt and cardiovascular disease: insuffi-
cient evidence to recommend low sodium intake. Eur Heart J. 
2020;41(35):3363–73.

 74. Yan Y, Mu J. Salt intake paradox: the estimation method matters. 
Eur Heart J. 2021;42(21):2133.

 75. Messerli FH, Hofstetter L, Syrogiannouli L, Rexhaj E, Siontis 
GCM, Seiler C, et al. Sodium intake, life expectancy, and all-
cause mortality. Eur Heart J. 2021;42(21):2103–12.

 76. McCarron DA. Physiology, not policy, drives sodium intake. Am 
J Hypertens. 2013;26(10):1191–3.

 77. McCarron DA. What determines human sodium intake: policy 
or physiology? Adv Nutr. 2014;5(5):578–84.

 78. McCarron DA, Drueke TB, Stricker EM. Science trumps poli-
tics: urinary sodium data challenge US dietary sodium guideline. 
Am J Clin Nutr. 2010;92(5):1005–6.

 79. McCarron DA, Kazaks AG, Geerling JC, Stern JS, Graudal NA. 
Normal range of human dietary sodium intake: a perspective 
based on 24-hour urinary sodium excretion worldwide. Am J 
Hypertens. 2013;26(10):1218–23.

 80. O’Donnell M, Mente A, Yusuf S. Sodium and cardiovascular 
disease. N Engl J Med. 2014;371(22):2137–8.

 81. Rexhaj E, Messerli FH, Cerny D, Bohlender J. Salt and blood 
pressure: cutting through the scientific fog. Curr Hypertens Rep. 
2017;19(6):47.

 82. Harnack LJ, Cogswell ME, Shikany JM, Gardner CD, Gillespie 
C, Loria CM, et al. Sources of sodium in US adults from 3 geo-
graphic regions. Circulation. 2017;135(19):1775–83.

 83. Campbell NR, Correa-Rotter R, Cappuccio FP, Webster J, 
Lackland DT, Neal B, et al. Proposed nomenclature for salt 
intake and for reductions in dietary salt. J Clin Hypertens 
(Greenwich). 2015;17(4):247–51.

 84. Sacks FM, Svetkey LP, 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. 
DASH-Sodium Collaborative Research Group. N Engl J Med. 
2001;344(1):3–10.

 85. Anderson CA, Appel LJ, Okuda N, Brown IJ, Chan Q, Zhao 
L, 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 Assoc. 
2010;110(5):736–45.

 86. Appel LJ, Foti K. Sources of Dietary Sodium: Implica-
tions for Patients, Physicians, and Policy. Circulation. 
2017;135(19):1784–7.

 87. Blanco-Metzler A, Moreira Claro R, Heredia-Blonval K, Caravaca 
Rodriguez I, Montero-Campos MLA, Legetic B, et al. Baseline 
and estimated trends of sodium availability and food sources in 
the Costa Rican population during 2004–2005 and 2012–2013. 
Nutrients. 2017;9(9).

 88. Bhat S, Marklund M, Henry ME, Appel LJ, Croft KD, Neal 
B, et al. A Systematic Review of the Sources of Dietary Salt 
Around the World. Adv Nutr. 2020;11(3):677–86.

 89. Nishida C, Uauy R, Kumanyika S, Shetty P. The joint WHO/
FAO expert consultation on diet, nutrition and the prevention 
of chronic diseases: process, product and policy implications. 
Public Health Nutr. 2004;7(1A):245–50.

 90. Eaton SB, Konner M. Paleolithic nutrition. A consideration of its 
nature and current implications. N Engl J Med. 1985;312(5):283–9.

 91. Mueller NT, Noya-Alarcon O, Contreras M, Appel LJ, 
Dominguez-Bello MG. Association of age with blood pressure 
across the lifespan in isolated Yanomami and Yekwana villages. 
JAMA Cardiol. 2018;3(12):1247–9.

 92. Mancilha Carvalho JJ, Baruzzi RG, Howard PF, Poulter NR, 
Alpers MP, Franco LJ, Marcopito LF, Spooner VJ, Dyer AR, 
Elliott P. Blood pressure in four remote populations in the 
INTERSALT study. Hypertension. 1989;14:238–46.

 93. Lemogoum D, Ngatchou W, Bika Lele C, Okalla C, Leeman 
M, Degaute JP, et al. Association of urinary sodium excretion 
with blood pressure and risk factors associated with hyperten-
sion among Cameroonian pygmies and bantus: a cross-sectional 
study. BMC Cardiovasc Disord. 2018;18(1):49.

 94. Intersalt Cooperative Research Group. Intersalt: an interna-
tional study of electrolyte excretion and blood pressure. Results 
for 24 hour urinary sodium and potassium excretion. BMJ. 
1988;297:319–28.

 95. Mente A, O’Donnell MJ, Rangarajan S, McQueen MJ, Poirier P, 
Wielgosz A, et al. Association of urinary sodium and potassium 
excretion with blood pressure. N Engl J Med. 2014;371(7):601–11.

AQ5

737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802

803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868



UNCORRECTED PROOF

Journal : Large 13668 Article No : 383 Pages : 13 MS Code : 383 Dispatch : 29-11-2021

Current Nutrition Reports 

1 3

 96. Whelton PK, Appel LJ, Espeland MA, Applegate WB, Ettinger 
WH Jr, 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). TONE Collaborative Research Group JAMA. 
1998;279(11):839–46.

 97. Cook NR, Cutler JA, Obarzanek E, Buring JE, Rexrode KM, 
Kumanyika SK, et al. Long term effects of dietary sodium reduc-
tion on cardiovascular disease outcomes: observational follow-
up of the trials of hypertension prevention (TOHP). BMJ (Clini-
cal research ed. 2007;334(7599):885.

 98.•• Neal B, Wu Y, Feng X, Zhang R, Zhang Y, Shi J, et al. Effect of 
Salt Substitution on CardiovascularEvents and Death. N Engl 
J Med. 2021;385:1067-77. (This study reports the results on 
BP and outcomes of the largest ever conducted randomized 
clinical trial of sodium reduction plus potassium supplemen-
tation, clearly showing population benefits on CVD reduction 
and no adverse effects.)

 99. Chang HY, Hu YW, Yue CS, Wen YW, Yeh WT, Hsu LS, 
et al. Effect of potassium-enriched salt on cardiovascular mor-
tality and medical expenses of elderly men. Am J Clin Nutr. 
2006;83(6):1289–96.

 100. Gottlieb SH. Message Is in the Measurement. Hypertension. 
2019;74(3):505–6.

 101. He FJ, Ivkovic V, Jelakovic B, Morris J, MacGregor GA. Estima-
tion of sodium excretion should be made as simple as possible, 
but not simpler: misleading papers and editorial on spot urines. 
J Hypertens. 2015;33(4):884–6.

 102. Cogswell ME, Mugavero K, Bowman BA, Frieden TR. Dietary 
sodium and cardiovascular disease risk–measurement matters. 
N Engl J Med. 2016;375(6):580–6.

 103. Cogswell ME, Wang CY, Chen TC, Pfeiffer CM, Elliott P, 
Gillespie CD, et al. Validity of predictive equations for 24-h 
urinary sodium excretion in adults aged 18–39 y. Am J Clin Nutr. 
2013;98(6):1502–13.

 104. Ji C, Miller MA, Venezia A, Strazzullo P, Cappuccio FP. Com-
parisons of spot vs 24-h urine samples for estimating popula-
tion salt intake: validation study in two independent samples 
of adults in Britain and Italy. Nutr Metab Cardiovasc Dis. 
2014;24(2):140–7.

 105. Wang CY, Cogswell ME, Loria CM, Chen TC, Pfeiffer CM, 
Swanson CA, et al. Urinary excretion of sodium, potassium, 
and chloride, but not iodine, varies by timing of collection in a 
24-hour calibration study. J Nutr. 2013;143(8):1276–82.

 106. Mente A, O’Donnell MJ, Dagenais G, Wielgosz A, Lear SA, 
McQueen MJ, et al. Validation and comparison of three formulae 
to estimate sodium and potassium excretion from a single morn-
ing fasting urine compared to 24-h measures in 11 countries. J 
Hypertens. 2014;32(5):1005–14.

 107. Campbell N. Validation and comparison of three formulae to 
estimate sodium and potassium excretion from a single-morn-
ing fasting urine compared to 24-h measures in 11 countries. 
J Hypertens. 2014;32(12):2499–500.

 108. Peng Y, Li W, Wang Y, Chen H, Bo J, Wang X, et al. Valida-
tion and assessment of three methods to estimate 24-h urinary 
sodium excretion from spot urine samples in Chinese adults. 
PLoS One. 2016;11(2):e0149655.

 109. Lerchl K, Rakova N, Dahlmann A, Rauh M, Goller U, Basner M, 
et al. Agreement between 24-hour salt ingestion and sodium excre-
tion in a controlled environment. Hypertension. 2015;66(4):850–7.

 110. Liu K, Cooper R, Soltero I, Stamler J. Variability in 
24-hour urine sodium excretion in children. Hypertension. 
1979;1(6):631–6.

 111. Liu K, Dyer AR, Cooper RS, Stamler R, Stamler J. Can 
overnight urine replace 24-hour urine collection to asses salt 
intake? Hypertension. 1979;1(5):529–36.

 112. Siani A, Iacoviello L, Giorgione N, Iacone R, Strazzullo P. 
Comparison of variability of urinary sodium, potassium, and 
calcium in free-living men. Hypertension. 1989;13(1):38–42.

 113.•• He FJ, Ma Y, Campbell NRC, MacGregor GA, Cogswell 
ME, Cook NR. Formulas to Estimate Dietary Sodium Intake 
From Spot Urine Alter Sodium-Mortality Relationship. Hyper-
tension. 2019;74(3):572–80. (This study shows that when 
sodium intake is assessed with multiple 24h urine collec-
tions the association with mortality is linear, whereas is not 
when using spot urines.)

 114.•• He FJ, Campbell NRC, Ma Y, MacGregor GA, Cogswell 
ME, Cook NR. Errors in estimating usual sodium intake by the 
Kawasaki formula alter its relationship with mortality: impli-
cations for public health. Int J Epidemiol. 2018;47(6):1784–
95. (This study shows that the J-shape association reported 
by some scientists between sodium intake and CVD is an 
artifact in assessing daily sodium caused by the use of spot 
urines.)

 115. Mills KT, Chen J, Yang W, Appel LJ, Kusek JW, Alper 
A, et al. Sodium Excretion and the Risk of Cardiovascular 
Disease in Patients With Chronic Kidney Disease. JAMA. 
2016;315(20):2200–10.

 116. Olde Engberink RHG, van den Hoek TC, van Noordenne ND, 
van den Born BH, Peters-Sengers H, Vogt L. Use of a single 
baseline versus multiyear 24-hour urine collection for estima-
tion of long-term sodium intake and associated cardiovascular 
and renal risk. Circulation. 2017;136(10):917–26.

 117. Mann S. Urinary sodium excretion and cardiovascular events. 
JAMA. 2012;307(11):1138–9; author reply 9.

 118. Campbell NRC, Cappuccuo FP. Dietary salt and blood pres-
sure: verdict is clear, so why any debate? Hypertension Jour-
nal. 2016;2(2):57–9.

 119. Cook NR. Sodium and cardiovascular disease. N Engl J Med. 
2014;371(22):2134.

 120. Batuman V. Sodium and cardiovascular disease. N Engl J Med. 
2014;371(22):2134–5.

 121. Anand SS, Dagenais GR, Mohan V, Diaz R, Probstfield J, Freeman 
R, et al. Glucose levels are associated with cardiovascular disease 
and death in an international cohort of normal glycaemic and dys-
glycaemic men and women: the EpiDREAM cohort study. Eur J 
Prev Cardiol. 2012;19(4):755–64.

 122. Cook NR, Appel LJ, Whelton PK. Sodium intake and all-cause 
mortality over 20 years in the trials of hypertension preven-
tion. J Am Coll Cardiol. 2016;68(15):1609–17.

 123. World Health Organization. How to obtain measures of 
population-level sodium intake in 24-hour urine samples. 
Copenhagen. WHO Office for Europe.; 2021.

 124. World Health Organization. How to obtain measures of 
population-level sodium intake in 24-hour urine samples. 
Cairo: Regional Office of the Eastern Mediterranean; 2018.

 125. Pan American Health Organization. Salt smart America: a 
guide for country-level Action, . Washington, DC: PAHO/
WHO; 2013.

 126. World Health Organization. SHAKE the salt habit. The 
SHAKE technical packahe for salt reduction. Geneva: World 
Health Organization; 2016.

 127. World Health Organization. STEPwise Approach to NCD Risk 
Factor Surveillance (STEPS). In: World Health Organization 
and World Economic Forum, editor. Geneva World Health 
Organization; 2017.

 128. Cappuccio FP, D’Elia L. Evaluating population salt reduction 
programmes worldwide: the risk of cutting corners! Public 
Health Nutr. 2018;21(12):2161–3.

 129. Swanepoel B, Schutte AE, Cockeran M, Steyn K, Wentzel-Viljoen 
E. Monitoring the South African population's salt intake: spot 
urine v. 24 h urine. Public Health Nutr. 2018;21(3):480–8.

869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934

935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999

1000



UNCORRECTED PROOF

Journal : Large 13668 Article No : 383 Pages : 13 MS Code : 383 Dispatch : 29-11-2021

 Current Nutrition Reports

1 3

 130. Powles J, Fahimi S, Micha R, Khatibzadeh S, Shi P, Ezzati 
M, et  al. Global, regional and national sodium intakes 
in 1990 and 2010: a systematic analysis of 24 h urinary 
sodium excretion and dietary surveys worldwide. BMJ Open. 
2013;3(12):e003733.

 131. Barton P, Andronis L, Briggs A, McPherson K, Capewell S. 
Effectiveness and cost effectiveness of cardiovascular dis-
ease prevention in whole populations: modelling study. BMJ. 
2011;343:d4044.

 132. Bibbins-Domingo K, Chertow GM, Coxson PG, Moran A, 
Lightwood JM, Pletcher MJ, et al. Projected effect of dietary 
salt reductions on future cardiovascular disease. N Engl J Med. 
2010;362(7):590–9.

 133. Cobiac LJ, Magnus A, Lim S, Barendregt JJ, Carter R, Vos T. 
Which interventions offer best value for money in primary pre-
vention of cardiovascular disease? PLoS One. 2012;7(7):e41842.

 134. Cobiac LJ, Vos T, Veerman JL. Cost-effectiveness of interven-
tions to reduce dietary salt intake. Heart. 2010;96(23):1920–5.

 135. Collins M, Mason H, O’Flaherty M, Guzman-Castillo M, Critchley 
J, Capewell S. An economic evaluation of salt reduction policies to 
reduce coronary heart disease in England: a policy modeling study. 
Value Health. 2014;17(5):517–24.

 136. Dodhia H, Phillips K, Zannou MI, Airoldi M, Bevan G. Model-
ling the impact on avoidable cardiovascular disease burden and 
costs of interventions to lower SBP in the England population. 
J Hypertens. 2012;30(1):217–26.

 137. Martikainen JA, Soini EJ, Laaksonen DE, Niskanen L. Health 
economic consequences of reducing salt intake and replacing 
saturated fat with polyunsaturated fat in the adult Finnish popu-
lation: estimates based on the FINRISK and FINDIET studies. 
Eur J Clin Nutr. 2011;65(10):1148–55.

 138. Mason H, Shoaibi A, Ghandour R, O'Flaherty M, Capewell S, 
Khatib R, et al. A cost effectiveness analysis of salt reduction 
policies to reduce coronary heart disease in four Eastern Medi-
terranean countries. PLoS One. 2014;9(1):e84445.

 139. 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. 
Lancet. 2003;361(9359):717–25.

 140. Nghiem N, Blakely T, Cobiac LJ, Cleghorn CL, Wilson N. The 
health gains and cost savings of dietary salt reduction interven-
tions, with equity and age distributional aspects. BMC Public 
Health. 2016;16:423.

 141. Nghiem N, Blakely T, Cobiac LJ, Pearson AL, Wilson N. Health 
and economic impacts of eight different dietary salt reduction 
interventions. PLoS One. 2015;10(4):e0123915.

 142. Schorling E, Niebuhr D, Kroke A. Cost-effectiveness of salt 
reduction to prevent hypertension and CVD: a systematic review. 
Public Health Nutr. 2017;20(11):1993–2003.

 143. Selmer RM, Kristiansen IS, Haglerod A, Graff-Iversen S, Larsen 
HK, Meyer HE, et al. Cost and health consequences of reducing 
the population intake of salt. J Epidemiol Community Health. 
2000;54(9):697–702.

 144. Smith-Spangler CM, Juusola JL, Enns EA, Owens DK, Garber 
AM. Population strategies to decrease sodium intake and the 
burden of cardiovascular disease: a cost-effectiveness analysis. 
Ann Intern Med. 2010;152(8):481–7, W170–3.

 145. Wang G, Bowman BA. Recent economic evaluations of inter-
ventions to prevent cardiovascular disease by reducing sodium 
intake. Curr Atheroscler Rep. 2013;15(9):349.

 146. Wang G, Labarthe D. The cost-effectiveness of interventions 
designed to reduce sodium intake. J Hypertens. 2011;29(9):1693–9.

 147. Wilson N, Nghiem N, Eyles H, Mhurchu CN, Shields E, Cobiac 
LJ, et al. Modeling health gains and cost savings for ten dietary 
salt reduction targets. Nutr J. 2016;15:44.

 148. Aminde LN, Cobiac L, Veerman JL. Cost-effectiveness analysis 
of population salt reduction interventions to prevent cardiovas-
cular disease in Cameroon: mathematical modelling study. BMJ 
Open. 2020;10(11):e041346.

 149. Li X, Jan S, Yan LL, Hayes A, Chu Y, Wang H, et al. Cost and 
cost-effectiveness of a school-based education program to reduce 
salt intake in children and their families in China. PLoS One. 
2017; 12(9): e0183033.

 150. Webb M, Fahimi S, Singh GM, Khatibzadeh S, Micha R, Powles 
J, et al. Cost effectiveness of a government supported policy 
strategy to decrease sodium intake: global analysis across 183 
nations. BMJ. 2017;356:i6699.

 151. Dall TM, Fulgoni VL 3rd, Zhang Y, Reimers KJ, Packard PT, 
Astwood JD. Predicted national productivity implications of 
calorie and sodium reductions in the American diet. Am J Health 
Promot. 2009;23(6):423–30.

 152. Dall TM, Fulgoni VL 3rd, Zhang Y, Reimers KJ, Packard PT, 
Astwood JD. Potential health benefits and medical cost savings 
from calorie, sodium, and saturated fat reductions in the Ameri-
can diet. Am J Health Promot. 2009;23(6):412–22.

 153. Gase LN, Kuo T, Dunet D, Schmidt SM, Simon PA, Fielding JE. 
Estimating the potential health impact and costs of implementing 
a local policy for food procurement to reduce the consumption 
of sodium in the county of Los Angeles. Am J Public Health. 
2011;101(8):1501–7.

 154. Joffres MR, Campbell NR, Manns B, Tu K. Estimate of the ben-
efits of a population-based reduction in dietary sodium additives 
on hypertension and its related health care costs in Canada. Can 
J Cardiol. 2007;23(6):437–43.

 155. Kristiansen IS, Gyrd-Hansen D, Nexoe J, Bo NJ. Willingness-
to-pay for a population program aimed at reducing dietary salt 
in Denmark. Prev Med. 2006;43(1):31–5.

 156. Palar K, Sturm R. Potential societal savings from reduced 
sodium consumption in the U.S. adult population. Am J Health 
Promot. 2009;24(1):49–57.

 157. Rubinstein A, Garcia Marti S, Souto A, Ferrante D, Augustovski 
F. Generalized cost-effectiveness analysis of a package of inter-
ventions to reduce cardiovascular disease in Buenos Aires. Argen-
tina Cost Eff Resour Alloc. 2009;7:10.

 158. World Health Organization. Global action plan for the prevention 
and control of noncommunicable diseases 2013–2020. Geneva: 
World Health Organization; 2013.

 159. McIntyre L. Post-truth. Cambridge, Mass; London, England. The 
MIT Press. 2018.

 160. Serra-Garcia M, Gneezy U. Nonreplicable publications are cited 
more than replicable ones. Sci Adv. 2021;7(21).

 161. AA.VV. Dietary sodium intake and its relation to human health,. 
J Am Coll Nutr. 2006;25(3).

 162. Luscher TF, Fox K, Hamm C, Carter RE, Taddei S, Simoons M, 
et al. Scientific integrity: what a journal can and cannot do. Eur 
Heart J. 2020;41(48):4552–5.

 163. Van Spall HGC, Whitelaw S. Medical publishing under review. 
Eur Heart J. 2021;42(7):723–5.

 164. Armstrong PW, Naylor CD. Counteracting Health Misinforma-
tion: A Role for Medical Journals? JAMA. 2019;321(19):1863–4.

 165. Jacobson MF, Wright JT, Jr. Policies to solve the salt problem. 
Prev Med. 2021;145:106448.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063

1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123

1124
1125

1126



UNCORRECTED PROOF

Journal : Large 13668 Article No : 383 Pages : 13 MS Code : 383 Dispatch : 29-11-2021

Current Nutrition Reports 

1 3

Authors and Affiliations

Francesco P. Cappuccio1  · Norm R. C. Campbell2 · Feng J. He3 · Michael F. Jacobson4 · Graham A. MacGregor3 · 
Elliott Antman5 · Lawrence J. Appel6 · JoAnne Arcand7 · Adriana Blanco‑Metzler8 · Nancy R. Cook5 · 
Juliet R. Guichon2 · Mary R. L’Abbè9 · Daniel T. Lackland10 · Tim Lang11 · Rachael M. McLean12 · Marius Miglinas13 · 
Ian Mitchell2 · Frank M. Sacks14 · Peter S. Sever15 · Meir Stampfer14 · Pasquale Strazzullo16 · Wayne Sunman17 · 
Jacqui Webster18 · Paul K. Whelton19 · Walter Willett14

1 University of Warwick, W.H.O. Collaborating Centre 
for Nutrition†, Warwick Medical School, Gibbett Hill Road, 
CV4 7AL Coventry, UK

2 University of Calgary, Calgary, Canada
3 Wolfson Institute of Preventive Medicine, Barts and The 

London School of Medicine & Dentistry, Queen Mary 
University of London, London, UK

4 Author, ‘Salt Wars, The Battle Over the Biggest Killer 
in the American Diet’, Washington, DC, USA

5 Brigham and Women’s Hospital, Harvard Medical School, 
Boston, USA

6 Johns Hopkins University, Baltimore, USA
7 Faculty of Health Sciences, Ontario Tech University, 

Oshawa, ON, Canada
8 Costa Rican Institute of Research and Teaching in Nutrition 

and Health, San José, Costa Rica
9 Temerty Faculty of Medicine, University of Toronto, 

W.H.O. Collaborating Centre On Nutrition Policy 
for Chronic Disease Prevention, Toronto, Canada

10 Medical University of South Carolina, Charleston, USA
11 City University, London, UK
12 Dunedin School of Medicine, University of Otago, Dunedin, 

New Zealand
13 Santaros Klinikos Hospital, Vilnius University, Vilnius, 

Lithuania
14 Harvard T.H. Chan School of Public Health, Boston, USA
15 Imperial College School of Medicine, London, UK
16 Federico II University of Naples, Naples, Italy
17 Nottingham University Hospitals NHS Trust, Nottingham, 

UK
18 The George Institute for Global Health, 

W.H.O. Collaborating Centre On Salt Reduction†, Sydney, 
Australia

19 Department of Epidemiology, Tulane University School 
of Public Health and Tropical Medicine, New Orleans, USA

http://orcid.org/0000-0002-7842-5493


Journal : Large 13668 Article No : 383 Pages : 1 MS Code : 383 Dispatch : 29-11-2021

Journal: 13668
Article: 383

Author Query Form
Please ensure you fill out your response to the queries raised below and return this form along 

with your corrections

Dear Author

During the process of typesetting your article, the following queries have arisen. Please check your typeset proof 
carefully against the queries listed below and mark the necessary changes either directly on the proof/online grid or in the 
‘Author’s response’ area provided below

Query Details Required Author’s Response
AQ1 Author names: Please confirm if the author names are presented correctly.
AQ2 The affiliation indicator (in superscript) presented before the author name in the author 

group.
AQ3 Please check and confirm that the authors and their respective affiliations have been 

correctly identified and amend if necessary.
AQ4 Kindly check whether the references are presented correctly.
AQ5 Kindly check whether the reference [67] is correct.


