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Abstract word count 243

The International Consortium for Quality Research on Dietary Sodium/Salt (TRUE) is a coalition of
intentional and national health and scientific organizations formed because of concerns low quality research
methods were creating controversy regarding dietary salt reduction. One of the main sources of controversy
is believed related to errors in estimating sodium intake with urine studies. The recommendations and
positions in this manuscript were generated following a series of systematic reviews and analyses by experts
in hypertension, nutrition, statistics and dietary sodium. To assess the population’s current 24-hour dietary
sodium ingestion, single complete 24-hour urine samples, collected over a series of days from a
representative population sample were recommended. To accurately estimate usual dietary sodium at the
individual level, at least 3 non-consecutive complete 24-hour urine collections obtained over a series of
days that reflect the usual short-term variations in dietary pattern were recommended. Multiple 24-hour
urine collections over several years were recommended to estimate an individual’s usual long-term sodium
intake. The role of single spot or short duration timed urine collections in assessing population average
sodium intake requires more research. Single or multiple spot or short duration timed urine collections are
not recommended for assessing an individual’s sodium intake especially in relationship to health outcomes.
The recommendations should be applied by scientific review committees, granting agencies, editors and journal
reviewers, investigators, policy makers, and those developing and creating dietary sodium recommendations. Low-
quality research on dietary sodium/salt should not be funded, conducted, or published.
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High intake of dietary sodium is considered one of the leading global health risks and reducing dietary sodium is
estimated to be one of the most cost-effective strategies to improve population health 2. As a result, reducing
dietary sodium by 30% is one of nine World Health Assembly - World Health Organization endorsed targets to reduce
the global burden of non-communicable disease by 25% by 2025 3. Based on comprehensive systematic reviews of
the evidence, multiple national and international health and scientific governmental, and nongovernmental
organizations have recommended reducing dietary sodium at the population level *. However, there are research
studies that associate lowering dietary sodium with harm >®. Concern has been expressed by several national and
international health and scientific organizations that the association of reduced dietary sodium with harm results, in
part , from the use of inappropriate low-quality research methods ’. As a consequence, several international health
and scientific organizations formed the International

Consortium for Quality Research on Dietary Sodium/Salt (TRUE consortium,
https://warwick.ac.uk/fac/sci/med/staff/cappuccio/who/true/, accessed March 29, 2019) with a goal of establishing
recommended minimum standards for conduct of research on dietary sodium s.

This position statement provides recommendations for minimum standards related to the use of 24-hour, spot or
short duration (less than 24-hours) timed urine collections to assess usual dietary sodium intake in healthy people (A
spot urine collection is a single voided urine collection that is not specifically timed, including untimed first morning
voids). This statement does not focus on dietary instruments as the TRUE Consortium and others have developed
detailed recommendations related to their use in nutrition research **2. To our knowledge, there is no
comprehensive recommendation available for use of urinary biomarkers in assessing usual sodium intake in nutrition
research. In developing the position statement and recommendations, the TRUE consortium formed a scientific
committee with expertise in nutrition and specifically dietary sodium, public health, epidemiology, statistics,
physiology, and hypertension (https://warwick.ac.uk/fac/sci/med/staff/cappuccio/who/true/, accessed March 29,
2019). Experts who had conflicts of interest with the salt or food industry were excluded. The positions and
recommendations in this document are based on a meta-analysis of urinary sodium excretion in healthy population
performed by the TRUE consortium, as well as meta-analyses of studies examining the association between measured
24-hour urinary sodium excretion and urinary sodium excretion estimated using spot and short-term timed urine
collections . Because many diseases could impact urinary excretion of sodium, the recommendations pertain only
to research on healthy individuals and populations. approved by consensus of the TRUE expert committee. The
manuscript was then reviewed for approval and supported by the organizations listed in Table 1.

One of the major methodologic challenges in research on dietary sodium is accurate assessment of dietary sodium
1016 Qutside of tightly controlled trials, in most circumstances, individuals’ diets vary widely from meal to meal, day
to day, work day to weekend day, and have many other temporal sources of variation related to factors such as
seasonal availability of foods, holidays, cultural practices, and climatic change (flood, drought, heat and cold) causing
altered food availability *®. Small, rigorous studies have directly and carefully measured the sodium content of foods
and beverages, and the amount consumed 2. Such intensive methods are not feasible in studying the health impact
of dietary sodium in large, long-term studies conducted in non-institutionalized populations due to the difficulty in
measurement of portion sizes and discretionary salt use, errors in self-report, and inaccuracies in food composition

databases with respect to sodium concentration ****°, Hence, other means of assessing sodium intake have evolved
10,11,16

Study methodologies to assess dietary sodium may differ depending on the purpose of the research. Some studies
are primarily designed to assess the average sodium intake of a population (e.g. to assess the overall impact of a
population-wide dietary intervention) while others are primarily designed to assess individual sodium consumption
(e.g. to relate individuals’ sodium intake to health outcomes). Estimation of average sodium consumption at the
population level is minimally impacted by random error because random high and low individual estimates offset
each other. In contrast, random error adds variability when estimating a population distribution and can result in
inaccurate estimates at high or low levels of intake (e.g., percentiles, prevalence of inadequate or excess intake).
When examining the relationship between individual-level sodium intake and health outcomes, random error will
influence the association. Systematic error will affect estimates of sodium consumption for both population averages
and individual-level assessments, independent of the sample size. Systematic error can be constant or vary depending
on the level of sodium intake or other factors (e.g. varying degrees of non-adherence with urine collection). This
implies that when assessing population average intake, the prime concern is to minimize systematic error (taking into
account that random error can affect percentile and prevalence estimates of high or low intake levels), while research
assessing sodium intake in relation to health outcomes of individuals must minimize both random error and
systematic error %,
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A further challenge in assessing dietary sodium is related to the time period being assessed (current, short-term (~1
year) and/or long-term intake (years)). Because of temporal variations in sodium intake, sodium excretion from a
single 24-hour urine collection does not reflect usual short- or long-term intake in individuals. Between-day variation
in sodium intake in an individual can be as high as inter-individual differences in intake *¢. Sodium excretion from a
single 24-hour urine collection may not reflect short- and long-term population average intake either, due to seasonal
variability in food intake, age-related changes in food intake (e.g. in aging populations), as well as population
interventions to decrease sodium intake.

Excretion of dietary sodium in urine

Under homeostatic circumstances of constant sodium intake in healthy people, approximately 93% of ingested
sodium is excreted in the urine 2. Similarly, studies in non-institutionalized populations on their usual diets also find
that about 90% of sodium is excreted in urine >, In one small study with limited documentation, ingested sodium
was exponentially excreted within 6 hours. 2. Similarly, following acute intravenous administration of 106 mg/kg
sodium, most sodium was excreted within 5-10 hours and all within 40 hours. ?. It takes longer to fully excrete
ingested sodium when there is an overall change in the usual amount of sodium ingested (i.e. a change in
homeostasis) 2>%*. When there is a significant change in dietary sodium, a new homeostasis requires 2-7 days to be
achieved 3?%%326 Even at a constant sodium intake, the individual daily variation in sodium excretion is large and
some studies find a weekly cycle in sodium excretion associated with cycles in aldosterone excretion 27-%°.

24-hour urine collections to assess average population sodium intake

Twenty-four hour urine collections capture approximately 93% of the current average population sodium intake®>.
Hence, 24-hour urinary sodium can be used to provida close estimate of current 24-hour dietary sodium in population
studies. Assessing average population sodium intake is minimally affected by the random component of day- to-day
variation in sodium excretion in individuals as the random over- and under-estimates of individual sodium intake are
balanced out in calculating the population average. The caveats are that the 24-hour urine collections need to be
complete, collected on days that are representative of the usual population pattern of sodium intake (e.g. a mixture
of weekend and week days) and the participants need to be representative of the population in question. If the intent
is to assess usual short-term sodium intake in a population, the study design also needs to take into consideration
seasonal or cultural variations (if any) in dietary patterns through inclusion of measurements across the time period
(e.g., a year) and cultural groups of interest. Seasonal variation may affect the extent to which ‘discretionary’ or added
salt contributes to total salt consumption in some diets and there may be agricultural or climatic influences on diet
that need to be accounted for in the study design. Short term sodium intake may be used to relate to short term
changes in outcomes such as change in blood pressure. Long-term (>1 yr.) estimation of dietary intake also needs to
consider changes in diet over time (e.g. population interventions to reduce dietary sodium, reduced food intake with
age in aging populatins). Estimating the long-term sodium intake in a population is usually most relevant for studies
assessing the impact of population policies or strategies to reduce dietary sodium, e.g. that require stepwise changes
in the sodium content of the food supply, or the relationship between dietary sodium and chronic disease outcomes
(e.g. stroke).

24-hour urine collections to assess healthy individuals sodium intake

Sodium ingestion in individuals varies from day to day, and 24-hour urinary sodium excretion also varies in individuals
at a constant sodium intake. Hence, multiple days of 24-hour urine collections are needed to assess an individual’s
usual sodium intake %393, Forty-five to fifty percent of respondents switched tertile of sodium intake when a single
24-hour urine collection was used to estimate long-term sodium intake vs sequential 24-hour urine collections in a
study from Amsterdam 32, The required number of 24-hour urine collections to obtain a stable estimate of usual
sodium intake is likely to differ wth different dietary patterns, populations, and settings, and has been estimated to be
at least 3 non-consecutive days 223139 Weaver et. al. found that ten 24-hour urine collections were required to
have a 75% reliability to estimate an individual’s sodium intake when on a constant sodium diet and this number is
likely higher when there is substantial day-to-day variation in sodium intake?. The strength of the association
between dietary sodium and health outcomes is highly influenced by the number of urine collections 3>%%°, The
issues relating to current, short-term, and long-term estimates of sodium intake for populations also apply to
individuals. Current sodium intake estimates require multiple 24-hour urine collections that account for usual daily
changes in dietary patterns (e.g. weekday vs weekend day). Short-term sodium intake estimates for one year need to
account for annual cyclic changes in diet by the timing of 24-hour urine collections and long-term sodium intake
needs to have 24-hour urine collections taken throughout the study timeframe.
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Challenges in collecting 24-hour urine collections

There are challenges in collecting complete 24-hour urine collections that can reduce their utility in assessing dietary
sodium®®. Study conduct and quality control must be rigorous to ensure complete urine collection [27]. The
systematic under-collection of 24-hour urine collections commonly seen in less rigorously conducted studies, will
underestimate both population and individual sodium intake. Over-collection, which is less common, will do the
opposite. There is also considerable respondent burden in collecting 24-hour urines, such that a sizable proportion of
potential respondents may decline to enter studies that involve 24-hour urine collection %, This could lead to
incorrect population estimates if some population groups are under- or over-represented (e.g. by gender or age
group) and a high drop-out rate can lead to an inadequate sample size. Lastly, there may be higher costs and
investigator burden related to collecting 24-hour urines in some settings relative to spontaneously voided urine
collections. Formulae based on urine creatinine to assess completeness of 24-hour urine collections are not accurate
in differentiating incomplete from complete collections especially in studies with a high rate of incomplete 24-hour
urine collections **.

Twenty-four hour urine collection studies should consider incorporating an estimation of completeness of the
collection using para-aminobenzoic acid (PABA). Urine collections with less than 80% recovery of PABA should not be
used in calculating dietary sodium intake in those under age 70 years, while a threshold of less than 70% recovery is
reasonable in those aged 70 years and above *2. Studies in which fewer than 80% of the urine collections meet the
PABA recovery thresholds should not be used to assess sodium intake. The use of PABA markedly enhances the
quality control for a study but adds additional costs, the potential for non-adherence to PABA, as well as increased
participant burden, which can reduce participation rates.

Use of spot urine and short duration timed urine collections to assess average population sodium intake

Estimates of a population’s average sodium intake with spot and short duration timed urine collections are not likely
to be influenced by random error (each measurement is likely to be randomly above or below the average) but are
very likely to be influenced by systematic errors. Several formulae used to estimate 24-hour urine sodium from spot
collections have relatively small systematic errors in estimating average population sodium intake; however, some
formulae used in different settings, result in more substantive systematic error (>400 mg sodium) ***>. Currently, all
commonly used formulae systematically overestimate sodium intake at lower 24-hour urine sodium and
underestimate intake at higher 24-hour urine sodium ***>%%4344 Thys, changes in dietary sodium intake at the
population level (both increases and decreases) will be systematically underestimated when assessed by spot urine
samples. Concerns have been expressed that changes in temperature/ humidity (impacting hydration), and other
poorly understood factors that impact the highly variable association of spot and short duration timed collections to
24-hour urine estimates of sodium, may cause inaccuracies in assessing population changes in dietary sodium over
time *°. Further, estimates of the average error in many of the studies assessing the validity of spot and short duration
timed urine collections are likely to be impacted by the high rate of incomplete 24-hour urine collections in these
studies. A Pan American Health Organization Technical Advisory Group (TAG) on dietary sodium advised caution in
using spot and short duration timed urine collections to assess average population sodium intake **. The TAG
recommended to only consider using spot and short duration timed urine collections if there was a robust baseline
calibration study with 24-hour urine collections. The impact of the systematic error inherent in the use of spot urine
collections in assessing changes in population averages over time, as planned in surveillance programs, remains to be
established **®. A few studies have examined the average error of multiple spot or short-term timed urine collections
for assessing a population average sodium intake. The single study that reported Bland-Altman plots showed
underestimates of 24-hour urine sodium at lower 24-hour urine sodium and overestimate at higher 24-hour urine
sodium #’. Other studies have indicated that multiple spot or short-term timed urine collections may provide a more
reliable estimate of 24-hour urine sodium, and closer associations with 24-hour urine sodium 3>*#4° put this was not
the case in all studies *°.

Use of spot and short duration timed urine collections to assess usual current healthy individuals sodium intake

In a systematic review, correlations between 24-hour sodium estimated from spot and 24-hour urine collections were
not consistent, with substantial variation from 0.17 to 0.94 *°. Although some investigators have claimed that a high
correlation in a validation study indicates the test is valid, this is statistically inappropriate and misleading because
correlation coefficients measure relationships rather than concordance of absolute values *1. When analyzed
appropriately, using Bland-Altman plots, a systematic review found all the formulae used to convert sodium in spot
urine and short duration timed urine samples to 24-hour urine sodium reported over-estimation of 24-hour urine
sodium at lower absolute levels of 24-hour urine sodium and underestimation at higher absolute levels of 24-hour
sodium. This indicates that formulae based on spot urine collections should not be used to predict 24-hour sodium in
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an individual or as an estimate of sodium intake in studies of sodium association with health outcomes ***#4, Using a
spot urine collection to assess an individual’s sodium intake will be influenced by both random and systematic error
and hence, large inaccuracies occur. Indeed, the errors in estimating an individual’s 24-hour urine sodium with this
technique can exceed 8000 mg, which is greater than an adult’s mean daily intake in most populations °**3. Further,
studies examining spot and short duration timed urine collections have used a single 24-hour urine collection as an
indicator of usual current sodium intake for individuals. As previously discussed, multiple 24-hour urine collections
are required to reflect usual current intake in individuals. A few studies have investigated the potential for multiple
spot urine collections to estimate usual sodium intake as assessed by multiple 24-hour urine collections **, As is the
case for single spot urine collections, multiple spot urine collections under-estimate 24-hour urine sodium at lower
24-hour urine sodium and overestimate at higher 24-hour urine sodium and differences between the methods can be
as much 7000 mg sodium®’. Current data do not support using single or multiple spot or short-term timed urine
collections to assess individual sodium intake 47>%°3,

Use of spot and short duration timed urine collections to assess sodium intake and its relationship to disease
Because sodium intake varies widely between meals, days, and seasons, and because most ingested sodium is
exponentially and rapidly excreted within hours when eating a usual diet, there is little scientific rationale to expect
the sodium concentration or quantity from a single spot or short duration timed urine collection to reflect current or
long-term sodium intake. Sodium concentration in spot and short duration timed urine collections will largely reflect
the sodium content of food and beverages consumed within hours of the urine collection 2. The quantity and
concentration of sodium is also influenced by state of hydration, body position, time of day, common substances with
natriuretic or diuretic action (e.g. caffeine), neurohormonal activation (e.g. early morning rise), and cyclic changes in
aldosterone as well as several common diseases and their treatments 2°®*’. These confounding factors that influence
guantity and concentration of sodium in short duration timed and untimed urine collections further weaken the
scientific rationale for hypothesizing that short duration urine collections could reflect an individual’s long-term
sodium consumption.

To partially account for variation in hydration, some investigators have examined the urine sodium in relationship to
creatinine. Creatinine is secreted by the renal tubules and less impacted by state of hydration than sodium, which is
avidly reabsorbed in the renal tubules when there is dehydration®®. Changes in the fractional excretion of sodium
relative to creatinine is used, clinically, to assess dehydration as a cause of renal dysfunction®®. A person’s hydration
status is a confounder in assessing sodium consumption using the ratio of sodium to creatinine in urine. The
relationship between sodium and creatinine excretion is also changed by diuretics, such as caffeine, several kidney
diseases, and illnesses .

Several formulae have been developed to estimate 24-hour urine sodium from a spot urine sodium collection among
adults. Most of these formulae utilize age and gender as variables that are predictive of average sodium intake. On
average, sodium intake is lower in females than males and lower in older adults than younger adults and lower in
children than adults. Many formulae also incorporate urine creatinine concentration, potentially to correct for
changes in sodium concentration related to urinary dilution/concentration or possibly because creatinine is closely
related to muscle mass (and indirectly to physical activity), and hence may relate to food intake >>®°. Some formulae
also incorporate weight, height (or body mass index), and urine potassium (potentially related to sodium-potassium
exchange in the renal tubules or to the types of food consumed) ®*. Age and gender are strong predictors of death
and cardiovascular events. Body mass index has a complex relationship with health outcomes as both high and low
values are major health risks ®2. Further, creatinine (as a reflection of impaired renal function and muscle mass) 5%,
and potassium (either directly or as a marker of diet quality) are also predictive of major health outcomes . The
associations between sodium intake estimated by formulae and disease are likely to be affected by the known and
strong confounding variables in the formulae. Recently, use of such formulae has been found to alter the relationship
of estimated sodium intake to death compared to an average of multiple days of 24-hour urine sodium collections “°.

Most of the published validation studies of formulae used to predict 24-hour urine sodium from spot or short
duration timed urine collections have had poor quality control®>. Many of the validation studies have high rates of
incomplete 24-hour urine collections and/or had not assessed the completeness of the 24-hour urine collections 1.
If the 24-hour urine collections are not complete, there is no valid reference standard for comparison of the spot
urine collections, and assessing the average error accurately for the spot urine collections is not possible . Moreover,
some studies use ‘dependent’ spot urine collections from the same 24-hor urine collection they are being compared
to. This can inflate the correlation between the two collections, especially with high rates of incomplete 24-hour urine
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collections, as it is in part comparing a sample to itself ®. Further, when there are high rates of incomplete 24-hour
urine collections, common indirect methods of assessing completeness of 24-hour urine collections do not agree on
which collections are incomplete *! and the different methods can alter the estimated 24-hour sodium by 2-fold ©’.
Finally, many of the validation studies have been conducted in healthy normal volunteers whose health characteristics
do not reflect those of the individuals in whom the formula is employed “4,

The lack of scientific rationale to support the hypothesis, serious methodological issues in validation studies,
incorporation of major confounding risk factors in formulae to estimate 24-hour urine sodium and systematic
differences in error with different levels of dietary sodium have led several to recommend that spot and short
duration timed urine collections not be used ***°. Finally, these shortcomings create distortions in the associations
between estimated salt consumption and health outcomes [37]. The current data do not support using single or
multiple spot or short-term timed urine collections to assess sodium intakes in association with health outcomes.

Position and recommendations on the use of 24-hour urine collections to assess dietary sodium intake (Table 2)

1) Single complete 24-hour urine collections, collected over a series of days that represent the population’s usual
dietary patterns, provide a reasonably accurate estimate of current 24-hour dietary sodium ingestion in a
population, underestimating true intake by about 7%.

2) Several days of complete non-consecutive 24-hour urine collections are necessary to accurately reflect an
individual’s current/usual sodium intake. The number of days of collection required will relate to the inter- and
intra- individual variations in sodium intake in the population. At least 3 non-consecutive 24-hour urine
collections collected over a series of days that reflect the usual short-term variations in dietary pattern (e.g.
weekday vs weekend day, usual daily variation in sodium intake) are needed to get a reasonably accurate estimate
of usual dietary sodium at the individual level. Multiple 24-hour urine collections over several years are needed
for the estimation of an individual’s usual long-term sodium intake.

3) Rigorous attention to quality control, including careful training of research leads, field workers, and study
participants, should be in place to ensure a high participation rate and a high rate of complete 24-hour urine
collections.

Position on the use of spot or short duration timed urine collections (less than 24-hours) to assess dietary sodium

intake (Table 2)

1) The role of single spot or short duration timed urine collections in assessing population average sodium intake
requires more research for a definitive position and should be used cautiously for this purpose. Where a single
spot or short duration timed urine sample is used to assess average population sodium intake, a simultaneous
calibration study with complete 24-hour urine samples should ideally be conducted in an adequately large subset
to ensure the accuracy of the estimate.

2) Single or multiple spot or short duration timed urine collections are not recommended for assessing an
individual’s sodium intake especially in relationship to health outcomes.

Discussion:

The TRUE Consortium recommends 24-hour urine collections be retained to assess population and individual sodium
intake, with a cautious and currently unclear role for spot and short-term timed urine collections to assess population
average sodium intake. For individual sodium intake, three and up to ten 24-hour urine collections are needed to
obtain a reliable estimate. The important caveats to 24-hour urine collection include that rigorous methods are used
to ensure complete urine collection and to assess completeness of the 24-hour urine collections, that the participants
are representative of the population being studied, and that the timing of the urine collections meets the needs of
the research question (current, annual, or long-term sodium consumption). The Consortium recommends not to use a
spot and short-term timed urine collection to assess individual sodium intake.

The TRUE consortium’s systematic reviews indicate that low-quality research has been commonly used in assessing
dietary sodium. Previous systematic reviews on the use of 24-hour urine collections, food frequency questionnaires,
dietary records, and 24-hour diet recall to assess sodium intake found serious methodological issues to be common
1113 Few high-quality validation studies were identified in our searches. A priority is to develop minimum
methodologic standards for the conduct of validation studies. A regularly updated systematic review of the literature
assessing the association of sodium intake to clinical outcomes found the majority of studies could not meet even
minimum methodologic criteria 7. The initial TRUE consortium position on blood pressure measurement in
research studies was also developed because few research studies used the recommended methods to assess blood
pressure®®. Institutions funding research, journals, and scientists need to carefully assess the validity of the methods
used in research relating to dietary sodium to ensure reliable guidance to public health programs.
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Increasing evidence relates low-quality research methodology on dietary sodium to findings of ‘U-shaped’, ‘J- shaped’,
or ‘inverse linear’ associations between sodium intake and health outcomes. Meta- analyses that use criteria to
exclude cohort studies with major methodological weaknesses find positive associations between increasing dietary
sodium and cardiovascular events, especially stroke 7>7%. In contrast, meta-analyses that do not exclude studies with
major methodological weaknesses find J- or U- shaped associations with dietary sodium and cardiovascular outcomes
778 The importance of research rigor in assessing multiple 24-hour urine collections over time is emphasized in a
study conducted by Olde Engberink et. al. where dietary sodium assessed by a single 24-hour urine collection at
baseline had a ‘U-shaped’ relationship cardiovascular disease, with the association at high sodium intake not being
different from that at low intake. When Olde Engberink et. al. assessed multiple 24-hour urine collections over 1-5
years, there were substantially different estimates of individual sodium intake, and the risk of cardiovascular disease
increased progressively with intake 2. Similarly, in the Trials of Hypertension Prevention (TOHP), estimates of sodium
intake from an average of multiple 24-hour urine collections had a statistically significant linear relationship with
death, while the association was relatively flat, and not statistically significant when sodium intake, was measured by
a single 24-hour urine collection *°. Further, in the TOHP studies, when the Kawasaki equation was used to estimate
24-hour urine sodium from the sodium concentration in 24-hour urine collections, the association with death was not
statistically significant and appeared to take on a J-shaped curve. The lack of a credible scientific rationale to relate
estimation of dietary sodium using spot urine collections or short-term timed urine collections to usual sodium intake,
coupled with numerous confounding factors in the estimation with patient outcomes (including reverse causality in
studies using sick participants)’®, systematic and random errors in estimating individual intake and the poor quality of
validation studies has led the TRUE Consortium to recommend to not use these collections to estimate individual
sodium intake. Although spot or short-term timed urine collections may provide rough estimates of population
average sodium consumption, with the current formulae used to estimate 24-hour urine sodium, there is systematic
error in estimating the population average with overestimates at lower average population sodium intake and
underestimates at higher average 24-hour urine sodium. Further, there is inadequate research to assess the
performance of spot urine collections or short-term timed urine collections to monitor changes in sodium intake over
time and in different settings (e.g. increased temperature).

In developing this position statement, the committee identified several areas where more research is needed. These
include: 1) What is the role of spot or short-term timed urine collections in estimating population average sodium
intake and its changes over time?; 2) How do changes in temperature/humidity, nutrition transition, or long-term
dietary changes affect estimation of sodium intake from the different formulae used to estimate 24-hour urie
sodium?; 3) Can multiple spot or timed urine collections accurately estimate usual sodium intake in an individual
and/or in a population?; 4) How do age, gender, ethnicity, and setting affect estimation of sodium intake from the
different spot urine formulae?; 5) Will any or all the formulae used to estimate 24-hour urine sodium alter the
relationship of sodium intake to outcomes?; 6) How many 24-hour urine sodium collections are needed to accurately
assess usual sodium intake in an individual and how does this change with different dietary patterns?; 7) How can 24-
hour urine collections best be assessed for completeness (How do different indirect measures of complete urine
collection relate to the use of PABA to assess completeness)?; What range of PABA recovery best reflects complete
urine collection?; Can adjustments to complete collection be made based on less than complete PABA recovery)?; 8)
Can spot or timed urine collections detect small but public health-relevant changes in average population salt
consumption?; and 9) What is the rate (e.g. half-life) of urinary excretion of ingested sodium when people are eating
their usual diet?

Using the best current evidence, high dietary sodium intake has been stated to be a leading risk for death and
disability globally, with reducing dietary sodium being one of the most cost-effective mechanisms to improve
population health 8. However, some research finds reducing dietary sodium to be associated with harm ”’. The
TRUE consortium and others have expressed concern that low-quality research methods, including inaccurate
assessment of dietary sodium and not accounting for confounding health risks (i.e. use of formulae and spot or short-
term timed urine collections 1131346668182 gystamatic review of the use of dietary records, food recall, and food
frequency questionnaires have led the TRUE Consortium to recommend against using those methods for assessing
sodium intake in individuals. Studies on dietary sodium need to be done rigorously and reproducibly with appropriate
methods to further scientific knowledge and support public health action. In contrast, low-quality research can
generate false controversy, and misleading results thus confusing policy makers and the public with a strong potential
to harm the ongoing public health efforts to reduce cardiovascular disease burden globally. The recommendations are
intended to guide scientific review committees, granting agencies, editors and journal reviewers, investigators, policy
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makers, and those developing and creating dietary sodium recommendations. Low-quality research on important
public health topics should not be funded, conducted, or published.

1. Global Burden of Disease Website. 2018; http://vizhub.healthdata.org/gbd-compare/. Accessed 3

May, 2018.

2. World Health Organization. Saving lives, spending less: a strategic response to noncommunicable
diseases. Geneva, Switzerland 2018 (WHO/NMH/NVI/18.8). Licence: CC BY-NC-SA 3.0 IGO.

3. World Health Organization. WHO Global Action Plan for the Prevention and Control of

Noncommunicable Diseases 2013-2020. Geneva, Switzerland: WHO Press, World Health
Organization;2013. 978 92 4 150623 6.

4, Campbell NR, Lackland DT, Niebylski ML, et al. 2016 Dietary Salt Fact Sheet and Call to Action: The
World Hypertension League, International Society of Hypertension, and the International Council of
Cardiovascular Prevention and Rehabilitation. J Clin Hypertens. 2016;18:1082-1084 PubMed .

5. Mente A, O'Donnell M, Rangarajan S, et al. Urinary sodium excretion, blood pressure, cardiovascular
disease, and mortality: a community-level prospective epidemiological cohort study. Lancet.
2018;392(10146):496 PubMed -506.

6. O'Donnell MJ, Yusuf S, Mente A, et al. Urinary sodium and potassium excretion and risk of
cardiovascular events. JAMA. 2011;306(20):2229 PubMed -2238.
7. Campbell NR, Appel LJ, Cappuccio FP, et al. A call for Quality Research on Salt Intake and Health:

From the World Hypertension League and Supporting Organizations. J Clin Hypertens.
2014;16(7):469 PubMed -471.

8. TRUE Consortium (inTernational consoRtium for qUality resEarch on dietary sodium/salt).
Recommended standards for assessing blood pressure in human research where blood pressure or
hypertension is a major focus. J Clin Hypertens. 2017;19(2):108 PubMed -113.

9. Thompson FE, Kirkpatrick Sl, Subar AF, et al. The National Cancer Institute's Dietary Assessment
Primer: A Resource for Diet Research. J Acad Nutr Diet. 2015;115(12):1986-1995.
10. McLean RM. Measuring population sodium intake: a review of methods. Nutrients.

2014;6(11):4651 PubMed -4662.

11. McLean RM, Farmer VL, Nettleton A, Cameron CM, Cook NR, Campbell NRC. Assessment of dietary
sodium intake using a food frequency questionnaire and 24-hour urinary sodium excretion: a
systematic literature review. J Clin Hypertens. 2017;19(12):1214-1230.

12. McLean RM, Farmer VL, Nettleton A, et al. Twenty-Four-Hour Diet recall and Diet records compared
with 24-hour urinary excretion to predict an individual's sodium consumption: A Systematic Review.
J Clin Hypertens. 2018;20(10):1360-1376.

13. Lucko AM, Doktorchik C, Woodward M, et al. Percentage of ingested sodium excreted in 24-hour
urine collections: A systematic review and meta-analysis. J Clin Hypertens. 2018;20:1220-1229.

14. Huang L, Crino M, Wu JH, et al. Mean population salt intake estimated from 24-h urine samples and
spot urine samples: a systematic review and meta-analysis. Int J Epidemiol.
2016;45(1):239 PubMed -250.

15. Ji C, Sykes L, Paul C, et al. Systematic review of studies comparing 24-hour and spot urine collections
for estimating population salt intake. Rev Panam Salud Publica. 2012;32(4):307-315.

16. Cogswell ME, Maalouf J, Elliott P, Loria CM, Patel S, Bowman BA. Use of Urine Biomarkers to Assess
Sodium Intake: Challenges and Opportunities. Annu Rev Nutr. 2015;35:349-387 PubMed .

17. Conway JM, Ingwersen LA, Moshfegh AJ. Accuracy of dietary recall using the USDA five-step
multiple-pass method in men: an observational validation study. ] Am Diet Assoc.
2004;104(4):595 PubMed -603.

18. Gemming L, Jiang Y, Swinburn B, Utter J, Mhurchu CN. Under-reporting remains a key limitation of
self-reported dietary intake: an analysis of the 2008/09 New Zealand Adult Nutrition Survey. Eur J
Clin Nutr. 2014;68(2):259 PubMed -264.

19. James WP, Ralph A, Sanchez-Castillo CP. The dominance of salt in manufactured food in the sodium
intake of affluent societies. Lancet. 1987;1(8530):426 PubMed -429.

https://mc.manuscriptcentral.com/LongRequest/clhtn?DOWNLOAD=TRUE&PARAMS=xik_2KLFpFuM7vutJE333DZmP1WyGTzFZ5mPe2XXbr...  9/13


http://vizhub.healthdata.org/gbd-compare/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Clin%20Hypertens[Journal]%20AND%2018[Volume]%20AND%201082[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Lancet[Journal]%20AND%20392[Volume]%20AND%2010146[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=JAMA[Journal]%20AND%20306[Volume]%20AND%2020[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Clin%20Hypertens[Journal]%20AND%2016[Volume]%20AND%207[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Clin%20Hypertens[Journal]%20AND%2019[Volume]%20AND%202[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Nutrients[Journal]%20AND%206[Volume]%20AND%2011[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Epidemiol[Journal]%20AND%2045[Volume]%20AND%201[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Rev%20Nutr[Journal]%20AND%2035[Volume]%20AND%20349[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Am%20Diet%20Assoc[Journal]%20AND%20104[Volume]%20AND%204[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Eur%20J%20Clin%20Nutr[Journal]%20AND%2068[Volume]%20AND%202[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Lancet[Journal]%20AND%201[Volume]%20AND%208530[Page]&doptcmdl=DocSum

4/5/2019 https://mc.manuscriptcentral.com/LongRequest/clhtn?DOWNLOAD=TRUE&PARAMS=xik_2KLFpFuM7vutJE333DZmP1WyGTzFZ5...

20. Freedman LS, Commins JM, Moler JE, et al. Pooled results from 5 validation studies of dietary self-
report instruments using recovery biomarkers for potassium and sodium intake. American J
Epidemiol. 2015;181(7):473-487.

21. Strauss MB, Lamdin E, Smith WP, Bleifer DJ. Surfeit and deficit of sodium; a kinetic concept of
sodium excretion. Arch Intern Med. 1958;102(4):527 PubMed -536.

22. Drummer C, Gerzer R, Heer M, et al. Effects of an acute saline infusion on fluid and electrolyte
metabolism in humans. Am. J. Physiol. 1992;262(5 Pt 2):F744-754.

23. Sagnella GA, Markandu ND, Singer DR, MacGregor GA. Kinetics of renal sodium excretion during
changes in dietary sodium intake in man--an exponential process? Clin Exp Hypertens
1990;12(2):171 PubMed -178.

24. Sagnella GA, Markandu ND, Buckley MG, Miller MA, Singer DR, MacGregor GA. Hormonal responses
to gradual changes in dietary sodium intake in humans. Am. J. Physiol. 1989;256(6 Pt 2):R1171-

1175.

25. Black DAK. Salt and Hypertension. Brit J Nutr. 1952;6(1):428 PubMed -432.

26. Epstein M, Hollenberg NK. Age as a determinant of renal sodium conservation in normal man. J Lab
Clin Med. 1976;87(3):411-417.

27. Birukov A, Rakova N, Lerchl K, et al. Ultra-long-term human salt balance studies reveal interrelations
between sodium, potassium, and chloride intake and excretion. Am J Clin Nutr. 2016;104(1):49-57.

28. Rakova N, Juttner K, Dahlmann A, et al. Long-term space flight simulation reveals infradian
rhythmicity in human Na(+) balance. Cell Metab. 2013;17(1):125-131.

29. Weaver CM, Martin BR, McCabe GP, et al. Individual variation in urinary sodium excretion among

adolescent girls on a fixed intake. Journal of Hypertension. 2016;34(7):1290-1297.

30. Titze J. Sodium balance is not just a renal affair. Curr Opin Nephrol Hypertens. 2014;23(2):101-105.

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

32. 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 Estimation of Long-Term
Sodium Intake and Associated Cardiovascular and Renal Risk. Circulation. 2017;136(10):917-926.

33. Sakaki M, Tsuchihashi T, Arakawa K, Fukui H, Kameda W, Tominaga M. Long-term variability of
urinary salt excretion and blood pressure in hypertensive patients. Hypertens Res. 2014;37(10):939-
943.

34. Schachter J, Harper PH, Radin ME, Caggiula AW, McDonald RH, Diven WF. Comparison of sodium and
potassium intake with excretion. Hypertension. 1980;2(5):695-699.

35. Liu L-s, Zheng D-y, Lai S-h, Wang G-q, Zhang Y-I. Variability in 24-hour Urine Sodium Excretion in
Chinese Adults. Chin Med J. 1986;99(5):424-426.

36. 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):529-536.

37. Liu K, Cooper R, Soltero |, Stamler J. Variability in 24-hour urine sodium excretion in children.
Hypertension. 1979;1(6):631-636.

38. Liu K, Cooper R, McKeever J, et al. Assessment of the association between habitual salt intake and

high blood pressure: methodological problems. Am J Epidemiol. 1979;110(2):219-226.

39. Sun Q, Bertrand KA, Franke AA, Rosner B, Curhan GC, Willett WC. Reporoducibility of urinary
biomarkers in multiple 24-h urine samples 1-3. Am J Clin Nutr. 2017;105(1):159-168.

40. 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 — Implications for public health.
Int J Epidemiol. 2018; DOI: 10.1093/ije/dyy114.

41. John KA, Cogswell ME, Campbell NR, et al. Accuracy and Usefulness of Select Methods for Assessing
Complete Collection of 24-Hour Urine: A Systematic Review. J Clin Hypertens. 2016;18(5):456-467.

42. Jakobsen J, Ovesen L, Fagt S, Pedersen AN. Para-aminobenzoic acid used as a marker for
completeness of 24-hour urine: assessment of control limits for a specific HPLC method. EurJ Clin
Nutr. 1997;51(8):514-519.

43, Peng Y, Li W, Wang Y, et al. Validation and Assessment of Three Methods to Estimate 24-h Urinary
Sodium Excretion from Spot Urine Samples in Chinese Adults. PLoSOne. 2016;11(2):e0149655.

44, 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):480-488.

https://mc.manuscriptcentral.com/LongRequest/clhtn?DOWNLOAD=TRUE&PARAMS=xik_2KLFpFuM7vutJE333DZmP1WyGTzFZ5mPe2XXbr... 10/13


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Arch%20Intern%20Med[Journal]%20AND%20102[Volume]%20AND%204[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Clin%20Exp%20Hypertens[Journal]%20AND%2012[Volume]%20AND%202[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Brit%20J%20Nutr[Journal]%20AND%206[Volume]%20AND%201[Page]&doptcmdl=DocSum

4/5/2019 https://mc.manuscriptcentral.com/LongRequest/clhtn?DOWNLOAD=TRUE&PARAMS=xik_2KLFpFuM7vutJE333DZmP1WyGTzFZ5...

45. Pan American Health Organization. Salt Smart Americas. Pan American Health Organization;2013.

46. Cappuccio FP, D'Elia L. Evaluating population salt reduction programmes worldwide: the risk of
cutting corners! Public Health Nutr. 2018;21(12):2161-2163.

47. Uechi K, Asakura K, Ri Y, Masayasu S, Sasaki S. Advantage of multiple spot urine collections for
estimating daily sodium excretion: comparison with two 24-h urine collections as reference. J
Hypertens. 2016;34:204-214 PubMed .

48. Kawasaki T, Itoh K, Uezono K, Sasaki H. A simple method for estimating 24 h urinary sodium and
potassium excretion from second morning voiding urine specimen in adults. Clin Exp Pharmacol
Physiol. 1993;20(1):7-14.

49, Pietinen PI, Findley TW, Clausen ID, Finnerty FA, Jr., Altschul AM. Studies in Community Nutrition:
Estimation of Sodium Output. Prev Med. 1976;5(3):400 PubMed -407.

50. McLean R, Williams S, Mann J. Monitoring population sodium intake using spot urine samples:
validation in a New Zealand population. J Hum Hypertens. 2014;28(11):657 PubMed -662.

51. Bland JM, Altman DG. Statistical Methods for Assessing Agreement Between Two Methods of
Clinical Measurement. Lancet. 1986;1(8476):307 PubMed -310.

52. Mente A, O'Donnell MJ, Dagenais G, et al. 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 Hypertens. 2014;32(5):1005 PubMed -1014.

53. Brown 1J, Tzoulaki I, Candeias V, Elliott P. Salt intakes around the world: implications for public health.
Int J Epidemiol. 2009;38(3):791 PubMed -813.
54. Iwahori T, Ueshima H, Torii S, et al. Four to seven random casual urine specimens are sufficient to

estimate 24-h urinary sodium/potassium ratio in individuals with high blood pressure. ] Hum
Hypertens. 2016;30(5):328 PubMed -334.

55. Iwahori T, Ueshima H, Miyagawa N, et al. Six random specimens of daytime casual urine on different
days are sufficient to estimate daily sodium/potassium ratio in comparison to 7-day 24-h urine
collections. Hypertens Res. 2014;37(8):765 PubMed -771.

56. Fujita T. Mechanism of Salt-Sensitive Hypertension: Focus on Adrenal and Sympathetic Nervous
Systems. J Am Soc Nephrol. 2015;25(6):1148 PubMed -1155.

57. Sterns RH. Disorders of plasma sodium--causes, consequences, and correction. N Engl J Med.
2015;372(1):55 PubMed -65.

58. Zarich S, Fang LS, Diamond JR. Fractional excretion of sodium. Exceptions to its diagnostic value.
Arch Intern Med. 1985;145(1):108-112.
59. Baxmann AC, Ahmed MS, Marques NC, et al. Influence of muscle mass and physical activity on

serum and urinary creatinine and serum cystatin C. Clin J Amer Soc Nephrol. 2008;3(2):348-354.
60. Heymsfield SB, Arteaga C, McManus C, Smith J, Moffitt S. Measurement of muscle mass in humans:
validity of the 24-hour urinary creatinine method. Am J Clin Nutr. 1983;37(3):478-494.
61. Allen NB, Zhao L, Loria CM, et al. The Validity of Predictive Equations to Estimate 24-Hour Sodium
Excretion: The MESA and CARDIA Urinary Sodium Study. Am J Epidemiol. 2017;186(2):149-159.

62. Berrington de Gonzalez A, Hartge P, Cerhan JR, et al. Body-mass index and mortality among 1.46
million white adults. N Engl J Med. 2010;363(23):2211-2219.

63. Srikanthan P, Karlamangla AS. Muscle mass index as a predictor of longevity in older adults. Am J
Med. 2014;127(6):547-553.

64. Tonelli M, Wiebe N, Culleton B, et al. Chronic kidney disease and mortality risk: a systematic review. J

Am Soc Nephrol. 2006;17(7):2034-2047.

65. Aburto NJ, Hanson S, Gutierrez H, Hooper L, Elliott P, Cappuccio FP. Effect of increased potassium
intake on cardiovascular risk factors and disease: systematic review and meta-analyses. BMJ.
2013;346:f1378.

66. Campbell NRC. More on dissidents and dietary sodium. Int J Epidemiol. 2018;48:670-673 PubMed .

67. Wielgosz A, Robinson C, Mao Y, et al. The Impact of Using Different Methods to Assess Completeness
of 24-Hour Urine Collection on Estimating Dietary Sodium. J Clin Hypertens. 2016;18(6):581-584.

68. Kawamura M, Kawasaki T. Clinical application of the second morning urine method for estimating
salt intake in patients with hypertension. Clin Exp Hypertens. 2015;37(2):89 PubMed -96.

69. Arcand J, Wong MM, Trieu K, et al. The Science of Salt: A Regularly Updated Systematic Review of
Salt and Health Outcomes (June and July 2015). J Clin Hypertens. 2016;18(5):371-377.

https://mc.manuscriptcentral.com/LongRequest/clhtn?DOWNLOAD=TRUE&PARAMS=xik_2KLFpFuM7vutJE333DZmP1WyGTzFZ5mPe2XXbr... 11/13


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Hypertens[Journal]%20AND%2034[Volume]%20AND%20204[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Prev%20Med[Journal]%20AND%205[Volume]%20AND%203[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Hum%20Hypertens[Journal]%20AND%2028[Volume]%20AND%2011[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Lancet[Journal]%20AND%201[Volume]%20AND%208476[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Hypertens[Journal]%20AND%2032[Volume]%20AND%205[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Epidemiol[Journal]%20AND%2038[Volume]%20AND%203[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Hum%20Hypertens[Journal]%20AND%2030[Volume]%20AND%205[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Hypertens%20Res[Journal]%20AND%2037[Volume]%20AND%208[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Nephrol[Journal]%20AND%2025[Volume]%20AND%206[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=N%20Engl%20J%20Med[Journal]%20AND%20372[Volume]%20AND%201[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Int%20J%20Epidemiol[Journal]%20AND%2048[Volume]%20AND%20670[Page]&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Hypertens[Journal]%20AND%2037[Volume]%20AND%202[Page]&doptcmdl=DocSum

4/5/2019 https://mc.manuscriptcentral.com/LongRequest/clhtn?DOWNLOAD=TRUE&PARAMS=xik_2KLFpFuM7vutJE333DZmP1WyGTzFZ5...

70. Johnson C, Raj TS, Trieu K, et al. The Science of Salt: A Systematic Review of Quality Clinical Salt
Outcome Studies June 2014 to May 2015. J Clin Hypertens. 2016;18(9):832-839.

71. Arcand J, Wong MMY, Santos JA, et al. More evidene that salt increases blood pressure and risk of
kidney disease from the Science of Salt: A regularly updated systematic review of salt and health
outcomes (April-July 2016). J Clin Hypertens. 2017;19(8):813-823.

72. Johnson C, Raj TS, Trudeau L, et al. The science of salt: a systematic review of clinical salt studies
2013 to 2014. J Clin Hypertens. 2015;17(5):401-411.

73. Wong MM, Arcand J, Leung AA, et al. The Science of Salt: A Regularly Updated Systematic Review of
Salt and Health Outcomes (August to November 2015). J Clin Hypertens. 2016;18(10):1054-1062.

74. Wong MM, Arcand J, Leung AA, Thout SR, Campbell NR, Webster J. The science of salt: A regularly
updated systematic review of salt and health outcomes (December 2015-March 2016). J Clin
Hypertens. 2017;19(3):322-332.

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

76. 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.

77. Mente A, O'Donnell M, Rangarajan S, et al. Associations of urinary sodium excretion with
cardiovascular events in individuals with and without hypertension: a pooled analysis of data from
four studies. Lancet. 2016;388(10043):465-475.

78. Graudal N, Jurgens G, Baslund B, Alderman MH. Compared with usual sodium intake, low- and
excessive-sodium diets are associated with increased mortality: a meta-analysis. Am J Hypertens.
2014;27(9):1129-1137.

79. O'Donnell M, Mente A, Rangarajan S, et al. Urinary sodium and potassium excretion, mortality, and
cardiovascular events. N Engl J Med. 2014;371(7):612-623.
80. Mozaffarian D, Fahimi S, Singh GM, et al. Global sodium consumption and death from cardiovascular

causes. N Engl J Med. 2014;371(7):624-634.

81. Lucko A, Doktorchik CTA, Campbell NRC. Impact of quality of research on patient outcomes in the
Institute of Medicine 2013 report on dietary sodium. J Clin Hypertens. 2018.

82. He FJ, Ivkovic V, Jelakovic B, Morris J, MacGregor GA. Estimation 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):884-886.

Table 1: | British and Irish Hypertension Society

Chinese Regional Office of the World Hypertension League
George Institute for Global Health

Hypertension Canada

International Society of Hypertension

International Society of Nephrology

RESOLVE to save lives

WHO Collaborating Centre on Population Salt Reduction

WHO Collaborating Centre on Nutrition Policy for Chronic Disease Prevention

World Hypertension League

Organizations that support the TRUE Consortium position

* the TRUE Consortium is an abbreviation for ‘inTernational consoRtium for qUality resEarch on dietary
sodium/sodium’. The World Health Organization is an observing member. The organizations that have
independently supported this position are listed.

Table 2: Recommendations for estimating usual dietary sodium using urinary excretion of sodium
Setting Recommendation
Current average population intake Single 24-hour urine collection in randomly
selected individuals over a series of days that
reflect the usual population dietary pattern
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Current annual population intake

Single 24-hour urine collection in randomly
selected individuals over a series of days that
reflect the usual population dietary pattern over a
year

Individuals current usual intake

At least 3 non-consecutive 24-hour urine
collections collected over a series of days that
reflect the usual short-term variations in dietary
pattern (e.g. weekday vs weekend day, usual daily
variation in sodium intake)

Individuals long-term usual intake

Multiple 24-hour urine collections over the
duration of the long-term study

Note: 24-hour urine sodium collections represent approximately 93% of the sodium ingested.
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