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Spot urine samples with estimating equations have been
used to assess individuals’ sodium (salt) intake in
association with health outcomes. There is large random
and systematic error in estimating sodium intake using this
method and spurious health outcome associations.
Substantial controversy has resulted from false claims the
method is valid. Hence, the World Hypertension League,
International Society of Hypertension and Resolve to Save
Lives, supported by 21 other health organizations, have
issued this policy statement that strongly recommends that
research using spot urine samples with estimating
equations to assess individuals’ sodium (salt) intake in
association with health outcomes should not be
conducted, funded or published. Literature reviews on the
health impacts of reducing dietary sodium that include
studies that have used spot and short duration timed urine
samples with estimating equations need to explicitly
acknowledge that the method is not recommended to be
used and is associated with spurious health outcome
associations.
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EVIDENCE SUPPORTING DIETARY
SODIUM (SALT) REDUCTION

educing dietary sodium is estimated to be one of the
R most effective interventions to improve population
health and is also one of the most cost-effective
population health interventions [1-4]. Extensive scientific
evidence reviewed for international and national dietary
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recommendations, consistently support dietary sodium
reductions to less than 2400 mg/day [5]. The WHO recom-
mends reducing dietary sodium to less than 2000 mg/day in
adults [0]. A meta-analysis of three randomized controlled
trials (including posttrial follow-up) reported that reducing
dietary sodium from an average intake of approximately
3650—2700 mg/day, was associated with a 26% decrease in
cardiovascular disease (CVD) [7]. There was a linear asso-
ciation between sodium intake (2300—4100 mg/day) and
CVD [7]. Similarly, a meta-analysis of cohort studies in
healthy populations, which defined sodium intake using
multiple 24-h urine samples (the current recommended
standard to assess usual intake) showed a linear association
between sodium intake (1846—5230 mg/day) and CVD [8].
An 18-27% CVD decline per 1000 mg decrease in sodium
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was reported in the cohort [8] and randomized controlled
trials, respectively [7]. Dietary sodium reductions are con-
sistent with decreasing CVD by reducing blood pressure
[9,10]. Meta analyses of randomized controlled trials show
blood pressure-lowering effect with dietary sodium intake
as low as 800 mg/day [10]. Sodium reduction meta-analyses
do not define a lower sodium intake threshold that
decreases CVD or blood pressure.

ASSESSING DIETARY SODIUM

One of the more difficult aspects of clinical research on
dietary sodium is accurate assessment of average levels of
intake in individuals. The sodium content of different
processed foods is highly variable, as is the quantity of
sodium added during cooking and at the table [11]. Diets
also include a wide and changing variety and quantity of
foods. Sodium content of food samples that are eaten can
be measured along with the weight of the food ingested to
provide an accurate estimate of intake, but this method of
assessment is expensive and labor-intensive. Hence, it is
rarely used outside of carefully conducted metabolic stud-
ies [11]. Dietary surveys that are based on a recall of food
intake or use of a food frequency questionnaire are widely
employed in research and can provide estimates of sodium
intake based on the amounts and types of food eaten and
database estimates of their sodium content [11]. Systematic
reviews indicate these food survey techniques do not
provide a valid estimate of an individual’s sodium intake
because of errors in recalling the types and amount of food
eaten, limitations of the database estimates for sodium
content of foods consumed and lack of an accurate estimate
of sodium added during the preparation and cooking of
food and use of salt at the table [12,13]. Over 24-h, on
average 93% of ingested sodium is excreted in urine, with
the average sodium excretion being subject to cyclic var-
iations in aldosterone excretion, with the caveat that it takes
several days to reach steady-state excretion of sodium
following substantive changes to usual sodium intake
[14-17]. A series of complete 24-h urine samples taken
on nonconsecutive days to represent usual variation in
sodium intake is currently recommended to assess individ-
ual sodium intake [18].

SPOT AND SHORT DURATION-TIMED
URINE SAMPLES TO ASSESS DIETARY
SODIUM

Most sodium is excreted within hours of ingestion hence
short-term urine sodium excretion largely reflects the sodi-
um content of recently ingested foods and does not account
for long-term dietary sodium ingestion [18,19]. Sodium
excretion is also regulated by factors other than diet,
including hydration status, body position (standing vs.
recumbent), time of day, common substances with natri-
uretic or diuretic action (e.g. caffeine), neurohormonal
activation (e.g. early morning rises in adrenaline), and
cyclic changes in aldosterone [18,20]. Excretion is also
influenced by several common diseases (e.g. cardiac and
renal disease) and drug treatments (e.g. diuretics) [18,20].
Spot and short duration-timed urine samples are impacted
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by both dietary and nondietary sources of variation in
sodium excretion.

VALIDATION STUDIES OF SPOT AND
SHORT DURATION TIMED URINE
SAMPLES

Validation studies repeatedly demonstrated that spot and
short duration timed urine samples with estimating equa-
tions have both large systematic and random errors in
relation to the sodium content in 24-h urine collections
[18,21-24]. The degree of systematic error changes with the
level of measured 24-h urine sodium. There is increasing
error with higher and lower than average sodium intake
[18,21-24]. Further, spot urine sample estimates of 24-h
urinary sodium excretion are not reproducible within indi-
viduals [18,21-23,25,26]. Some investigators have falsely
claimed spot samples provide a valid estimate of an indi-
vidual’s sodium intake but these claims have been based on
validation studies that peers have deemed to be methodo-
logically flawed, to have employed inappropriate statistical
methods and incomplete analyses [23,27].

DISEASE ASSOCIATIONS WITH SPOT
AND SHORT DURATION-TIMED URINE
SAMPLES

Several studies that employed spot urine sample estimates
of sodium intake have reported J* curves with cardiovas-
cular disease or total mortality [28]. Many of these studies
have used estimating formulae to convert the sodium
concentration in the spot or short duration urine sample
to an estimate of 24-h urine sodium. The conversion for-
mulae employ risk factors, such as age, gender, BMI, urine
creatinine (which is closely correlated with muscle mass)
that are known to be strongly related to CVD and mortality,
and some add urine potassium. When formulae used to
convert spot urine sodium concentrations to estimate 24-h
urine sodium were used in place of multiple 24-h measured
urine sodium, the linear association for sodium intake with
total mortality was changed to a J curve [29,30]. In a separate
study, when formulae used to convert spot urine sodium
concentrations to estimate 24-h urine sodium was
employed instead of multiple 24-h urine sodium measure-
ments, the linear association for sodium intake with blood
pressure was also changed to a curve [31]. Further, the
formulae had associations with blood pressure and mortal-
ity when a constant sodium value was entered into the
equations [30,31]. Hence, the formulae are a source of
spurious associations with disease outcomes that are inde-
pendent of dietary sodium.

'CONTROVERSY' ABOUT REDUCING
DIETARY SODIUM

Although national and international scientific organization-
al reviews and dietary recommendations consistently en-
dorse sodium reduction, there is an aura of controversy
about reducing dietary sodium. Specifically, it has been
suggested that lowering dietary sodium below 3000 mg/day
may increase CVD [28]. One major source of the controversy
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has been identified as low-quality research prone to spuri-
ous findings [7,23,32—37]. Although there are many meth-
odological issues that can cause spurious findings, one
prominent source that can be addressed is the inaccurate
assessment of dietary sodium consumption [18,37-39].
In an effort to reduce controversy related to low-quality
research, this World Hypertension League, International
Society of Hypertension and Resolve to Save Lives state-
ment calls on scientific journals to stop publishing manu-
scripts with findings based on associations of disease when
dietary sodium has been assessed using spot urine or short
duration-timed urine samples and for funding agencies to
stop funding such research.

SCIENTIFIC POSITIONS

Major health and scientific organizations have strongly
recommended against using spot and short duration-timed
urine collections to estimate sodium intake in individuals
[18,39]. These organizations include the British and Irish
Hypertension Society, Chinese Regional Office of the World
Hypertension League, George Institute for Global Health,
Hypertension Canada, International Council of Cardiovas-
cular Prevention and Rehabilitation, 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, the World Hyper-
tension League and the European Salt Network [18,39].

RECOMMENDATION

The World Hypertension League, International Society of
Hypertension, and Resolve to Save Lives strongly recom-
mend that researchers not use spot urine samples with
estimating equations to assess an individual’s sodium (salt)
intake in association with health outcomes. We also rec-
ommend funding agencies to not support studies that assess
individuals’ dietary sodium excretion using spot and short
duration-timed urine samples with estimating equations in
association with health outcomes. Only the recommended
method of assessing sodium intake should be funded (i.e.
multiple carefully collected complete 24-h urine samples)
in these types of studies. Journals and peer reviewers
should only publish studies that use recommended meth-
ods of assessing an individual’s usual sodium intake in
association with disease outcomes. Manuscripts reviewing
the literature on the health impacts of reducing dietary
sodium that include studies that have used spot and short
duration-timed urine samples with estimating equations to
assess individual sodium intake in association with health
outcomes need to fully acknowledge the limitations of this
method (i.e. that the method is recommended not to be
used and that it is associated with spurious associations).
There is an ongoing need to establish more feasible and
accurate methods to estimate sodium intake in individuals.

CONCLUSION

Dietary sodium estimates from spot and short duration-
timed urine collections that use estimating equations
have large systematic and random error and so are not
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reproducible. There is little scientific rationale to support
such short-term urine collections predicting long-term
sodium intake. Consistent evidence indicates spot samples
with estimating equations are not a valid method of assess-
ing an individual’s sodium intake, cause spurious associa-
tions with disease, and major scientific and health
organizations have recommended against their use to as-
sess individual sodium intake and the association of intake
to disease outcomes.
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