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Abstract

The Global Burden of Disease (GBD) 2010 study estimated national salt intake for
187 countries based on data available up to 2010. The purpose of this review was to
identify studies that have measured salt intake in a nationally representative popula-
tion using the 24-hour urine collection method since 2010, with a view to updating
evidence on population salt intake globally. Studies published from January 2011 to
September 2018 were searched for from MEDLINE, Scopus, and Embase databases
using relevant terms. Studies that provided nationally representative estimates of salt
intake among the healthy adult population based on the 24-hour urine collection
were included. Measured salt intake was extracted and compared with the GBD es-
timates. Of the 115 identified studies assessed for eligibility, 13 studies were in-
cluded: Four studies were from Europe, and one each from the United States, Canada,
Benin, India, Samoa, Fiji, Barbados, Australia, and New Zealand. Mean daily salt in-
take ranged from 6.75 g/d in Barbados to 10.66 g/d in Portugal. Measured mean
population salt intake in Italy, England, Canada, and Barbados was lower, and in Fiji,
Samoa, and Benin was higher, in recent surveys compared to the GBD 2010 esti-
mates. Despite global targets to reduce population salt intake, only 13 countries have
published nationally representative salt intake data since the GBD 2010 study. In all
countries, salt intake levels remain higher than the World Health Organization's rec-
ommendation, highlighting the need for additional global efforts to lower salt intake

and monitor salt reduction strategies.

in most countries far exceeds this recommendation.® The most re-
cent Global Burden of Disease study reported that high intake of
sodium was the leading dietary risk factor of mortality, accounting

High dietary salt intake is associated with increased blood pressure,
a major risk factor for cardiovascular diseases (CVD), and several
studies have shown that low salt intake decreases both blood pres-
sure and the incidence of CVD.! Globally, 1.65 million deaths from
CVD each year are attributed to salt consumption above the World
Health Organization's recommended daily intake of <5 grams per

day (g/d),? and the current daily mean population salt consumption

for 3.20 million deaths globally in 2017.4

The 2010 Global Burden of Diseases, Injuries, and Risk Factor
Study (hereinafter referred to as GBD 2010) quantified global, re-
gional, and country-specific estimates of salt intake for 187 countries
in 1990 and 2010. This was based on surveys in 66 countries using
24-hour urine collection method (n =142) and dietary reporting
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method (n = 103) including diet recall, diet record, food frequency
questionnaires, and household availability/budget survey. Bayesian
hierarchical modeling used all available data to estimate salt intake
by age, sex, and time for 187 countries. The study found that global
mean salt intake in 2010 was 10.06 g/d (95% uncertainty interval
9.88-10.21). Estimated mean salt intakes in 181 of 187 countries ex-
ceeded the WHO recommendation. Around 119 countries exceeded
the recommended amount by at least 2.5 g salt/d and 51 countries
were estimated to be consuming more than double the recom-
mended level.®

A number of different methods can be used to assess dietary salt
intake but when rigorously performed the 24-hour urine collection
method is regarded as the gold standard method for estimating in-
dividual or population salt intake. A 24-hour urine collection is rec-
ommended for assessing mean sodium intake since on average 93%
of sodium is excreted through kidneys and provide an estimate of
total sodium intake from all sources.® At the individual level, dietary
reporting methods such as 24-hour dietary recall or food frequency
questionnaires may under- or over-estimate salt intake.” Timed spot
urine samples have been proposed by some researchers as an alter-
native approach, but it is currently unknown whether this approach
provides the level of accuracy required for measuring change over
time. In fact, population mean sodium estimates are overestimated
at lower 24-hour urine sodium consumption and underestimated at
higher sodium consumption raising concerns that spot urine meth-
ods may be inappropriate to track changes in dietary sodium in un-
paired data.® Therefore, 24-hour urine collection is considered the
optimal method.®

WHO Member States agreed to a 30% interim reduction in
mean population salt intake by 2025,” and a 2014 review identi-
fied national salt reduction strategies in 75 countries. However,
these countries, and numerous others without strategies, have
not undertaken a robust assessment of population salt intake from
which to measure any future change.10 GBD 2010 provided base-
line estimates for mean population salt intake for each country. The
objective of this review was therefore to identify nationally repre-
sentative studies that have assessed salt intake among adult pop-
ulations based upon the 24-hour urine collection between January
2011 and September 2018. This was with a view to comparing with
GBD 2010 estimates to update existing population salt intake es-
timates globally.

2 | METHODS

The present review was conducted in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines.'* A systematic search for original research
papers that were published from January 2011 to September 2018
was conducted in MEDLINE, Scopus and Embase databases using
the keywords: “sodium, Na, sodium chloride, salt” in combination with
“intake, ingest, eat, consume, diet, urine, excretion.” In addition, rele-

vant published papers were searched from the weekly Science of Salt

WILEY-

eNewsletter publication.*? The Science of Salt Weekly is a publication
of weekly Medline searches related to dietary sodium.'® Reference
lists and bibliographies of articles were reviewed manually from
relevant articles. The study protocol is registered with PROSPERO,
number CRD42015026604.

Studies of healthy/general adult populations older than 18 years
that assessed dietary salt intake using the 24-hour urine collection
method and could be used as the basis of national estimates were
included. Studies were excluded if (a) salt intake was assessed in a
sample population that was not nationally representative or that
could not be extrapolated to a national-level (b) assessment of salt
intake was based on dietary reporting method or urinary collections
that were for less than 24 hours, such as spot urine collection (c) if
the study population was a specific group such as pregnant women,
children, adolescents, elderly participants, or those with cardiovas-
cular or renal disease, hypertension, diabetes, thyroid disorders and
(d) study data were included in GBD 2010.

All search results were exported into EndNote, and duplicates were
removed. Two reviewers (ST, JS) independently assessed and reviewed
the titles and abstracts against the inclusion and exclusion criteria. Full-
text articles from the abstracts that met the inclusion criteria were then
reviewed. An Excel data extraction template was developed to collect
the following information: study details (title, author, name of the study,
years of study, country location), study design, study population (age
and sex), sample size (humber of participants included and recruited),
criteria for 24-hour urine collection (criteria specific measurement,
number that did not meet criteria, number with complete 24-hour
urine, number of days of urine collection), data collection period, and
salt intake estimates (overall and by sex, if reported). Any discrepan-
cies in study assessment and data extraction were resolved through
a consensus discussion with a third reviewer (BM). From the countries
identified in the search, data were extracted from the GBD database to
obtain 2010 salt intake estimates (overall and by sex).

The primary outcome was the overall mean population salt in-
take. Secondary outcomes were mean difference in salt intake esti-
mates between recent studies published between January 2011 and
September 2018 and GBD 2010. We reported the number of par-
ticipants, mean, and 95% confidence interval (Cl) from each of the
studies identified between January 2011 and September 2018. For
consistency in reporting, we converted all estimates to salt intake in
g salt/d using the formula: 1 mmol of sodium = 23 mg; 1000 mg (1 g)

t.14

sodium = 2.54 g sal We converted standard deviations or stan-

dard errors to 95% confidence intervals following the equations in
the Cochrane Handbook for Systematic Reviews of Interventions.*
For studies that only reported salt intake estimates in subgroups (eg
by sex), we combined the estimates following the equations in the
Cochrane Handbook, where applicable. For countries with multiple
studies available between 2011 and 2018, we have included the
study with the most recent data in the analysis. Further, for stud-

ies with multiple data points,*¢*’

we have used the last data point
reported.
We determined the difference between the mean salt intake

measured from the 24-hour urine collection and the estimated salt
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(n=27310)

v

Studies assessed based on titles and
abstract and articles from Science of
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v
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v

!

Full-text articles assessed for eligibility
criteria (n =115)

v

Records excluded based on title and
abstract
(n =19904)

Articles included in evidence synthesis
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56 were not nationally representative
21 did not use 24 hour urine collection
method

6 focused on unhealthy participants

5 did not meet age criteria

4 did not report sodium intake

8 presented data collected prior to
2011

2 similar to studies already included

FIGURE 1 Studiesincluded in current
review, January 2011-September 2018

intake from GBD 2010. We considered a difference in mean salt in-
take of <1 g/d as slight difference, 1-2 g/d as moderate difference,
and >2 g/d as substantial difference.’®

3 | RESULTS

Atotal of 27 310 studies were retrieved by searching the MEDLINE,
Scopus, and Embase databases, of which 7363 duplicates were re-
moved (Figure 1). After title and abstract screening of 20 019 stud-
ies including articles from Science of Salt weekly (n = 72), a further
19 904 articles were excluded, leaving 115 potentially relevant
articles for full-text review. Of the 115 articles, thirteen studies
that were conducted between 2011 and 2018 met the inclusion
criteria, and captured data on 11 656 participants. Studies were
excluded because they were not based on a nationally representa-
tive sample (n = 56); did not use 24-hour urine collection (n = 21);
focused on specific population groups (n = 6); did not meet the age
criteria (n = 5); did not report salt intake (n = 4); presented data col-
lected prior to 2011 (n = 8); and already included in the GBD 2010
(n=2).

3.1 | Description of studies

Four of the studies were from low- and middle-income coun-

tries (Fiji, Benin, Samoa and India) and nine are from high-income

countries (ltaly, Portugal, Switzerland, England, Canada, the United
States, Barbados, Australia, and New Zealand) (Table 1). Sample sizes
ranged from 272 in Fiji to 2578 in Portugal. The proportion of males
and females were nearly equal across all studies, and age ranged be-
tween 18 and 90 years. The majority of studies used 24-hour urine
volume and creatinine to assess the completeness of 24-hour urine
coIIection16'17’19'27; while two studies used para-amino benzoic acid
(PABA).%%%? Details on the representativeness of each study are pre-

sented in Table 1 (with references).

3.1.1 | Recent salt intakes

The salt intake in the identified studies published between January
2011 and September 2018 ranged from 6.75g/d (6.32-7.17) in
Barbados to 10.66 g/d (10.52-10.81) in Portugal. All salt intake lev-
els are higher than the WHO-recommended maximum consumption
level of 5 g/d (Table 2).

3.1.2 | Comparison with estimates of GBD 2010

For seven countries, recent measured mean population salt intake
differed from the GBD 2010 (Figure 2 and Table 2). Mean salt intake
from recent surveys was slightly lower in Canada (mean difference:
-0.6 g/d), and moderately lower in Barbados (-1.94 g/d), England
(-1.11 g/d), and Italy (-1.41 g/d), compared to GBD 2010. On the
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MEAN (95% CI)
HIGH-INCOME COUNTRIES
AUSTRALIA
2011-2018 published estimate 9.04 (8.58 t0 9.49) ——
2010 GBD estimate 8.69 (8.36 10 9.02) ——
BARBADOS
2011-2018 published estimate 6.75 (6.32t07.17) ——
2010 GBD estimate 8.69 (7.90 t0 9.55) et
CANADA
2011-2018 published estimate 8.82 (8.56 t0 9.08) ——
2010 GBD estimate 9.42 (9.09109.73) pomdporest
ENGLAND
2011-2018 published estimate 8.06 (7.58 to 8.55) i
2010 GBD estimate 9.17 (8.76 t0 9.60) e
ITALY
2011-2018 published estimate 9.82 (9.66 t0 9.98) i
2010 GBD estimate 11.23 (10.72 to 11.71) e
NEW ZEALAND
2011-2018 published estimate 8.58 (8.13t09.02) ————t
2010 GBD estimate 8.81(8.46 t09.22) i
PORTUGAL
2011-2018 published estimate 10.66 (10.52 to 10.81) gl
2010 GBD estimate 10.77 (10.11 to 11.46) e e ]
SWITZERLAND
2011-2018 published estimate 9.14 (8.96 t0 9.33) ——t
2010 GBD estimate 9.17 (8.64 10 9.78) et
UNITED STATES
2011-2018 published estimate 9.16 (8.67 to 9.66) ————t
2010 GBD estimate 9.14 (8.89 t0 9.40) e
LOW AND MIDDLE-INCOME COUNTRIES
BENIN
2011-2018 published estimate 10.20 (9.69 to 10.71) ———t—t
2010 GBD estimate 7.24 (6.32108.18) . S
FIJI
2011-2018 published estimate 10.29 (9.27 to 11.30) P ———
2010 GBD estimate 7.29 (6.12 to 8.66)
INDIA
2011-2018 published estimate 9.08 (8.62 t0 9.54) o e}
2010 GBD estimate 9.45 (9.22109.70) ——
SAMOA
2011-2018 published estimate 7.65 (7.22 10 8.07) ——
2010 GBD estimate 5.26 (4.62 t0 5.94) ——
6 7 8 9 10 11 12 13

FIGURE 2 Graphbyincome

other hand, in three low- to middle-income counties, mean salt in-
take from recent surveys was substantially higher in Benin (2.96 g/d),
Fiji (3 g/d), and Samoa (2.39 g/d), compared to GBD 2010. The salt

intake estimates from the remaining six countries (Australia, India,
New Zealand, Portugal, Switzerland, and the United States) were
similar between recent studies and GBD 2010.
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4 | DISCUSSION

This review identified 13 nationally representative studies from 13
different countries which have assessed salt intake estimates using
the gold standard 24-hour urine collection method, since the GBD
2010. Salt intake levels in all countries exceeded the WHO-recom-
mended level of 5 g salt/d which highlights the need for continued
salt reduction programmes.

In the present review, ltaly, England, Canada, and Barbados had
lower salt intakes in recent surveys than previous GBD 2010 esti-
mates. It is not possible to know whether these findings reflect true
reductions in salt intake as a result of programmes to reduce salt or
if they are due to different sampling or salt measurement approaches
as many of the GBD estimates were based on imputation of different
sources. However, it should be noted that these four countries have
been implementing salt reduction strategies.10 Italy has established a
programme to work with the food industry including legislation to limit
the salt content of bread.?° England has been implementing a com-
prehensive government lead, salt reduction intervention including salt
targets and working with industry to reformulate foods since 2006.%*
Canada has also established targets for packaged foods that contribute
the most salt to the Canadian diet.*? Similarly, Barbados has set targets
to reduce salt contents in foods and held a series of meetings with the
food industry.33 Therefore, our findings are consistent with reductions
in population salt intake may have occurred since GBD 2010.

Fiji, Benin, and Samoa had higher population salt intakes in re-
cent surveys compared to those reported through the GBD 2010.
Again, this may reflect a true increase in salt intake or be a result
of different approaches to measurement. In the GBD 2010, the
estimated levels of sodium excretion for all country-time periods
were considered by specifying an age-integrating Bayesian hierar-
chical model using as a parent model, DisMod-MR The model was
used to estimate fixed effects for study-specific and national-level
covariates, and random effects for GBD super region, region, and
country.® Many low- and middle-income countries (LMICs) including
Fiji, Benin, and Samoa have been experiencing a nutrition transition,
changing consumption pattern away from traditional foods to pro-
cessed and packaged foods, which may have potentially contributed
to increasing salt intake over the last few years.34'35

Adoption of population salt reduction strategies is slow in LMICs
and remains a challenge as these countries are experiencing a dou-
ble burden of communicable and non-communicable diseases, com-
peting health priorities and limited resources for health.%® However,
population salt reduction initiatives including food reformulation,
consumer education, front of pack labeling, and interventions in
public institutions are being implemented in some countries.!®
Additionally, salt reduction strategies need to have high-level com-
mitment across government departments in conjunction with the
establishment of a national-level mechanism to monitor salt intake.

Measurement of the 24-hour urine collection is considered the
“gold standard” to estimate dietary salt intake with standard criteria
for completeness of the specimens varying from most using urine

volume and creatinine and some using PABA.%”8 For this review, we

therefore decided to include only those studies that had estimated
salt intake using 24-hour urine samples. Several large scale popula-
tion studies have assessed salt intake by the 24-hour urine collec-
tion in multiple countries. INTERSALT (1985-87) obtained 24-hour
urine sample collections from 52 population samples across 32 coun-
tries.®? INTERMAP included four 24-hour dietary recalls and two
timed 24-hour urine samples from 17 population samples from four
countries.*® Both of these studies demonstrate that collecting na-
tionally representative samples of 24-hour urine collections in large-
scale epidemiological studies is feasible. However, other research has
highlighted that collecting 24-hour urine collections is burdensome

to participants,*!

so spot urine collections are increasingly being
used as a convenient and affordable alternative for estimating popu-
lation salt intake. However, while some studies have shown that spot
urine samples can provide a reasonable estimate of population-level
salt intake,® there is not sufficient evidence to show whether this
can be replicated in all population groups.42 Therefore, there are rec-
ommended against using spot urine collections,*® which is why we
limited this review to studies that had used 24-hour urine samples.

This review is the first to compare recent salt intake measure-
ments to those derived from the estimates in the GBD study 2010.
A key strength is that it included a comprehensive systematic search
of the peer-reviewed articles on population salt intake where the
sample frame was nationally representative from three databases.
We systematically identified and extracted data as per pre-defined
inclusion and exclusion criteria for the review. A further strength is
that it only included those studies that used the 24-hour urine col-
lection method, and therefore only salt intake estimates from the
current gold standard were used. Several methods were used to as-
sess the completeness of 24-hour urine collection in the included
studies. Only two studies used PABA (generally considered as gold
standard) and the rest used creatinine/volume criteria (and use of
these criteria differed across the studies) on the completeness of
collection of the 24-hour urines. A limitation of the review is that it
relied only on the published literature so it does not capture coun-
tries that have measured salt intake but have not published the re-
sults in peer-reviewed literature. We also only included studies that
had broadly representative sample of the healthy populations and
not studies of specific population groups, but this was important to
be able to compare to the GBD 2010. The salt intake estimates in
the GBD 2010 were based on Bayesian hierarchical modeling which
used survey data and their characteristics to estimate mean sodium
intake, by age and sex for 187 countries. It is therefore not possible
to know whether some new estimates are different because popula-
tion salt intake has changed or the differences are due to the meth-
ods used.

5 | CONCLUSIONS

In conclusion, only 13 countries have published nationally rep-
resentative salt intake data using the 24-hour urine collection
method since 2010. Whilst it is not possible to be sure whether
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differences in salt intake between the new studies and the GBD
estimates reflect changes in salt intake or are due to differences
in methodological approaches, salt intake levels in all countries re-
main higher than WHO-recommended levels. Thus, there is an ur-
gent need for national public health policies focused on reducing
salt intake including additional global efforts to lower salt intake

and monitor salt strategies.
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