
The associations between dietary sodium and 
atherosclerosis: are the methods used accurate 
and reproducible?
Norman R. C. Campbell  *
Department of Medicine, Physiology and Pharmacology and Community Health Sciences, Libin Cardiovascular Institute of Alberta, University of Calgary, 9th Floor, 1403-29th Street NW, 
Calgary, Alberta T2N 2T9, Canada

Received 4 June 2023; revised 7 October 2023; accepted 13 October 2023; online publish-ahead-of-print 16 October 2023

Keywords Atherosclerosis • Dietary sodium • Salt • Hypertension • Cardiovascular disease

* Corresponding author. Tel: 001 403 560 6418, Email: ncampbel@ucalgary.ca
© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

The authors’ response is available at https://doi.org/10.1093/ 
ehjopen/oead093.

We read with interest the article by Wuopio et al. on the associations 
between dietary sodium and atherosclerosis.1 The results are consist-
ent with the known causal and linear association between dietary so-
dium and blood pressure and the moderately strong causal and linear 
association between dietary sodium and cardiovascular events in 
meta-analyses of randomized controlled trials.2

Wuopio et al. assessed dietary sodium using a spot urine sample 
with a Kawasaki estimating equation (spot urine method) and also 
with a food frequency questionnaire (FFQ).1 Wuopio et al. suggest 
that false or altered disease associations with the spot method are un-
proven and reference two select validation studies (one of which has 
been highly critiqued for lack of scientific rigour and mainstream sci-
entific organizations consider to confirm a lack of validity and the 
other which was not analysed by the recommended Bland Altman 
plot method).1,2 Wuopio et al. also suggest that the Kawasaki formula 
is good enough to estimate salt intake at a population level even 
though their analysis did not assess validation, or dietary salt using a 
recommended standard and their analysis was based on estimated so-
dium intake at the individual level.1

Spot urine samples with estimating equations have for over a decade 
repeatedly been recommended not to be used to assess an individual’s 
salt consumption by major international health and scientific organiza-
tions.2 In systematic reviews of validation studies, the spot method has a 
very large random and systematic error and the estimating equations 
have been shown in two large databases to cause altered outcome as-
sociations (blood pressure and death) compared to dietary sodium as-
sessed by the recommended standard of multiple non-consecutive 24 h 
urine collections.2 The estimating equations cause spurious outcome 
associations with dietary sodium as they are complex equations with 

variables that strongly and independently predict most health outcomes 
(i.e. age, gender, body mass index, creatinine). The estimating equations 
have disease associations independent of the sodium. The use of quar-
tile analyses does not avoid the altered disease associations with spot 
urine equations as the systematic errors are larger as sodium consump-
tion both increases and decreases from mean intake levels. The large 
random error of the spot method also results in a lack of reproducibility 
of disease associations.2

The World Hypertension League, International Society of 
Hypertension and Resolve to Save Lives (RTSL) with the support of 
21 additional health and scientific organizations stated very clearly ‘It 
is strongly recommended to not conduct, fund, or publish research 
studies that use spot urine samples with estimating equations to assess 
individuals’ sodium (salt) intake in association with health outcomes’.2

A prior consortium of health and scientific organizations also 
commissioned a systematic review of the assessment of dietary sodium 
with FFQs.3 In the assessed studies, there was poor agreement 
between FFQs and 24 h urine sodium, only one study reported the 
recommended Bland Altman plot to assess validation, and the studies 
reported nonsignificant to low correlation coefficients (r ≤ 0.36). 
The consortium authors made a recommendation not to use FFQs 
to assess dietary sodium.3

Major non-governmental and governmental organizations have ex-
pressed concerns that weak research methods prone to spurious results 
are a major cause of controversy about the benefits of reducing dietary 
sodium.2 Researchers, reviewers, editors and funders need to insist on 
high-quality reproducible research methods to advance scientific knowl-
edge on the impact of dietary sodium on health. Studies with weak meth-
ods prone to spurious results that are not reproducible do not advance 
scientific understanding and need to be discouraged. Although the results 
of the study by Wuopio et al. confirm conventional expectations, that does 
not validate their use of unreliable methods nor confirm their findings.
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