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1  | BACKGROUND

Concerns expressed by many in the scientific community that low‐
quality research, including research which poorly measures usual 
intake of dietary salt, is contributing to current controversies and 

is hampering the implementation of public health interventions in 
many countries.1 This is despite most international guidelines recom‐
mending intakes substantially lower than currently consumed, and 
the World Health Organization and United Nations recommending 
a 30% decrease in population salt intake by 2026.2 In response to 
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these concerns, a consortium of international and national health and 
scientific organizations was formed to set minimum standards for the 
conduct of clinical and epidemiological research on dietary salt.3

This Review paper describes the results for studies that include 
either 24‐hour diet recall or diet records (food diaries or weighed food 
records) and assesses the validity of studies for assessing an individ‐
ual’s sodium intake, essential for epidemiological studies of dietary 
intake and health‐related outcomes. Twenty‐four–hour diet recalls 
are often used in large nutrition surveys, such as the National Health 
and Nutrition Examination Survey (NHANES),4 and involve research‐
ers contacting participants and asking them to record all foods con‐
sumed the previous day. This can be done by interview (in person or 
by telephone), online, or some combination of both. Portion size esti‐
mates are made using recognized measures such as cups and spoons, 
or photographs of portion sizes.5 Recall bias may be reduced by mul‐
tiple‐pass questioning methods, which include specific questions 
about frequently “forgotten foods”6; however, 24‐hour recalls are 
prone to underreporting, particularly for overweight participants.7,8

Diet records (or food records) involve documenting all foods con‐
sumed over a specified time period (one or more days) prospectively 
by the participant, and involve estimates of portion size either through 
weighing (weighed diet record) or using other prompts and measures.9 
Weighed diet records are often regarded as the most accurate way of 
assessing nutrient intakes.5 The prospective nature of data record‐
ing minimizes recall bias, and weighing all food consumed (including 
weighing any leftovers at the end of a meal) enables accurate assess‐
ment of portion size. To assess usual intake, several days of recording 
are undertaken, and are usually specified to include week and week‐
end days, and may include assessment over several weeks or months. 
Accurate weighed diet records, however, require detailed training of 
participants and a high degree of commitment on participants’ behalf. 
The prospective nature of recording may alter behavior; for example, 
participants may be less likely to eat out on recording days or be more 
likely to consume foods considered desirable or healthy.9

Quantification of discretionary salt (added in cooking or at the 
table) is particularly problematic in diet surveys. For weighed diet 
records, extremely accurate scales are required, as salt added to 
food is likely to be added as quantities less than a gram which may 
not register on commonly used equipment. Salt added to cooking 
is likely to be variably absorbed into different foods depending on 
specific cooking methods, with a substantial proportion lost if cook‐
ing liquids are drained or not consumed.10 For some individuals and 
populations, difficulty in measuring discretionary salt may not impair 
estimates, particularly if discretionary salt is not a substantial con‐
tributor to overall salt intake. However, salt added during cooking is 
a major source in some populations. In some populations, sauces and 
condiments are important contributors to discretionary salt intake 
and must be measured if valid estimates are to be obtained.11

Twenty‐four–hour urinary sodium is widely regarded as the most 
accurate method of measurement of dietary sodium intake, pro‐
vided collection is complete. As a biomarker, it reflects around 90% 
of sodium ingested over the 24‐hour period. However, both under‐
collection and overcollection have been reported, and the various 

methods used to assess completeness of collections such as the use 
of para‐amino benzoic acid (PABA) or urine volume are not robust.12 
Despite this, 24‐hour urine is the most suitable reference method or 
calibration instrument for comparison in validation studies of dietary 
assessment methods13,14 and is therefore the reference method con‐
sidered in this review.

This Review paper, commissioned by the TRUE (International 
Consortium for Quality Research on Dietary Sodium/Salt) consor‐
tium, describes a systematic review of studies examining sodium 
intake assessment from 24‐hour diet recall and diet record com‐
pared with the gold standard 24‐hour urine collection, in order to 
understand whether dietary assessment methods are a reliable 
and valid way of measuring an individual’s usual dietary sodium 
intake. A previous Review paper described the results of stud‐
ies that compared sodium intake estimates from Food Frequency 
Questionnaires and 24‐hour urinary excretion.15 The mandate of 
the TRUE consortium is to develop minimum standards for clini‐
cal  and epidemiological research on dietary salt. Member or‐
ganizations of the TRUE consortium include the American Heart 
Association, the British and Irish Hypertension Society, the Chinese 
Regional Office of the World Hypertension League, Hypertension 
Canada, the International Association of National Public Health 
Institutes, the International Council of Cardiovascular Prevention 
and Rehabilitation, the International Society of Hypertension, 
the International Society of Nephrology, the Journal of Clinical 
Hypertension, the World Health Organization Collaborating Centre 
for Population Salt Reduction, the Technical Advisory Group to mo‐
bilize cardiovascular disease prevention through dietary salt control 
policies and interventions, the Pan American Health Organization/
World Health Organization, the World Hypertension League, and 
the World Stroke Organization.

2  | METHODS

2.1 | Search strategy

As described in our previous paper,15 the electronic databases, such 
as Medline, Embase, Cinahl, Lilacs, Google Scholar, and the Cochrane 
Library, were searched in 2015, and again in November 2016 using 
predefined terms (Appendix S1A).15 Two authors (RM and VF) in‐
dependently reviewed the titles and abstracts of all Review papers 
identified, and consensus achieved by subsequent discussion. Titles, 
abstracts, and full‐text Review papers were obtained and translated 
into English if necessary. Both authors then reviewed the full‐text 
papers independently.

Additional Review papers not identified in the database search 
were identified by hand searching reference lists of included studies, 
and by enquiries with co‐authors and academic colleagues.

2.2 | Eligibility criteria

Studies were eligible for inclusion if they were available in full text 
and assessed adult humans in free‐living settings. Studies were 
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included if they included dietary assessment of sodium intake (24‐
hour diet recall or diet record) and 24‐hour urinary collection for 
the assessment of sodium intake in the same participants. We ex‐
cluded feeding studies or studies where the amount of sodium in 
the diet was controlled by investigators. There were no restrictions 

on language or study sample size. Studies that included populations 
with an active disease state that might interfere with normal sodium 
metabolism (eg, renal failure, congestive heart failure, pregnancy) 
were excluded. Studies that collected urine samples for <24 hours 
were excluded.

F I G U R E  1   Prisma flow diagram search strategy
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2.3 | Data extraction

Two authors independently (RM and VF) extracted data to a spread‐
sheet, and accuracy was checked by a third author (AN). Extracted 
data included the study citation, study name, type of study (valida‐
tion, cohort, or cross‐sectional), population studied (country, type of 
sample), participant characteristics (age, ethnicity, sex, disease sta‐
tus), whether 24‐hour urine collections were validated for complete‐
ness and how, 24‐hour urine sodium results, dietary assessment 
methods and whether discretionary salt (defined as salt added either 
during cooking or at the table, or both) was accounted for, dietary 
assessment results, whether dietary assessment and 24‐hour urine 
collections were concurrent, and what the methods of comparison 
were (if any) between the two methods.

As this review is exploratory in nature, no formal risk of bias 
assessment was carried out. All sodium consumption data are ex‐
pressed in mg sodium/day using the following conversions: 1 mmol 
Na = 1 mEq Na = 23 mg Na, and 1 g Na = 2.54 g NaCl = 2.54 g salt.

3  | RESULTS

The initial search of databases identified 503 Review papers, and 
25 Review papers were identified from other sources (colleagues 
and networks, Review paper reference lists, and an updated search 
in November 2016) (seeFigure 1: Prisma Flow Diagram). After 70 
duplicates were removed, 458 titles and abstracts were screened, 
and 108 full‐text Review papers were assessed for eligibility. One 
publication16 included results from five studies. Data were extracted 
for 20 studies that reported on results of 24‐hour diet recall and 
24‐hour urinary sodium in the same participants (Table 1). Data from 
a further 10 studies that reported on results of diet records and 24‐
hour urinary sodium are summarized in Table 2. Where data from 
more than one study were included in a single paper,16 data from 
individual studies were extracted separately where possible. Where 
data from a single study were reported in two papers,17,18 this was 
treated as one study. Supporting papers which described methods 
of data collection for studies were reviewed for additional data (par‐
ticularly on methods) where required.

3.1 | Results 24‐hour diet recall

There were twenty studies with data on 24‐hour diet recall which are 
summarized in Table 1 and Appendix S2C. The three papers listed for 
De Keyzer describe one study which includes data from three differ‐
ent countries. Freedman (2015) described a pooled analysis of data 
from five studies. These are treated as separate studies. Of the 20 
studies which described results of dietary assessment by 24‐hour 
diet recall, 14 were specifically validation studies of 24‐hour diet 
recall and six were population‐based cross‐sectional studies (see 
Appendix S2C). Seven studies were conducted in the United States, 
two in Chile, two in Japan, and one each in Brazil, South Africa, 
Belgium, Ireland, Netherlands, Finland, and Australia. Two studies 

included participants from more than one country, which included 
De Keyzer (2015) with participants in Norway, Czech Republic and 
Belgium, and Dennis (2003), which included participants from China, 
Japan, the United States, and the United Kingdom (Appendix S2C). 
Sample sizes of the studies ranged from 50 to 4680 participants, 
with results for a total of 14,941 participants across all 20 studies 
(Table 1). The majority of studies included both men and women, 
with two studies including women only (Appendix S2C). Twelve 
studies included only healthy participants and excluded those with 
known medical conditions, while four had participants with hyper‐
tension and two included participants who were hypertensive and 
normotensive. Two studies did not state the inclusion and exclusion 
criteria regarding health status19,20 but are included as they are re‐
cruited from a population sample.

The number of 24‐hour urine collections carried out by each par‐
ticipants differed between studies (Appendix S2C). Eleven studies 
reported one collection, seven studies reported two collections, one 
study reported three collections, and in one study, participants had 
completed five urine collections. Sixteen studies described methods 
used to evaluate the completeness of the 24‐hour urine collections 
(Appendix S2C). Four studies used para‐amino benzoic acid (PABA) 
alone, three studies used urinary creatinine concentration alone, 
and nine studies used a combination of methods including collection 
time, self‐reported completeness, urine volume, PABA, and urinary 
creatinine concentration. PABA excretion cutoff levels for the deter‐
mination of complete urine were as follows: between 70% and 103% 
PABA recovery, ≥78% PABA recovery, and 85%‐110% PABA recov‐
ery. One study reported that collections with less than 70% PABA 
recovery were excluded, and those with 70%‐85% recovery had so‐
dium content adjusted to 93% PABA recovery. Another study stated 
that collections with less than 50% PABA recovery were excluded, 
and those with 50%‐85% recovery had sodium content adjusted 
to 93% PABA recovery. One study also reported PABA cutoffs of 
≤75% or ≥97% recovery depending on urinary creatinine excretion. 
Methods of assessment for incomplete samples using creatinine 
excretion included an assessment of within‐ and between‐subject 
variability, exclusion of samples where creatinine (mmol/kg body 
weight) was outside a certain range (different for men and women), 
and exclusion of samples if creatinine ratio was below a certain value.

There was also variability in the number of 24‐hour diet recalls 
used to assess dietary sodium intake (Table 1). Six studies conducted 
a single 24‐hour diet recall, five studies conducted two recalls, five 
studies conducted three recalls, one study conducted four recalls, 
one study conducted five recalls, one study conducted eight recalls, 
and one study conducted between one and fifteen 24‐hour diet re‐
calls per participant. Methods used to administer the 24‐hour diet 
recalls also differed between studies (Table 1). Ten studies were 
interviewer administered or in person, four were self‐administered, 
one was carried out via telephone, and three used a combination 
of methods including interview, telephone, Web‐based, and self‐ad‐
ministered. Two studies did not specify how the 24‐hour diet recalls 
were administered. Methods used to estimate portion sizes in‐
cluded photographs, household measures, weight in grams, volume 
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measures, standard portions, rulers, and utensils including cups and 
spoons.

Ten studies specified that discretionary salt was accounted for, 
three studies did not include discretionary salt, and six studies did 
not provide details about whether discretionary salt was included 
in their assessment. For nine studies, the 24‐hour urine collection 
and 24‐hour diet recall were concurrent, seven studies were not, and 
four studies did not state whether the 24‐hour diet recall and 24‐
hour urine collection covered the same time period (Table 1).

When reporting urinary sodium excretion results, seven studies 
divided the 24‐hour urine results by 0.86, two studies divided by 
0.9, and one by 0.95, to account for incomplete excretion of dietary 
sodium in urine.16,21 Estimates from the dietary assessment and 
the 24‐hour urine were presented as mean and standard deviation 
(n = 12), mean and standard error (n = 1), or geometric mean and 
95%CI (n = 7).

Many studies reported the results of statistical comparison be‐
tween methods, including ratios, correlation coefficients, percent‐
age bias, and analysis of variance. Ten correlation coefficients of 
dietary with urinary measures were reported (adjusted and/or un‐
adjusted) which ranged from 0.16 for men in Mercardo et al (2015)22 
to 0.72 (men and women combined) in Satoh et al (2014).23 Both 
Mercardo et al and Satoh et al involved analysis of a single 24‐hour 
urine collection (using creatinine excretion to assess completeness) 
and a single 24‐hour diet recall which were collected concurrently. 
Mercardo et al used the United States Department of Agriculture 
(USDA) Automated Multiple‐Pass Method (AMPM) and the USDA 
Food and Nutrient Database, and demonstrated correlations for 
men of 0.16 and women of 0.25. Satoh et al used a computer‐based 
24‐hour diet recall and food composition tables of Japan.

Two studies24,25 reported results of Bland‐Altman limits of agree‐
ment analyses, which is used to assess differential bias according to 
the level of estimated sodium intake from both methods.26 Cornejo 
et al presented Bland‐Altman plots of the mean difference between 
dietary and urinary estimates, which show increasing urinary sodium 
excretion is associated with increasing underestimation by dietary 
method, although the limits of agreement are not reported.24 Kelly 
et al report a mean difference of 87 mg/d with 95% limits of agree‐
ment of −3105 and 3289 mg/d.25

Freedman et al16 reported on a pooled analysis from five vali‐
dation studies: the Nutrition Biomarker Study for the Women’s 
Health Initiative (two 24‐hour diet recalls and one 24‐hour urine 
assessments),27,28 the Observing Protein and Energy Nutrition 
(OPEN) Study (two 24‐hour diet recalls and two 24‐hour urines),29 
the AMPM Validation Study (three 24‐hour diet recalls and two 
24‐hour urines),30,31 the Energetics Study (eight 24hDRs and two 
24‐hour urines, although only three of the 24‐hour diet recall re‐
sults were analyzed in the pooled analysis),32 and the Nutrition 
and Physical Activity Assessment Study of the Women’s Health 
Initiative Observational Study (NPAAS) (three 24‐hour diet recalls 
and one 24‐hour urine).27,33 Twenty‐four–hour recalls were all on 
nonconsecutive days, and all included multiple‐pass methods. In 
the pooled analysis, sodium intake assessed by 24‐hour diet recall Fi
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was on average 5% to 10% less than that measured in 24‐hour urine 
collections (ranging from an overestimate of 2% among women in 
the Energetics Study which collected two 24‐hour urines and eight 
24‐hour diet recalls, to an underestimate of 28% among women in 
the Nutrition Biomarker Study where participants provided a single 
24‐hour urine and two 24‐hour diet recalls). Underreporting of in‐
take relating to sodium intake was positively associated with higher 
body mass index (BMI). In the pooled analysis, correlations of single 
24‐hour, two 24‐hour diet recalls, and three 24‐hour diet recalls with 
24‐hour urine sodium estimates were 0.39, 0.41, and 0.42 for men, 
and 0.24, 0.28, and 0.39 for women, respectively.

The authors also calculated attenuation factors (AFs) for each 
study (Table 1).16 Pooled AFs were around 0.20 for a single 24‐hour 
diet recall, 0.25 for two 24‐hour diet recalls, and 0.30 for three re‐
calls.16 AFs were also reported in Lassale et al (2015), where they 
were 0.23 for women and 0.37 for men.34

3.2 | Results—diet records

Data regarding diet record studies are summarized in Table 2 and 
Appendix S2D. Ten studies reported on results of diet records (in‐
cluding food diaries and weighed diet records) including six valida‐
tion studies and four cross‐sectional studies (Appendix S2D). Of 
these, two were conducted in Australia, two in Japan, two in China, 
and one each in Brazil, Sweden, and the United Kingdom (Appendix 
S2D). Sample sizes of those included in the analysis range from 36 
to 2020 participants, with results from a total of 4145 participants 
across all 10 studies (Table 2). Five of the studies included women 
only, and four studies included both men and women. One study 
did not specify the proportion of men and women in the study 
(Appendix S2D). Six studies reported including healthy participants 
and excluded participants with listed medical conditions, two stud‐
ies included participants with hypertension, and two studies did not 
state whether participants were included or excluded on the basis of 
any medical conditions (Appendix S2D).

There was variability in the number of 24‐hour urine collections 
per participant: seven studies included a single collection, one study 
included two collections, and one included six collections. One study 
did not specify the number of 24‐hour urine collections. Six studies 
collected 24‐hour urine samples in the same time period as the food 
diary or weighed diet record was collected, one collected urine at a 
different time, and three did not specify whether the dietary assess‐
ment and urine collections were concurrent.

Eight studies described a method used to evaluate the complete‐
ness of 24‐hour urine collections (Table 2). Of the studies that used a 
single method of assessing completeness, one study used PABA, one 
study used an assessment of urine creatinine excretion, one study 
used urine volume, and one study relied on self‐reported complete‐
ness. Four studies used a combination of methods, including urine 
volume, self‐reported missing urine collections, PABA, and creati‐
nine excretion. The criteria used to interpret 24‐hour urinary creat‐
inine and PABA excretion, and therefore which urine samples were 
likely to be incomplete, varied between studies. For PABA excretion, 

one study reported that collections with recovery below 85% were 
adjusted to 93% for the determination of complete urine samples. 
Methods of assessment of incomplete samples using creatinine 
excretion included an assessment of within‐ and between‐subject 
variability and exclusion of samples where creatinine (mmol/kg body 
weight) was outside a certain range (different for men and women). 
For urine volume, cutoff levels for the determination of complete 
urine samples were as follows: >500 ml/24 h and >1000 ml/24 h.

Two studies collected a one‐day diet record, five studies col‐
lected three days, and one study four days. In one study, participants 
completed two four‐day diet records which were four weeks apart 
and one study conducted two seven‐day diet records that were 
18 months apart (Table 2). For studies that collected dietary data on 
more than one day, four studies specified that the diet records were 
completed on consecutive days. Four studies used weighed diet 
records, and four studies estimated portion sizes through a combi‐
nation of photographs, weighing and household measures, such as 
cups, spoons, bowls, and utensils. Two studies did not specify the 
methods used to estimate sodium intake for the diet record (Table 2).

Various methods were used to compare the different measures 
including ratios, correlation coefficient, and difference between 
the means. Correlation coefficients of dietary with urinary mea‐
sures were reported for six studies and ranged from 0.11 in Liu et al 
(2014)35 to 0.49 in Lassale et al (2009).36 Two studies did not provide 
details for a method of comparison, one study reported ratios by 
three different diet groups (ratio diet record/24‐hour urine: mixed 
diet ratio, 0.93; shellfish diet ratio, 0.85; vegetarian diet ratio, 0.74),37 
and one study reported that the correlation coefficient between di‐
etary sodium intake and 24‐hour urinary sodium excretion was not 
significant.38 Liu et al reported the mean dietary sodium was on 
average 800 mg (14%) less than that estimated by 24‐hour urinary 
excretion using a single 24‐hour urine collection and a three‐day 
diet record.35 None used a Bland‐Altman analysis to compare diet 
records with 24‐hour urinary excretion.

4  | DISCUSSION

This paper outlines the results of dietary sodium estimates from 
24‐hour diet recall (20 studies) and diet records (food diaries and 
weighed food records) (10 studies) compared with 24‐hour urinary 
excretion to predict an individual’s sodium consumption.

The variety of study methodologies precluded conclusive gen‐
eralizations about the validity of using diet records or dietary recall 
to predict an individual’s dietary sodium. Hence, study findings that 
rely on an assessment of individual sodium consumption based on 
dietary assessment and health outcomes must be viewed carefully 
and skeptically. It is highly likely however that dietary assessment 
methods will continue to be used in population and epidemiolog‐
ical studies due to their ability to measure intakes of multiple nu‐
trients, as well as measure intakes of foods and food groups, and 
assess dietary patterns. Further, validation of specific dietary as‐
sessment methods is required, since food composition databases 
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and particular methods of data collection (such as use of electronic 
data collection and multiple‐pass methods) vary between studies 
and populations. As methods are refined, more accurate methods of 
dietary assessment may be developed; however, these will be popu‐
lation specific and need to be validated in the population of interest. 
Only rigorous study designs with appropriate analysis can define the 
role of using diet records and dietary recall to predict an individual’s 
dietary sodium.

In general, however, we found little evidence that dietary assess‐
ment is a valid method of measurement of usual sodium intake in 
individuals. Only two studies included in this review used the rec‐
ommended Bland‐Altman method to validate 24‐hour recall dietary 
measures agsint 24‐hour urinary sodium Cornejo et al compared re‐
sults of a single 24‐hour urine with average of three 24‐hour diet 
recalls and reported that the Bland‐Altman plot showed a negative 
slope, indicating that the 24‐hour diet recall underestimated intakes 
at higher levels of urinary excretion.24 This may reflect general un‐
derreporting of dietary intake at higher intakes, or social desirabil‐
ity bias due to reluctance to report “unhealthy” (high sodium) foods 
and further the mean difference in sodium was not reported. Other 
studies in this review (such as the Nutrition Biomarker Study and 
AMPM validation study) found underreporting of dietary intake is 
associated with higher body mass index and presumably higher usual 
energy intake,16,31 suggesting a systematic error in 24‐hour dietary 
assessment methods. Kelly et al compared results from two 24‐hour 
diet recalls with a single 24‐hour urine collection and reported a 
mean difference of 87 mg/d; however, the 95% limits of agreement 
were very wide at −3105, 3180.25 This is much wider than would 
be considered useful for studies examining relationships between 
sodium intake and disease outcomes in individuals, although the de‐
gree to which this is typical of 24‐hour diet recalls is not known, due 
to limited use of Bland‐Altman methods in this review.

While correlation is most commonly reported in this review, a 
correlation coefficient is a measure of the degree to which the esti‐
mates are linearly related39 but is not necessarily a good measure of 
agreement, and will not give an indication of relative bias at different 
levels of intake26 For 24‐hour diet records, there was a wide range 
correlation coefficients from 0.1622 to 0.72.23 Many of the reported 
correlation coefficients were above 0.4, which is the level previously 
suggested as being acceptable in validation studies.16 Furthermore, 
in the pooled analysis of five validation studies by Freedman et al, 
it was demonstrated that correlation coefficients were higher with 
three 24‐hour diet recalls (0.42 for men and 0.39 for women) than 
only one 24‐hour diet recall (0.39 for men and 0.24 for women).16 
This is consistent with other research which shows that multiple 
days of recording are required to better estimate usual sodium in‐
take in individuals.40 The correlation coefficients reported in six of 
the 10 studies reporting on diet records were generally lower than 
those of 24‐hour diet recalls, ranging from 0.1135 to 0.49,36 with only 
one above the level of 0.4.

For validation studies such as these, Bland‐Altman analysis is 
generally preferred to correlation. The Bland‐Altman method, de‐
scribed by Bland and Altman in 1986,26 was developed as a way to 

compare two different ways of clinical measurement of the same 
parameter (here dietary sodium intake by dietary assessment and 
urinary excretion). Bland‐Altman plots display the average mea‐
surement using the two methods on the x‐axis, and the difference 
between the two measures on the y‐axis to assess agreement be‐
tween the two measures. A horizontal line at zero on the y‐axis 
would indicate perfect agreement across the range of measures. 
The plots therefore give a graphical display of how well the two 
measures agree at different levels of intake, and can therefore 
show systematic (mean difference) and relative bias as well as lim‐
its of agreement. Bland‐Altman analysis therefore measures mean 
difference between estimates, limits of agreement (95% confi‐
dence interval of the mean difference) and displays relative bias 
at different levels of intake.26 Both studies that used this analysis 
reported wide limits of agreement, indicating poor agreement be‐
tween dietary assessment and urinary measures, and Cornejo et 
al reported a relative bias, with greater difference at higher levels 
of intake.24,25

Attenuation factors (AFs) were calculated in several studies; these 
relate to how the effect of a nutritional variable would be quantified 
in an association study. They estimate the relative bias in relative risk 
(RR) estimates caused by measurement error inherent in dietary as‐
sessment in classical cohort studies. AFs are greater than 0 and less 
than or equal to one; the smaller the AF the more the bias in the ob‐
served RR For example, if the observed RR for heart disease, com‐
paring high‐ to low‐salt consumption, is 1.6 and the AF is 0.5, then 
the “true” RR is estimated as 3.2. The AFs are estimated from valida‐
tion studies involving a gold standard method, such as a biomarker 
assay.13,41 In the pooled analysis by Freedman et al, the attenuation 
factors for 24‐hour diet recalls were higher than those calculated 
for Food Frequency Questionnaires in the same studies, indicating 
that estimates from 24‐hour diet recalls are more suitable than Food 
Frequency Questionnaires for use in cohort studies investigating re‐
lationships between sodium intake and disease outcomes, because 
there is less attenuation of the relationship due to measurement error 
of sodium intake.16 Other methods of comparison included reporting 
a ratio of the means from two methods (dietary estimate/urinary so‐
dium excretion) to estimate reporting accuracy.19,31,37,42,43

As with our first review evaluating Food Frequency Questionnaires,15 
there was variability between studies as to number of days of dietary 
assessment, number of 24‐hour urines collected, and interpretation of 
24‐hour urine results. Many of the 24‐hour diet recall studies reported 
using multiple‐pass methods of assessment, a technique that has been 
developed to minimize recall bias which involves an initial overview of 
foods consumed in the period, followed by more detailed questioning of 
each eating occasion. The USDA AMPM involves a five‐step computer‐
ized recall method, which includes a “forgotten foods” list including sa‐
vory snacks and breads which can be important contributors to sodium 
intake.30 Validation studies of the AMPM show relatively high reporting 
accuracy compared with 24‐hour urinary excretion (0.93 for men and 
0.90 for women). Reporting accuracy was lower for overweight and 
obese participants compared to normal weight.31 The authors conclude 
that the AMPM is a valid measure of estimating sodium intake among 
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adults at a population (or group) level, based on these data. Correlations 
reported in the AMPM study were only moderate, however, at 0.32 
(crude) and 0.46 (adjusted for within‐person variation in biomarker) for 
men and 0.3 (crude) and 0.42 (adjusted) for women.31 This suggests that 
24‐hour diet recall is not an accurate measure of intake at an individual 
level. The overall correlation in the Freedman pooled analysis, which 
included results from the Energetics study, OPEN study, the Nutrition 
Biomarkers study, and the NPAAS, was 0.41,16 which is just over the 
0.4 which has been suggested as the cutoff for acceptability in nutrition 
validation studies.16

The gold standard for assessing dietary sodium is quantifying 
24‐hour urinary sodium. Although an accepted standard for assess‐
ing sodium intake, it is highly dependent on accurate and complete 
collection of 24 hours of urine.12 Various methods can be used to 
assess and exclude incomplete 24‐hour urine samples.44 However, 
when there is a high level of incomplete 24‐hour urines, the different 
methods of excluding incomplete urine samples can markedly alter 
estimations of sodium intake.44 Using PABA to assess completeness 
of 24‐hour urine samples has been recommended.12 In this study, a 
wide variety of differing methods was found for excluding 24‐hour 
urine samples based on PABA excretion. Also studies inappropri‐
ately corrected sodium intake based on PABA collections that were 
lower than 85%. PABA urinary excretion is high soon after ingestion 
and very low after 8 hours and therefore is not suited to linear cor‐
rections. A standard to exclude incomplete urine collections based 
on PABA excretion is needed. We suggest excluding 24‐hour urine 
collections with less than 80% PABA recovery or more than 110% 
PABA recovery. Studies with less than 80% complete urine samples 
should not be used in assessing the validation of other methods of 
assessing sodium intake.

Given the range of study designs included in this review, it is dif‐
ficult to make definitive conclusions about the validity of 24‐hour 
diet recall or diet records with respect to measurement of dietary 
sodium in individuals. These include different numbers of dietary 
and urinary assessment, differences in specifics of 24‐hour diet re‐
call (eg, use of multi‐pass methods, modalities of data collection, in‐
clusion of discretionary salt intake, and different food composition 
databases) and different statistical analyses. Comparing mean levels 
using methods, such as reporting accuracy and ratio of means, may 
be suitable for studies where a tool is to be used for the assess‐
ment and monitoring of population‐level intakes, or for monitoring 
adherence in intervention studies such as clinical trials of dietary in‐
tervention. However, where an accurate measure of an individual’s 
usual sodium intake is required such as in epidemiological studies, 
correlation and Bland‐Altman methods are required.

Limited use of more appropriate statistical methods of assess‐
ing agreement, such as Bland‐Altman methods, limits our ability to 
assess the suitability of these dietary methods as alternatives to 
24‐hour urine. It is perhaps surprising that weighed diet records do 
not perform better as they are often considered the most accurate 
dietary assessment method.9 Prospectively collected diet records, 
however, are participant to bias if the individual changes dietary 
intake during the observation period. The inclusion of prompts, Fi
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and forgotten foods lists in the multiple‐pass 24‐hour diet recall 
methods may also in some way account for the apparent superior‐
ity of 24‐hour diet recall methods. Nine of the studies specifically 
report the use of multiple‐pass methods16,20,22,25,45; however, due 
to the range of comparison statistics reported, it is difficult to as‐
sess whether multiple‐pass methods are more valid overall. A more 
standardized method of validation would enable better comparison 
between specific 24‐hour recall tools.

We have made a series of recommendations (Table 3) based on 
the findings of this review, and our previous review.3 We suggest 
that up to seven days of assessment using dietary and urinary meth‐
ods are required for validation studies where an accurate measure 
of individual intake is required, due to evidence from studies con‐
ducted in carefully controlled environments.46,47 These should be 
concurrent, and dietary assessment methods should include a mea‐
sure of discretionary intake of salt and salty condiments and sauces, 
especially in countries where these make up a substantial proportion 
of overall sodium intake. Multiple‐pass methods are likely to improve 
accuracy of 24‐hour diet recalls, and local regularly updated food 
composition databases should be used to analyze nutrient data.

We also note the validity of any dietary assessment method will 
depend on access to accurate food composition data, and meticu‐
lous data collection. Twenty‐four–hour diet recall methods are more 
generic, and transferable across populations, unlike Food Frequency 
Questionnaires which require knowledge of which foods are likely 
to contribute substantially to sodium intake (such as sauces and 
condiments), which are population specific. All dietary assessment 
methods have difficulty estimating discretionary salt intake, and this 
is likely to be a limitation of these methods, especially in individuals 
and populations where discretionary salt is a major contributor to 
overall intake.

4.1 | Recommendations

Twenty‐four–hour diet recall and diet records are not recommended 
to be used to assess sodium intake in research studies that ex‐
amine associations between an individual’s sodium intake and 
health‐related outcomes unless there has been a high‐quality val‐
idation study.

Validation studies should use a variety of methods, including 
Bland‐Altman, calculation of bias at different levels of intake. 
Attenuation factors that enable interpretation of how systematic 
measurement error may cause bias when estimating aetiological 
associations may also be used. Studies should not rely solely on 
correlation coefficients.

All methods require use of comprehensive, up‐to‐date, and accu‐
rate food composition databases. Validation studies only apply to 
research in populations where the food composition database is 
directly applicable.

Twenty‐four–hour urine collection (up to seven) should continue to 
be the reference method for validation studies.46,47 Twenty‐four–
hour urine collections should be assessed for completeness using 
a suitable method (such as PABA).

Multiple (up to seven) days of dietary assessment should be used for 
validation studies.46,47
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TA B L E  3   Recommendations for validation studies of 24‐hour 
diet recall or diet records measuring individual's usual sodium 
intake

Twenty‐four–hour diet recall

Multiple preferably nonconsecutive days of dietary assessment 
per participant should be included.40

Recall methods should include an estimate of discretionary salt 
used (in cooking or at the table), as well as high‐salt condiments 
and sauces where appropriate.

Multiple‐pass methods should be considered.

Diet records (weighed diet record or food diary)

Multiple preferably nonconsecutive days of dietary assessment 
per participant should be included.

Records should include an estimate of discretionary salt used (in 
cooking or at the table), as well as high‐salt condiments and 
sauces where appropriate.

Reference method: 24‐hour urine

24‐hour urinary sodium excretion is the recommended reference 
method.

Multiple preferably nonconsecutive 24‐hour urine collections per 
participant should be collected.40

Urine collections should be undertaken over the same period of 
assessment as the dietary assessment.62

Twenty‐four–hour urine collections should be assessed for 
completeness using a suitable method (such as PABA excretion).

Statistical analysis

Multiple methods should be used, depending on the purpose of 
research62

Bland‐Altman methods should be used to assess agreement and 
relative bias between sodium estimates from 24‐hour diet recall/
diet records and urinary excretion.

Additional useful statistical methods include correlation, 
regression, and kappa if data are to be presented as categorical 
or binary.

Sample size should be carefully considered—at least 50‐100 
participants for each population group has been suggested for 
nutritional validation studies.62

Reporting

Details of results of validation studies should be reported in 
utilization studies (including mean difference and limits of 
agreement), rather than describing the dietary assessment as a 
“validated.”
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