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Abstract

Background: Estimating equations based on spot urine samples have been identified as
a possible alternative approach to 24-h urine collections for determining mean popula-
tion salt intake. This review compares estimates of mean population salt intake based
upon spot and 24-h urine samples.

Methods: We systematically searched for all studies that reported estimates of daily salt
intake based upon both spot and 24-h urine samples for the same population. The associ-
ations between the two were quantified and compared overall and in subsets of studies.
Results: A total of 538 records were identified, 108 were assessed as full text and 29 were
included. The included studies involved 10 414 participants from 34 countries and made
71 comparisons available for the primary analysis. Overall average population salt intake
estimated from 24-h urine samples was 9.3 g/day compared with 9.0 g/day estimated
from the spot urine samples. Estimates based upon spot urine samples had excellent
sensitivity (97%) and specificity (100%) at classifying mean population salt intake as
above or below the World Health Organization maximum target of 5g/day. Compared
with the 24-h samples, estimates based upon spot urine overestimated intake at lower
levels of consumption and underestimated intake at higher levels of consumption.
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Conclusions: Estimates of mean population salt intake based upon spot urine samples
can provide countries with a good indication of mean population salt intake and whether

action on salt consumption is required.

Key words: Sodium, salt intake, 24-h urine collection, spot urine collection

Key messages

intake.

itional insight.

¢ Collection of spot urine samples is a plausible alternative to 24-h urine collection for estimating population salt

¢ Parallel collection of 24-h urine samples in a subset of spot urine samples collection will be valuable, especially for
defining the potential to use spot urine samples to track changes in salt intake over time.
* Compiling and analysing individual participant datasets from completed studies would likely provide valuable add-

Background

The totality of the available evidence suggests that excess in-
take of salt contributes to a large proportion of deaths from
cardiovascular diseases™ and that reductions in population
salt intake have the potential to deliver large population
health gains at low cost.> The World Health Organization
(WHO) has identified 5 g/day as a maximum target for daily
salt intake.* Further, in response to the 2011 United
Nations high-level meeting on the prevention and control of
non-communicable diseases, the WHO has recommended
that all Member States reduce population salt intake by
30% by 2025.° For a country to address these objectives re-
quires an estimate of mean national salt intake and, in
December 2013, the WHO incorporated measurement of
mean population salt intake as an element of the WHO
STEPwise approach to Surveillance (STEPS) protocol.®

The standard approach to measuring the mean salt in-
take of a population has been the collection of 24-h urine
samples on a subset of individuals.” However, this method
is costly and confers a significant participant burden which
usually results in a low participation rate.® Estimates based
upon 24-h urine samples are also not an exact measure of
salt intake because some sodium is excreted through non-
urinary routes’ and some dietary sodium derives from
sources other than salt. A number of Member States have
indicated to the WHO that large-scale repeated 24-h urine
collections are impractical.'® Equations that use spot urine
samples to estimate population salt intake have
been explored as a possible alternative in a number of stud-
ies.""™'%. Spot urine samples have the advantage that they
are easier and cheaper to collect, and this method has been
used to replace 24-h urine collections to estimate exposure

19,20

to pesticides and also to assess dietary iodine intake.”!

The key weakness is that urinary sodium excretion is known

to vary throughout the day®> and the use of spot urine sam-
ples may introduce additional random and systematic
errors.

It is important to note that the current standard ap-
proach based upon a single 24-h urine collection is by no
means a ‘gold standard’ method for estimating salt intake,
because some salt is excreted through faeces and sweat’
and under-collection of urine is commonly reported.”?
Furthermore, salt intake and excretion are known to vary
from day to day as well as throughout the day, and mul-
tiple 24-h urine collections are required to estimate an indi-
vidual’s true usual salt consumption.”*

The objective of this systematic review was to quantify
the differences in the estimates of mean population salt in-
take obtained using 24-h compared with spot urine sam-
ples and to identify factors influencing the validity of the
estimates obtained using spot urine samples.

Methods

Search strategy

The electronic databases MEDLINE, PreMEDLINE,
EMBASE, GLOBAL HEALTH and the COCHRANE
LIBRARY were searched using applicable terms (Appendix
A, available as Supplementary data at IJE online) in June
2015. A keyword search was also conducted in the China
National Knowledge Infrastructure (CNKI) database. Two
authors (L.H. and M.C.) independently screened all titles and
abstracts identified by these searches, and potentially eligible
articles were obtained in full text. These full-text papers were
then reviewed by both authors (except two published in
Chinese that were only reviewed by L.H.) to determine eligi-
bility, with disagreements settled by discussion between the
two. Hand searches of the reference lists of included studies
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were then done and enquiries were made with academic col-
leagues working in the field to identify any other studies with
data.

Study inclusion criteria

Studies were eligible for inclusion if they were done in
adult humans, were available in full text and reported esti-
mated mean population salt intake derived both from 24-h
and spot urine samples. In addition, a standard deviation
(SD) about each intake estimate had to be available or able
to be estimated. There were no restrictions on language,
study sample size or characteristics of the study popula-
tion. Studies that provided only a correlation coefficient
between salt intake estimates for individuals derived from
24-h and spot urine samples were not included, as these
data did not enable the study objectives to be addressed.
Studies were, however, included in the absence of explicit
reporting of daily salt intake from spot urine samples so
long as estimates could be obtained using data reported in
the paper.'®*~*! Studies that collected urine samples over
multiple days were included with the average value based

upon all available estimates used for the analyses.>*=3337:4!

Data extraction

Standard data were extracted independently and in duplicate
to a spreadsheet (Appendix Table 3, available as
Supplementary data at IJE online). The data included first au-
thor, year of publication, population studied, population
characteristics, mean age / age range, proportion female, sam-
ple size, spot urine sample collection details (including sample
timing where available), whether spot urine was part of (or
separate from) the 24-h urine collection, the equation(s) used
to estimate 24-h salt excretion from the spot urine sample
(INTERSALT,"" TANAKA," KAWASAKIL"? by rate or by
concentration) and the mean population salt intake estimates
(with measures of SD) obtained from the 24-h and spot urine
samples. Where available, data were also extracted separately
for men and women. Where data were only reported separ-
ately for participant subsets, these were pooled to obtain
summary estimates for the entire population for the primary
analysis. Countries were defined as ‘developed’ or ‘develop-
ing’ based on World Bank classifications.**

Data were extracted from 29 studies. The estimates
derived from the 24-h urine samples were all based upon
24-h urine collections for which the sodium concentration
of the urine was known along with the volume. By con-
trast, the estimates made from the spot urine samples were
derived in multiple different ways. One or more of three
previously reported equations (INTERSALT,'!!'8:43-%¢
TANAKA 14747 and KAWASAKI'®*3*7) were used to

impute mean daily salt intake based on the spot urine so-
dium concentration for multiple studies. For studies where
no equation had been employed, we used other methods to
estimate the mean population daily salt intake based upon
the spot urine data. For 12 studies there was a measure of
the mean sodium excretion in spot urine collections of
known mean duration or there was a measure of hourly so-
dium excretion rate determined from a 24-h urine sample
and from a spot urine sample. For these studies, an esti-
mate of daily salt intake was obtained from the spot urine
samples by inflating the excretion values to a 24-h equiva-

2573539 (henceforth described as estimation ‘by rate’).

lent
For six other studies an estimate of the mean concentration
of sodium in a spot urine sample was available along with
the 24-h urine volume. For these studies, a mean daily salt
intake estimate was obtained by multiplying the mean con-
centration of sodium in the spot urine by the mean 24-h

36-38:40.41 (henceforth described as estimation

urine volume
by concentration). Salt consumption data were expressed
in grams of salt (sodium chloride) using the following con-
versions: 1 mmol Na=1 mEq Na=23mg Na, and 1g

Na=2.54¢g NaCl.

Outcomes

The primary outcomes were the sensitivity and specificity
of spot urine compared with 24-h urine samples in estimat-
ing population salt intake as above or below the
WHO maximum target of 5g/day, along with the differ-
ences between the mean daily salt intake estimates derived
from the 24-h and spot urine samples overall and for data
subsets.

Statistical analysis

Several studies reported comparisons for multiple popula-
tion groups and many reported multiple comparisons using
the same set of data subdivided into different parts, or
using different equations, to explore various aspects of the
estimation process. Care was taken to ensure that a given
analysis in this overview included each piece of data
only once, although separate analyses addressing different
questions might use the same data again. For studies
that reported intake estimates from spot urine samples
using multiple different equations, the primary analyses
used the estimates based upon INTERSALT,!
TANAKA,", by KAWASAKI,'? by rate or by concentra-
tion, in that order of preference. Estimates for subgroups
were reported where at least five data points were
available.

The capacity of population estimates based upon spot
urine samples to correctly classify the mean salt intake of a
population as above or below the 5 g/day WHO maximum
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target (as defined by the measures based on the 24-h

samples) was assessed by calculating the sensitivity

Saltgpor > Sg/day

Salt24h0ur > Sg/day

Sa1t24hour > Sg/ddy

and specificity

The difference between the methods was assessed using
the mean of the within-person differences in salt excretion
estimated from the spot urine and the salt excretion measured
by the 24-h urine. If not reported, the SD was calculated from
the standard error (SE), imputed using reported percentiles

Saltepor < Sg/day

Salt24hour < Sg/day

Additional records
identified through hand
search of references and
recommendations from

colleagues
(n=50)

Records identified through
database searching
(n=488)

Salt24hour < Sg/ddy

\ 4

Records screened by
title and abstract
(n=430)

\ 4

Duplicates removed (» = 107)

VL

Potentially eligible
articles (168)

4

Ineligible abstracts excluded (7 = 262)

Full text not available (60)

A

y

(1 = u) sarpms paystjqndun

Full-text articles assessed
for eligibility

(n=

108)

A

y

A 4

Full-text articles excluded (n = 80)

e Nodata (n=159)

e Spot urine and 24-h urine collected from

different groups (n = 3)
e Duplicate (n=9)
e Review paper (n =3)
e Notrelevant (n = 6)

Full-text paper included (n = 28)

Unpublished data (n = 1)

Figure 1. Flow diagram.
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Table 1. Characteristics of included studies and the 71 pairs of estimates of salt intake based on 24-h and spot urine samples

used for the primary analysis

First author, year Population studied =~ Agerange  Sample Proportion Equations used Mean salt intake Mean salt intake
or mean age size female to estimate 24-h salt estimated from  estimated from
(years) from spot urine® 24-h urine (SD)  spot urine (SD)
Bankir L 2008 Seychelles 46+12 325 45% Arithmetic® 6.0 (3.1) 8.8 (3.1)
Brown 12013 Belgium, Charleroi ~ 20-59 76 49% INTERSALT 8.0 (2.0) 9.0 (2.0)
Belgium, Ghent 20-59 96 50% INTERSALT 8.3 (2.1) 8.8 (1.8)
Denmark, Glostrup ~ 20-59 96 50% INTERSALT 8.1(2.3) 8.6 (2.1)
Finland, Joensuu 20-59 96 50% INTERSALT 10.0 (2.4) 9.5(2.1)
Finland, Turku 20-59 96 50% INTERSALT 9.1(2.3) 9.0 (1.8)
Germany, Bernried 20-59 95 49% INTERSALT 10.2 (2.5) 9.2 (2.0)
Germany, Cottbus 20-59 96 50% INTERSALT 8.5(2.7) 9.5(2.0)
Germany, 20-59 95 51% INTERSALT 10.3 (2.5) 8.9 (2.0)
Heidelberg
Hungary, Porcsalma  20-59 96 50% INTERSALT 11.5(3.7) 11.3(2.5)
Iceland, Reykjavik 20-59 96 50% INTERSALT 7.8 (1.9) 8.6 (1.9)
Italy, Bassiano 20-59 95 51% INTERSALT 10.9 (2.5) 11.5(2.0)
Italy, Gubbio 20-59 96 50% INTERSALT 10.3 (2.3) 10.3 (1.9)
Italy, Mirano 20-59 96 50% INTERSALT 10.0 (2.2) 9.8 (1.9)
Italy, Naples 20-59 96 50% INTERSALT 9.5(1.9) 9.9 (1.8)
Malta, Dingli 20-59 96 50% INTERSALT 10.1 (2.4) 10.1 (2.1)
Netherlands, 20-59 96 50% INTERSALT 8.9 (2.3) 8.4 (2.0)
Zutphen
Poland, Krakow 20-59 96 50% INTERSALT 11.6 (3.5) 11.2 (2.4)
Poland, Warsaw 20-59 96 50% INTERSALT 11.2 (3.6) 10.5 (2.6)
Portugal, Cartaxo 20-59 97 51% INTERSALT 10.4 (3.0) 10.3 (2.0)
Russia, Moscow 20-59 95 49% INTERSALT 9.3 (2.2) 10.2 (2.2)
Spain, Manresa 20-59 96 50% INTERSALT 10.7 (2.7) 10.0 (2.2)
Spain, Torrejon 20-59 96 50% INTERSALT 10.2 (2.5) 10.2 (2.1)
UK, Belfast 20-59 96 50% INTERSALT 8.9 (2.0) 8.4 (1.9)
UK, Birmingham 20-59 96 50% INTERSALT 9.2 (1.7) 8.9 (1.5)
UK, South Wales 20-59 96 50% INTERSALT 9.2 (2.5) 9.2 (2.0)
USA, Chicago 20-59 95 51% INTERSALT 8.2 (2.6) 8.4 (2.0)
USA, Hawaii 20-59 89 49% INTERSALT 8.5 (2.4) 9.3(2.4)
USA, Jackson 20-59 88 55% INTERSALT 8.3 (3.1) 8.5(2.2)
(Black)
USA, Jackson 20-59 96 50% INTERSALT 8.4 (2.3) 8.0 (2.0)
(White)
Cogswell M 2013 USA , Washington 18-39 196 55% INTERSALT 8.5(3.7) 7.9 (2.1)
DC (Black)
USA, Washington 18-39 210 54% INTERSALT 8.3 (3.4) 7.5(1.9)
DC
(Other races)
Ding J 1983 China, Beijing 30-50 20 0% Arithmetic? 12.9 (2.7) 10.7 (2.8)
Dyer A 1987 USA, Chicago, 41-80 107 37% Arithmetic? 7.6 (3.7) 8.0 (4.0)
Minneapolis
Dyer A 1987 USA 27-64 120 0% Arithmetic? 9.8(3.2) 9.1(4.7)
Han W 2015 China, Beijing 58.4+14.5 222 55% TANAKA 8.6 (3.6) 10.4 (3.4)
He ] 1993 China, Liangshan 19-55 30 0% Arithmetic® 7.7 (4.3) 6.9 (4.3)
(Rural)
China, Liangshan 19-55 33 0% Arithmetic® 10.4 (4.5) 8.4 (4.5)
(Urban)
Iwahori, T 2014 Japan, Osaka and 39.9 48 48% Arithmetic® 11.0 (5.3) 11.9 (6.1)

Kyoto

(Continued)
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Table 1 Continued

First author, year Population studied Agerange  Sample Proportion Equations used Mean salt intake Mean salt intake
or mean age size female to estimate 24-h salt estimated from  estimated from
(years) from spot urine® 24-h urine (SD)  spot urine (SD)
Jeffery P 2013 Australia (NSW, 20-88 381 56% INTERSALT 8.5 (3.95) 8.4 (2.5)
Victoria) 20-88 291 54% INTERSALT 8.1(3.4) 7.9 (2.2)
20-88 276 56% INTERSALT 7.9 (3.3) 7.9 (2.1)
JiC2013 Britain (White) S1 297 56% TANAKA 8.8 (1.4) 8.8 (1.4)
Britain (African 52 326 62% TANAKA 9.1(0.8) 9.1(0.7)
Origin)
Britain (South 50 292 47% TANAKA 8.6 (1.0) 8.6 (1.1)
Asians)
Kang § 2012 Korea, Seoul 56+14 305 49% Arithmetic® 9.9 (4.6) 10.3 (4.6)
Kara P 2013 Turkey, Van 49+5 21 71% Arithmetic” 12.4 (6.2) 10.5 (5.9)
(normotensive)
Turkey, Van 56+8 21 76% Arithmetic® 10.7 (4.0) 11.1(7.1)
(hypertensive)
LiuL 1986 China, Beijing 30-50 49 0% Arithmetic® 14.3 (5.6) 12.1 (5.6)
LiuL 1987 China, Beijing 27-50 50 0% Arithmetic® 14.7 (4.1) 13.6 (3.9)
Luft F 1983 USA, Indiana 22-62 8 33% Arithmetic” 3.4 (0.4) 1.8 (0.1)
8 Arithmetic® 6.4(0.5) 3.8(0.1)
8 Arithmetic® 10.5 (0.6) 5.5(0.3)
Luft F 1982 USA, (White) 19-54 22 40% Arithmetic® 8.2 (0.9) 5.2(0.8)
USA, (Black) 21 Arithmetic® 8.1 (1.5) 4.8(0.7)
Luft F 1982 USA, Indiana 19-32 *g 0% Arithmetic® 3.1(3.0) 1.4 (3.0)
*g 0% Arithmetic® 10.2 (3.5) 5.4 (3.5)
*g 0% Arithmetic® 18.7(5.3) 10.8 (5.3)
Mann S 2010 USA, New York >21 36 2% Arithmetic? 9.4 (3.9) 10.6 (9.6)
45 Arithmetic? 9.2 (5.4) 9.6 (8.3)
McLean R 2014 New Zealand, 18-64 98 69% INTERSALT 8.8 (4.1) 7.4 (1.8)
Dunedin
Mente A 2014 India, China, 56.6+9.4 1083 58% INTERSALT 10.5 (5.0) 8.3(2.2)
Colombia,
Argentina, Brazil,
Malaysia, South
Africa, Turkey,
Canada, Sweden,
United Arab
Emirates
Mill J 2012 Brazil 30-74 109 54% Arithmetic” 12 (4.1) 11.3 (4.9)
Pan W H 1994 China, Taiwan 24 30 48% Arithmetic” 8.8 (3.0) 8.1(3.5)
Rhee M-Y 2014 Korea S1=11 224 60% INTERSALT 9.7 (3.8) 7.7 (1.8)
Subramanian S 2013  Singapore 53.5+15.2 333 49% Arithmetic® 7.3 (4.0) 7.1(4.6)
Toft U 2013 Denmark 28-74 473 78% TANAKA 8.8 (5.5) 9.1 (2.6)
TANAKA T 2002  Japan, Tochigi, 20-69 336 17% TANAKA 10.4 (3.5) 9.0 (1.9)
Osaka,
Toyama
Wolf J 1984 France 20-68 60 50% Arithmetic? 8.3 (3.0) 11.0 (5.1)
91 33% Arithmetic® 8.6 (4.3) 18.6 (9.1)
Enkhtungalag B Mongolia, 25-64 1027 55% INTERSALT 11.1(5.9) 10.0 (2.0)
unpublished Ulaanbaatar

2Sodium concentration in spot urine*urine excretion rate in 24-h urine*24 h (grouped as using sodium concentration in spot urine*24 urine volume).

bSodium excretion in spot urine / spot urine collection duration*24 h (grouped as sodium excretion rate in spot urine*24 h).

“Sodium concentration in spot urine*24-h sodium volume.

‘JSpot urine Na concentration / spot urine creatinine concentration*24-h creatinine content (grouped as sodium concentration in spot urine*24 urine volume).

Several methods of estimating 24-h salt intake from spot urine samples were reported in the primary paper for some studies, but only the method used in the
primary analysis is listed here.

*Method was unclear in the paper; equal number of participants was assumed in each level of salt intake.
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and assuming a standard normal distribution (for one study®),
or by using the SD reported for the estimates from the 24-h
samples for the estimates from the spot urine samples (for five

29,33,36—38)

studies . The within-person variance in measured ver-

sus estimated differences (SD*2) was calculated as:*®

2 2
(SDmeasmed 24 hour salt excretion) + (SDspat urine estimated salt excrezion)

_ 2 2
[2 (7) \/SDmeasmed 24 hour salt excretion SDs[mt urine estimated salt exzvetionJ

r is the reported within-person correlation between the
measured and estimated (from spot urine) salt excretion
for each study and, if » was not available, it was imputed
as 0.71 (the median of » among studies that reported this
value).

Pooled summary estimates (salt excretion measured by
24-h urine, salt excretion estimated from spot urine and the
difference between them) were calculated
using DerSimonian and Laird inverse-variance weighted,
random effects meta-analysis.*’ For these analyses, the vari-
ance (SE) of each study was calculated as SE =square
root(SD*/n). Random effects meta-regression was used to
explore whether salt intake estimates were influenced by a
series of pre-specified factors, with statistical significance as-
sessed using permutation tests.’” These factors comprised
sex, the (INTERSALT/TANAKA/
KAWASAKI / by concentration / by rate), timing of spot

urine collection (morning/evening/overnight/daytime/spot),

equation  used

ethnicity (Non-Asian countries / Asian countries), economic
development (developed countries / developing countries)

and whether the spot urine was a part of the 24-h urine sam-
ple (part/separate). Using meta-regression, we also assessed
if the difference between measurement methods varied ac-
cording to the level of salt excretion defined by the 24-h
urine collection. All analyses were done using statistical
package Stata V13.0. P-values less than 0.05 were deemed
to indicate results that had likely not arisen by chance alone.

Results

The search identified 538 records, of which 168 were con-
sidered potentially eligible and 108 were reviewed in full text
(Figure 1). Ultimately, data from 28 published reports were
included' 1 *18-24143447 4long with data from one unpub-
lished study.”! These studies included 10414 participants re-
cruited from 34 different countries reported between the
years 1982 and 2015 (Appendix Table 3). Twelve of the stud-
ies were from European and North American countries;
twelve from Asian countries; and one from each of the fol-
lowing countries: Australia, New Zealand, Brazil and the
Seychelles Islands; and one with mixed populations.
Participants ranged in age from 18 to 88 years, and 50%
were female and made 71 comparisons available for primary
analysis. The estimates included in the primary analysis
derived from spot urine samples were variously made using
the INTERSALT (38) and TANAKA (6) equations with a
further 27 comparisons based upon a simple arithmetical
method for estimation from the spot urine sample (Table 1).
Overall, the mean salt intake was 9.3 g/day [95% confidence
interval (CI): 9.0, 9.7) based upon the 24-h urine samples,

20

18+

-
[e)]
1

- N
N »
1 1

Spot urine estimate (g/day)
S

Sensitivity = 97%
Specificity = 100%

0 2 4 6 8

1 1
10 12 14 16 18 20

24 hour measured (g/day)

Figure 2. Comparison of mean population salt intake estimates based upon 24-h and spot urine samples and their capacity to classify salt intake
above or below the WHO recommended maximum target (5 g/day) for 71 comparisons — vertical and horizontal lines are placed at 5 g/day intake level
based upon measured daily salt intake using 24 hour collection and estimated daily salt intake using spot urine. The diagonal is the line of unity for

measured and estimated daily salt intake.
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and 9.0 g/day (95% CI: 8.2, 9.7) based upon the spot urine
samples.

Capacity for estimates based upon spot urine
samples to classify mean population salt intake as
above or below the 5 g/day WHO maximum
recommended intake level

Estimates of mean population salt intake based upon spot
urine samples were comparable to estimates based upon
24-h urine samples for the classification of mean popula-
tion salt intake levels as above or below the WHO action
point of 5g/day. If the mean from 24-h urine samples is
treated as an acceptable gold standard, then the estimates
based upon the spot urine samples provided sensitivity of
97% and specificity of 100% for the 5g/day threshold
(Figure 2). This means that 97% of all populations with a
true intake level above 5 g/day were identified by the meth-
ods based upon spot urine samples, and that all popula-
tions defined by spot urine samples as having an intake
level above 5 g/day truly did. For just two of the 71 popula-
tions, the estimates based upon spot urine samples underes-
timated the true intake level such that the population was
incorrectly classified as being below the 5 g/day cut point.
Overall comparison of salt intake estimates was based on
24-h and spot urine samples.

The difference in estimated mean intake between spot and
24-h methods varied across intake levels defined by the 24-h
sample with a non-zero slope (f=-0.28, 95% CI: -0.50, -
0.06; P=0.013) (Figure 3). In a sensitivity analysis, a single
outlier’” was excluded without making any material change
to the results. Compared with estimates based upon the 24-h
urine samples, estimates based upon the spot urine samples
were higher at lower levels of salt intake and lower at higher
levels of salt intake. For every gram per day increase of salt
intake as determined from the 24-h urine samples, the esti-
mates based upon the spot urine samples either over- or
underestimated by approximately 0.3 g/day.

Comparison of salt intake estimates based on
24-h and spot urine samples in sub-group
analyses

Mean population intake estimates based upon spot urine
samples provided measures significantly different to those
obtained from the 24-h urine samples for a number of sub-
sets of the data (Table 2). For six subsets, the population
mean estimated from spot urine samples differed by more
than 1.0 g/day from that estimated using 24-h urine sam-
ples—Asian populations, use of the KAWASAKI formula,
use of a simple formula with the spot urine samples, use of
overnight urine samples, use of daytime urine samples and
use of spot urine samples that were a part of the 24-h urine

o |
; i Difference (estimates from spot urine -
estimates from 24 hour urine) = -0.28 x
© 1 24 hour measured +2.17
BEAE P=0.013
2 o ‘o
% —_— Line of zero difference
o © O &
2 .
0 ey O
£ . ° e
a Y
o )
@ -
e
0 2 4 6 8 10 12 14 16 18 20
24 hour measured (g/day)
.3
z ] %CI) =
2 2 Kernel density line \\ Mean (95%CI) = 9.3 (9.0, 9.7)
[0
] Lhﬂ—a
e —

0 2 4 6 8

10 12 14 16 18 20

24 hour measured (g/day)

Figure 3. The difference between mean population salt intake estimates based upon 24-h and spot urine samples plotted against salt intake esti-
mated from 24-h samples and distribution of population salt intake for 71 comparisons including 10 414 individuals.
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Table 2. Estimates of salt intake based on 24-h and spot urine samples and mean differences for subsets of the data

No. of Salt intake (g/day)

Difference P-value for difference P-value

comparisons
Based upon 24-h Based upon

urine samples

(spot = 24-h), 95% CI within subgroup for differences

between subgroups

spot urine samples

Overall 71 9.3 9.0
Male population 53 10.4 10.0
Female population 44 8.2 7.9
INTERSALT equation 38 9.4 9.2
TANAKA equation 14 8.9 9.1
KAWASAKI equation 9 8.8 11.2
By concentration 8 8.8 9.0
By rate 22 9.5 8.1
Morning urine 16 9.4 9.5
Evening urine 11 9.6 9.9
Overnight urine 22 9.5 7.6
Daytime urine 13 9.4 10.4
Casual urine 36 9.5 9.4
Developed countries 57 9.0 8.7
Developing countries 13 10.6 9.9
Non-Asian countries 57 9.1 8.8
Asian countries 13 10.4 9.0
Spot part of 24-h 313 9.4 8.1
Spot separate from 24-h 38 9.4 9.5

~0.4(-0.7,-0.2) <0.01
~0.3(-0.5,-0.1) <0.01 0.84
~0.3(-0.5,-0.2) <0.001
70 2 (-0.5, 0.0) 0.10 <0.001
2(-0.2, 0.5) 0.30
5(1.5,3.4) <0.001
3(-0.9, 1.6) 0.60
—1 5( 1.9, -1.1) <0.001
4(-0.1,0.8) 0.09 <0.001
3(-0.3,0.9) 0.30
—19(28 -0.9) <0.001
0(0.6,1.4) <0.001
—01(0301) 0.49
~0.4(-0.6,-0.1) 0.01 0.59
~0.7(-1.9,0.5) 0.24
~0.3(-0.5,0.0) 0.07 0.16
~1.1(-1.9,-0.2) 0.02
71 3(-1.9, -0.8) <0.001 <0.001
2(0.0,0.3) 0.13

collection (all P <0.05). Lesser, but nonetheless statistic-
ally significant, differences were observed for several other
subsets. For several characteristics there was evidence of
heterogeneity in these findings across the data subsets
including for estimating equation type, timing of spot urine
collection and use of spot samples that were a part of the
24-h urine collection (all P < 0.001).

Discussion

These data provide strong support for the notion that esti-
mates of mean population salt intake based upon spot urine
samples can be used to make decisions about whether a coun-
try needs a programme to reduce average population salt
consumption. This is an important observation because the
WHO has recommended that all Member States with mean
salt consumption above 5g/day implement programmes to
reduce salt intake by 30%. Many countries have no current
direct estimate of salt intake from urine samples, and for
many countries large-scale surveys based upon 24-h urine col-
lections will be impractical.'® Spot urine samples, which can
be done much more easily as part of routine surveillance pro-
grammes, will offer a viable alternative for many countries.
This will enable many countries around the world to make
early and objective decisions about the priority that should
be given to national efforts focused upon salt reduction.

The findings of our overview are consistent with a number
of previous reports'"*** but our systematic and quantitative

summation of the data substantially extends knowledge
about the strengths and weaknesses of estimation methods
based upon spot urine samples. Key metrics for policy makers
or governments wishing to understand the need for salt re-
duction in their country are the estimates of sensitivity and
specificity, both of which are very high. The high values are
driven by the substantial difference between mean intake lev-
els of the populations included in the overview and the 5 g/
day maximum target set by the World Health Organization.
However, since most countries around the world are pro-
jected to have salt intake levels substantially more than 5 g/
day,’* estimates based upon spot urine samples are likely to
discriminate well between countries that should and should
not prioritize salt reduction efforts. It is of note that whereas
24-h urine is not in itself a true ‘gold standard’, it serves as a
useful comparator for this evaluation since it is treated as
such, and to all intents and purposes is the measure upon
which decision making is based.

It is also clear from our analyses that mean population
salt intake based upon spot urine samples is an imperfect esti-
mator of intake based upon 24-h samples. In particular, the
equations systematically over- and underestimate intake at
different levels of consumption, and these effects could be-
come large for populations distant from the centre of the dis-
tribution. The overestimation of intake by the equations at
lower levels of intake determined from 24-h collections may
be attributable to confounding caused by incomplete 24-h
collections, but this would not explain the underestimation
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observed at higher level of intake. The bias in estimation
from using the equations will have implications for the use of
serial spot urine samples as a method for detecting changes in
average population salt consumption over time, with spot
urine samples likely to underestimate the true magnitude of
any reduction achieved unless an adjustment is made.
Countries wishing to use spot urine to track changes in popu-
lation salt intake will need to take into account the differen-
tial estimates of spot urine and 24-h urine. The collection of
24-h urine samples from a subset of those from which spot
urine samples are obtained will enable a direct quantitative
evaluation of the impact of the different estimating methods
and is recommended, although mathematical adjustments are
also possible.

In addition to varying across intake levels defined by 24-
h urine samples, the magnitude of the difference between
daily intake estimates based upon spot and 24-h urine sam-
ples was also observed to vary between subsets of the data
defined by estimating equation choice, spot urine collection
time, ethnicity of the study population and whether the spot
urine was or was not a part of the 24-h specimen. The
KAWASAKI equation stood out as a poor performer be-
cause it markedly overestimated mean population intake
compared with 24-h samples. This may be attributable to
the equation being used with spot urine samples other than
the second morning urine samples. Earlier reports exploring
the relative performance of different estimating equations
have likewise identified differences in the performance of
the equations.'®*~* The impact of timing of spot urine col-
lection has also been the focus of earlier analyses**** based
upon physiological observations that sodium excretion ex-
hibits a diurnal variation.?>3 In our review, estimates based
upon overnight urine collections were most discrepant,
markedly underestimating daily intake compared with 24-h
collections. For these and other differences observed, it was
difficult to be sure that they were the primary causal factors
for the observed differences because of the grouped nature
of the data available for analysis. In particular, the collinear-
ity of study characteristics across the various data subsets
investigated made it difficult to disentangle which were the
factors most important to good performance of estimating
methods based upon spot urine samples.

A number of studies have reported upon the capacity of
methods based upon spot urine samples to predict the salt
consumption levels of individuals (rather than populations)
and typically report a poor correlation between measures
obtained from 24-h samples compared with spot urine
samples.'*?733-34=58 [t is important to be aware that this
does not necessarily mean that the spot urine methods will
also be a poor way of predicting average consumption lev-
els for a population. Random errors that might be intro-
duced by having worse estimates of consumption for each

individual can potentially be controlled by the combin-
ation of data from multiple individuals, and likewise biases
can be adjusted for by including covariates in the models,
as has been done with the various estimating equations
that have been developed to date.

This overview is strengthened by its systematic ap-
proach to the collation and analysis of data and the avail-
ability of estimates for a reasonably large number of
populations. The key weakness is that the analysis is based
upon study-level data and it has therefore not been possible
to fully explore the factors that lead to better or worse pre-
diction of salt excretion using methods based upon spot
urine samples. A systematic review that brought together
individual participant data from multiple studies upon
which more sophisticated meta-analytic approaches could
be performed would greatly enhance the conclusions that
could be drawn.

In summary, whereas complete carefully collected 24-h
urine samples will give a robust measure of mean popula-
tion salt intake, they are hard to obtain on representative
samples and are beyond the capacity of many countries to
deliver. The data presented here suggest that estimates
based upon spot urine samples offer a plausible alternative.
The parallel collection of 24-h urine samples in a subset of
those with spot urine samples will further the research
agenda and will be particularly valuable when done serially
as part of efforts to track changes over time. In the mean-
time, a research initiative able to compile and analyse indi-
vidual participant datasets from studies that have already
completed would likely provide valuable new insight.
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