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1  | INTRODUCTION

Major international and national health and scientific organizations, 
as well as technical experts, have expressed strong concerns that 
low-quality research on dietary salt is a major source of scientific con-
troversy by causing artefactual “J-shaped” or inverse relationships be-
tween dietary salt and cardiovascular disease.1–5 As a result, a major 
international consortium of health and scientific organizations was 
formed to set minimum standards for the conduct of clinical and epide-
miological research on dietary salt.6 Accurate assessment of an individ-
ual’s usual sodium intake is essential for investigation of relationships 
between dietary sodium intake and health outcomes in epidemiological 
studies, as well as for assessment of adherence in intervention studies.

There are considerable challenges in accurate measurement of 
usual sodium intake in individuals, including day-to-day variability 
in sodium intake.7 This means that several days of measurement are 
required to accurately measure usual intake with estimates of 3 to 
10 days reported in the literature.8 Further challenges are specific to 
methods of assessment.

Dietary assessment tools and urinary sodium excretion are used 
to assess intake, with 24-hour urinary excretion widely regarded as 
the most accurate measure of intake over a 24-hour period. Food 
frequency questionnaires are often used in epidemiological studies 
as they assess dietary intake over a longer period, have a relatively 
low respondent burden, and can produce information about several 
nutrients, foods, and dietary patterns.9 Typically, food frequency 
questionnaires (FFQs) ask participants to record how frequently 
they have consumed particular foods over a specified time period 
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(weeks or months) from a list of foods appropriate for the population 
under investigation. The food list should include foods consumed 
reasonably frequently by a substantial proportion of individuals in 
the population and contribute substantially to population intake of 
nutrient(s) of interest. The results of the questionnaire are analyzed 
with reference to a relevant food composition database to gener-
ate either estimates of intake or to rank intakes in individuals from 
high to low. Quantiles of intake are sometimes produced from FFQ 
survey data.10 There has been some dispute about the validity of 
the FFQ in epidemiologic studies,11–13 and its ability to characterize 
intake may vary by nutrient.

The degree to which FFQs can accurately measure sodium intake is 
not well understood, despite their use in many published studies. In a 
meta-analysis of prospective studies examining salt intake and cardio-
vascular outcomes (including stroke and cardiovascular disease mor-
tality) four of the 13 included studies used FFQs in their assessment 
of dietary sodium intake.14 Validation studies of FFQs are important 
to assess the degree to which they can accurately assess intakes of 
nutrients of interest. In such studies, FFQs are usually compared with 
other more reliable assessment methods such as other forms of di-
etary assessment or relevant biomarkers.9

Twenty-four-hour urinary sodium (a recovery biomarker) is widely 
regarded as the gold standard method for measurement of sodium in-
take. Approximately 85% to 90% of sodium ingested over a 24-hour 
period is excreted in the urine, with the remainder excreted in sweat 
and feces. Twenty-four-hour urine collection places considerable bur-
den on participants, and both under-collection and over-collection 
have been reported. Collection of 24-hour urine over several days is 
likely to be the best method for assessment of usual sodium intake; 
however, in large population-based epidemiological studies, the re-
spondent burden associated with repeated 24-hour urine may lead to 
low response rates.15 Nevertheless, 24-hour urine is the most suitable 
reference method or calibration instrument for comparison in valida-
tion studies of dietary assessment methods,16,17 and multiple collec-
tions over several days are most appropriate for validation of FFQs.

This article, commissioned by the TRUE (International Consortium 
for Quality Research on Dietary Sodium/Salt) consortium.11The TRUE 
consortium has a mandate to develop minimum standards for clinical 
and epidemiological research on dietary salt. Member organizations 
of the TRUE consortium include the American Heart Association, 
the British and Irish Hypertension Society, the Chinese Regional 
Office of the World Hypertension League, Hypertension Canada, 
the International Association of National Public Health Institutes, the 
International Council of Cardiovascular Prevention and Rehabilitation, 
the International Society of Hypertension, the International Society 
of Nephrology, the Journal of Clinical Hypertension, the World Health 
Organization Collaborating Centre for Population Salt Reduction, the 
Technical Advisory Group to mobilize cardiovascular disease preven-
tion through dietary salt control policies and interventions, the Pan 
American Health Organization/World Health Organization, the World 
Hypertension League, and the World Stroke Organization. describes 
a systematic review of studies examining sodium intake assessment 
from FFQs compared with the gold standard 24-hour urine collection, 

in order to understand whether FFQs are a reliable and valid way of 
measuring usual dietary sodium intake.

2  | METHODS

2.1 | Search strategy

The electronic databases MEDLINE, Embase, Cinharl, LILACS, Google 
Scholar, and the Cochrane Library were searched using suitable prede-
fined terms in November 2015 (see Appendix A). An additional search 
was conducted in November 2016 to identify articles published dur-
ing the interim period. Two authors (R.M. and V.F.) independently 
reviewed the titles and abstracts of all articles identified, discussed 
any disagreements, and achieved consensus. Potentially eligible arti-
cles were obtained in full text. Titles, abstracts, and full-text articles 
published in languages other than English were translated into English. 
Both authors then independently reviewed the full-text articles.

Reference lists of included studies were hand searched for addi-
tional articles not identified in the database search, and enquiries were 
made with coauthors and academic colleagues to identify further po-
tentially eligible studies.

2.2 | Eligibility criteria

Studies were eligible for inclusion if they were available in full text and 
undertaken in adult humans in free-living settings. Feeding studies or 
studies where the amount of sodium in the diet was controlled by 
investigators were excluded. There were no restrictions on language 
or study sample size. Studies conducted within a population in an ac-
tive disease state that may interfere with normal sodium metabolism, 
renal function, and urinary excretion (eg, renal failure, congestive 
heart failure, or pregnancy) were excluded. Studies were included if 
they reported dietary assessment of sodium intake (24-hour diet re-
call, weighed diet record, and FFQs) and 24-hour urinary collection 
for assessment of sodium intake in the same participants. Studies that 
collected urine samples over periods shorter than 24 hours were ex-
cluded. Only studies that reported on FFQs and 24-hour urine collec-
tion are included in this analysis.

2.3 | Data extraction

Standard data were extracted to a spreadsheet by two authors inde-
pendently (R.M. and V.F.) and checked by a third author (A.N.) for ac-
curacy. The variables recorded were study citation, study name, type 
of study (validation, cohort, or cross-sectional), population studied 
(country, type of sample), participant characteristics (age, ethnicity, 
sex, disease status), whether and how 24-hour urine collections were 
validated for completeness, 24-hour urine results, dietary assessment 
methods and whether discretionary salt (defined as salt added either 
during cooking or at the table or both) was accounted for, dietary as-
sessment results, whether dietary assessment and 24-hour urine col-
lections were concurrent, and what the methods of comparison were 
(if any) between the two methods.
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Data were extracted for 18 studies that reported on results of FFQs 
and 24-hour urinary sodium in the same participants (Table 1). Where 
data from more than one study were included in a single article,18 data 
from individual studies were extracted separately where possible. 
Where data from a single study were reported in two articles,19,20 this 
was treated as one study. Supporting articles that described methods 
of data collection for studies were reviewed for additional data (partic-
ularly on methods) where required.

As this review is exploratory in nature, no formal risk of bias as-
sessment was performed. All sodium consumption data are expressed 
in milligrams of sodium per day using the following conversions: 
1 mmol Na = 1 mEq Na = 23 mg Na and 1 g Na = 2.54 g NaCl.

3  | RESULTS

The initial search of databases identified 503 articles, and 25 arti-
cles were identified from other sources (colleagues and networks, 
article reference lists, and an updated search in November 2016) 
(Figure). After 70 duplicates were removed, 458 titles and abstracts 
were screened, and 108 full-text articles were assessed for eligibil-
ity. One publication18 included results from five studies and several 
studies included several measures of dietary assessment (eg, FFQ 
and 24-hour diet recall). Eighteen studies included assessment by 
FFQ and 24-hour urine collection in the same participants and are 
included in this review. Information on authors, sample size, 24-hour 
urine, dietary assessment, accounting for discretionary salt, assess-
ments concurrent (or not), and methods of comparison are described 
in Table 1. More detail for each study is contained in Appendix C. 
Of the 18 studies, 16 are described as validation studies, one as a 
cross-sectional study, and one as a cohort study. Five of the studies 
were conducted in the United States, four in Japan, two in Australia, 
one in Brazil, and one each in Canada, China, Ireland, South Africa, 
the United Kingdom, and the Netherlands. Sample sizes of those 
included in the analysis range from 50 to 1043 participants, with re-
sults from a total of 5681 participants across all studies. Four of the 
studies included women only, and 14 studies included both men and 
women. Seven studies reported including healthy participants and 
excluded participants with listed medical conditions, four studies 
included participants with hypertension, and seven studies did not 
state whether participants were included or excluded on the basis 
of any medical conditions.

Twelve studies described a method used to evaluate the complete-
ness of 24-hour urine collections: four studies used para-amino ben-
zoic acid (PABA); four studies used an assessment of urine creatinine 
excretion; and four studies used a combination of methods including 
urine volume, self-reported missing urine collections, PABA, and cre-
atinine excretion. The methods used to interpret 24-hour urinary cre-
atinine and PABA excretion, and therefore which urine samples were 
likely to be incomplete, varied between studies. For example the PABA 
excretion cutoff levels for determination of complete urine included 
>75% PABA urinary recovery, 70% to 103% PABA recovery,31 ≥85% 
PABA recovery,38 ≥78% PABA recovery,37 and 85% to 110% PABA 

recovery.18,25 One study reported that collections with <70% PABA 
recovery were excluded, and those with 70% to 85% recovery had so-
dium content adjusted to 93% PABA recovery.18,39 Methods of assess-
ment of incomplete samples using creatinine excretion included an 
assessment of within- and between-subject variability and exclusion 
of samples where creatinine (mmol)/body weight (kg) was outside a 
certain range (different for men and women).

There was variability in the number of 24-hour urine collections 
per participant: 10 studies included a single collection, six studies 
included two collections, one study included three collections, and 
one study included six collections. Three studies collected 24-hour 
urine samples in the period during which the FFQ was completed, 
nine collected urine at a different time, and six did not specify 
whether the FFQ and urine collections were concurrent. When re-
porting urinary sodium excretion results, five studies divided the 
24-hour urine results by 0.86 to account for incomplete excretion 
of dietary sodium in urine.18,40 All studies reported estimates from 
the dietary assessment and the 24-hour urine as mean and stan-
dard deviation (n = 11), mean and 95% confidence interval (n = 2), 
or geometric mean and 95% confidence interval (n = 5, all from a 
single publication).18

Three of the FFQs were specifically designed to assess sodium 
intake. Charlton and colleagues22 compared results from a sodium-
specific FFQ with 42 items examined over 7 days with those of three 
24-hour urine collections (correlation of 0.173); Ferrera-Sae and col-
leagues24 compared results from a sodium-specific FFQ with 44 items 
over a 12-month period with a single 24-hour urine collection (correla-
tion coefficient stated as not significant); and Perin and colleagues34 
included results from a sodium-specific FFQ with 15 foods over 
12 months and those from a single 24-hour urine collection (correla-
tion not reported). Eleven other FFQs estimated intakes over the pre-
vious 12 months, two were for a 3-month period, three for 1 month, 
and one over the previous 7 days. One study did not report the time 
period for assessment. The number of items on the FFQs ranged from 
1534 to 150,31 and not all included estimates of discretionary salt 
added in the home.

As the majority of studies included are validation studies (n = 16), 
most reported the results of statistical comparison between methods, 
including correlation, regression, agreement using Bland-Altman meth-
ods,41 ratio of estimates, and κ. Most studies reported on correlation 
coefficients (Pearson or Spearman). Correlation coefficients reported 
in this review were generally low, ranging from those reported as not 
statistically significant (Farreira-Sae and colleagues24) to r = 0.36 (Day 
and colleagues23). The correlation coefficients for the studies that re-
ported concurrent data collection (Charlton and colleagues, r = 0.173; 
Day and colleagues, r = 0.36; and Sasaki and colleagues, r = 0.24 for 
men and −0.10 for women) do not show substantially higher correla-
tion coefficients than nonconcurrent assessments. Charlton and col-
leagues22 assessed the extent to which a sodium-specific FFQ was able 
to accurately categorize intake in individuals into high (>2300 mg/d) or 
low, (κ = 0.0318), and Lassale and colleagues32 assessed quintiles of 
intake (weighted κ = 0.31). The strength of agreement demonstrated 
by these κ statistics were described as only poor to fair.42 Only one 



     |  1217McLEAN et al.

T
A
B
LE
 1
 

Ch
ar

ac
te

ris
tic

s 
of

 in
cl

ud
ed

 s
tu

di
es

 (s
um

m
ar

y 
ta

bl
e)

Fi
rs

t a
ut

ho
r, 

ye
ar

/
na

m
e 

of
 st

ud
y

Pa
tie

nt
s, 

N
o.

24
-h

 U
rin

e
D

ie
ta

ry
 a

ss
es

sm
en

t (
FF

Q
)

D
is

cr
et

io
na

ry
 

sa
lt 

ac
co

un
te

d 
fo

r

24
-h

 U
rin

e 
an

d 
FF

Q
 

co
nc

ur
re

nt
M

et
ho

d(
s)

 o
f c

om
pa

ris
on

Be
df

or
d,

 2
01

121
10

2
Si

ng
le

 c
ol

le
ct

io
n

FF
Q

 (N
at

io
na

l C
an

ce
r I

ns
tit

ut
e)

 (1
24

 it
em

s)
, p

as
t 

12
 m

o,
 a

na
ly

ze
d 

w
ith

 a
 C

an
ad

ia
n 

ve
rs

io
n 

of
 th

e 
nu

tr
ie

nt
 d

at
ab

as
e

N
o

N
o

Co
rr

el
at

io
n 

(0
.2

1)
 

Ch
ar

lto
n,

 2
00

822
28

4
Th

re
e 

co
lle

ct
io

ns
, P

AB
A,

 u
rin

e 
vo

lu
m

e,
 

an
d 

ur
in

ar
y 

cr
ea

tin
in

e 
co

nc
en

tr
at

io
n 

us
ed

 to
 a

ss
es

s c
om

pl
et

en
es

s

Sa
lt-

sp
ec

ifi
c 

FF
Q

 (4
2 

ite
m

s)
, p

re
vi

ou
s 

7 
d

Ye
s

Ye
s

Co
rr

el
at

io
n 

(0
.1

73
); 

κ 
(0

.0
31

8)
 

ca
te

go
riz

in
g 

hi
gh

 (>
24

00
 m

g/
d)

 v
s 

lo
w

 (<
24

00
 m

g/
d)

 s
od

iu
m

 in
ta

ke

 

D
ay

, 2
00

1/
EP

IC
-N

or
fo

lk
 c

oh
or

t 
st

ud
y23

12
3

Si
x 

co
lle

ct
io

ns
, P

A
BA

 u
se

d 
to

 a
ss

es
s 

co
m

pl
et

en
es

s
Tw

o 
FF

Q
s 

(1
30

 it
em

s)
, 1

8 
m

o 
ap

ar
t 

FF
Q

 s
el

f-
ad

m
in

ist
er

ed
, p

as
t 1

2 
m

o 
M

od
ifi

ed
 q

ue
st

io
nn

ai
re

 fr
om

 U
S 

N
ur

se
s’ 

H
ea

lth
 

St
ud

y 
Ca

lc
ul

at
io

n 
ba

se
d 

on
 M

in
ist

ry
 o

f A
gr

ic
ul

tu
re

, 
Fi

sh
er

ie
s, 

an
d 

Fo
od

 C
om

po
sit

io
n 

Ta
bl

es

N
/S

Ye
s

Sa
m

pl
e 

va
ria

nc
e,

 c
or

re
la

tio
n 

(0
.3

6)
, 

re
gr

es
sio

n 
an

al
ys

is
 

Fe
rr

ei
ra

-S
ae

, 2
00

924
13

2
Si

ng
le

 c
ol

le
ct

io
n

Sa
lt-

sp
ec

ifi
c 

FF
Q

 (4
4 

ite
m

s)
, p

as
t 1

2 
m

o 
N

ut
w

in
 d

at
ab

as
e 

so
ft

w
ar

e 
de

ve
lo

pe
d 

by
 F

ed
er

al
 

U
ni

ve
rs

ity
 o

f S
ao

 P
au

lo

In
 a

 s
ep

ar
at

e 
qu

es
tio

nn
ai

re
N

o
Co

rr
el

at
io

n
 

Fr
ee

dm
an

, 2
01

5/
N

ut
rit

io
n 

Bi
om

ar
ke

r 
St

ud
y 

fo
r W

H
I 

20
04

–2
00

518
,2

5

54
4

Si
ng

le
 c

ol
le

ct
io

n,
 P

A
BA

 a
nd

 
se

lf-
re

po
rt

 u
se

d 
to

 a
ss

es
s 

co
m

pl
et

en
es

s 
To

ta
l e

xc
re

tio
n 

di
vi

de
d 

by
 0

.8
6a

W
H

I F
FQ

, p
as

t 3
 m

o,
 n

ut
rie

nt
 d

at
ab

as
e 

N
ut

rit
io

n 
D

at
a 

Sy
st

em
 fo

r R
es

ea
rc

h,
 U

ni
ve

rs
ity

 o
f 

M
in

ne
so

ta
 to

 a
na

ly
ze

 th
e 

re
su

lts

N
/S

N
o

Bi
as

, a
tt

en
ua

tio
n 

fa
ct

or
 o

f 0
.1

2 
(9

5%
 

CI
, 0

.0
3–

0.
20

), 
co

rr
el

at
io

n 
ad

ju
st

ed
 

fo
r w

ith
in

-p
er

so
n 

bi
om

ar
ke

r 
va

ria
tio

n 
fo

r p
oo

le
d 

da
ta

Po
ol

ed
 d

at
a 

fr
om

 fi
ve

 
st

ud
ie

s, 
av

er
ag

e 
co

rr
el

at
io

n 
0.

16
 (m

en
 

0.
17

, 
w

om
en

 
0.

15
), 

av
er

ag
e 

at
te

nu
a-

tio
n 

fa
ct

or
 

of
 0

.0
8 

(9
5%

 C
I, 

0.
04

–0
.1

3)

Fr
ee

dm
an

, 2
01

5/
O

PE
N

 s
tu

dy
 

19
99

–2
00

018
,2

6

48
4

Tw
o 

co
lle

ct
io

ns
 P

A
BA

 a
nd

 
se

lf-
re

po
rt

 u
se

d 
to

 a
ss

es
s 

co
m

pl
et

en
es

s 
To

ta
l e

xc
re

tio
n 

di
vi

de
d 

by
 0

.8
6a

FF
Q

, p
as

t 1
2 

m
o:

 s
in

gl
e 

D
ie

t H
ist

or
y 

Q
ue

st
io

nn
ai

re
 

de
ve

lo
pe

d 
an

d 
ev

al
ua

te
d 

at
 th

e 
N

at
io

na
l C

an
ce

r 
In

st
itu

te

N
o

N
o

Bi
as

, a
tt

en
ua

tio
n 

fa
ct

or
 o

f 0
.1

1 
(9

5%
 

CI
, 0

.0
0–

0.
23

), 
co

rr
el

at
io

n 
ad

ju
st

ed
 

fo
r w

ith
in

-p
er

so
n 

bi
om

ar
ke

r 
va

ria
tio

n 
fo

r p
oo

le
d 

da
ta

Fr
ee

dm
an

, 2
01

5/
A

M
PM

 v
al

id
at

io
n 

st
ud

y18
,2

7

46
5

Tw
o 

co
lle

ct
io

ns
, s

el
f-

re
po

rt
, v

ol
um

e 
an

d 
cr

ea
tin

in
e 

ex
cr

et
io

n 
us

ed
 to

 
as

se
ss

 c
om

pl
et

en
es

s 
To

ta
l e

xc
re

tio
n 

di
vi

de
d 

by
 0

.8
6a

FF
Q

, p
as

t 1
2 

m
o 

A
 s

in
gl

e 
FF

Q
 (H

ar
va

rd
) w

as
 a

dm
in

ist
er

ed
 1

 to
 

14
 m

o 
af

te
r t

he
 b

eg
in

ni
ng

 o
f t

he
 s

tu
dy

N
/S

N
o

Bi
as

, a
tt

en
ua

tio
n 

fa
ct

or
 o

f 0
.1

0 
(9

5%
 

CI
, 0

.0
0–

0.
21

), 
co

rr
el

at
io

n 
ad

ju
st

ed
 

fo
r w

ith
in

-p
er

so
n 

bi
om

ar
ke

r 
va

ria
tio

n 
fo

r p
oo

le
d 

da
ta

Fr
ee

dm
an

, 2
01

5/
En

er
ge

tic
s 

St
ud

y 
20

06
–2

00
918

,2
8

26
3

Tw
o 

co
lle

ct
io

ns
, P

A
BA

 u
se

d 
to

 
as

se
ss

 c
om

pl
et

en
es

s 
To

ta
l e

xc
re

tio
n 

di
vi

de
d 

by
 0

.8
6a

FF
Q

, p
as

t 1
2 

m
o 

A
dm

in
ist

er
ed

 o
nc

e 
N

at
io

na
l C

an
ce

r I
ns

tit
ut

e 
D

ie
t H

ist
or

y 
Q

ue
st

io
nn

ai
re

N
o

N
/S

Bi
as

, a
tt

en
ua

tio
n 

fa
ct

or
 o

f −
0.

05
 

(9
5%

 C
I, 

−0
.1

7 
to

 0
.0

8)
, c

or
re

la
tio

n 
ad

ju
st

ed
 fo

r w
ith

in
-p

er
so

n 
bi

om
ar

ke
r v

ar
ia

tio
n 

fo
r p

oo
le

d 
da

ta

Fr
ee

dm
an

, 2
01

5/
N

PA
A

S 
20

07
–2

00
918

,2
9

45
0

Si
ng

le
 c

ol
le

ct
io

n 
To

ta
l e

xc
re

tio
n 

di
vi

de
d 

by
 0

.8
6a

FF
Q

, p
as

t 3
 m

o 
W

H
I F

FQ
 a

nd
 th

e 
nu

tr
ie

nt
 d

at
ab

as
e 

N
ut

rit
io

n 
D

at
a 

Sy
st

em
 fo

r R
es

ea
rc

h,
 U

ni
ve

rs
ity

 o
f 

M
in

ne
so

ta
 w

as
 u

se
d 

to
 a

na
ly

ze
 th

e 
re

su
lts

N
/S

N
/S

Bi
as

, a
tt

en
ua

tio
n 

fa
ct

or
 o

f 0
.0

8 
(9

5%
 

CI
, 0

.0
0–

0.
17

), 
co

rr
el

at
io

n 
ad

ju
st

ed
 

fo
r w

ith
in

-p
er

so
n 

bi
om

ar
ke

r 
va

ria
tio

n 
fo

r p
oo

le
d 

da
ta

H
su

-H
ag

e,
 1

99
2/

M
el

bo
ur

ne
 C

hi
ne

se
 

H
ea

lth
 S

tu
dy

30

97
Si

ng
le

 c
ol

le
ct

io
n

FF
Q

, p
as

t 1
2 

m
o,

 a
da

pt
ed

 fr
om

 C
SI

RO
 F

FQ
 fo

r 
M

el
bo

ur
ne

 C
hi

ne
se

 to
 a

ss
es

s u
su

al
 in

ta
ke

 (1
10

 it
em

s)
Po

rt
io

n 
siz

es
 a

nd
 n

ut
rie

nt
 in

ta
ke

s w
er

e 
es

tim
at

ed
 

us
in

g 
th

e 
19

90
 A

us
tra

lia
n 

Fo
od

 C
om

po
sit

io
n 

Ta
bl

es
 

N
/S

N
/S

N
/S

  (C
on

tin
ue

s)



1218  |     McLEAN et al.

Fi
rs

t a
ut

ho
r, 

ye
ar

/
na

m
e 

of
 st

ud
y

Pa
tie

nt
s, 

N
o.

24
-h

 U
rin

e
D

ie
ta

ry
 a

ss
es

sm
en

t (
FF

Q
)

D
is

cr
et

io
na

ry
 

sa
lt 

ac
co

un
te

d 
fo

r

24
-h

 U
rin

e 
an

d 
FF

Q
 

co
nc

ur
re

nt
M

et
ho

d(
s)

 o
f c

om
pa

ris
on

Ke
lly

, 2
01

5/
Fo

od
 

Ch
oi

ce
 a

t W
or

k 
st

ud
y31

50
Si

ng
le

 c
ol

le
ct

io
n,

 P
A

BA
 u

se
d 

to
 

as
se

ss
 c

om
pl

et
en

es
s

FF
Q

 v
er

sio
n 

of
 E

PI
C 

(1
50

 fo
od

 it
em

s)
 a

da
pt

ed
 fo

r 
Iri

sh
 p

op
ul

at
io

n,
 p

as
t 1

2 
m

o,
 n

ut
rie

nt
 v

al
ue

s 
fr

om
 

Fo
od

 S
ta

nd
ar

ds
 A

ge
nc

y 
an

d 
M

cC
an

ce
 a

nd
 

W
id

do
w

so
n’

s 
Fo

od
 C

om
po

sit
io

n 
Ta

bl
es

N
o

N
/S

Bl
an

d-
A

ltm
an

, m
ea

n 
di

ff
er

en
ce

, 9
.1

 
(9

5%
 C

I, 
−5

.7
 to

 2
4)

 m
m

ol
/d

; 9
5%

 
m

ea
n 

di
ff

er
en

ce
, −

95
.7

 to
 1

13
.9

; 
A

U
C,

 0
.7

6 
(9

5%
 C

I, 
0.

6–
0.

9)

 

La
ss

al
e,

 2
00

932
62

Tw
o 

co
lle

ct
io

ns
, c

re
at

in
in

e 
ex

cr
et

io
n 

us
ed

 to
 a

ss
es

s 
co

m
pl

et
en

es
s

CS
IR

O
 A

us
tr

al
ia

 F
FQ

 d
ev

el
op

ed
 in

 th
e 

19
80

s 
an

d 
su

bs
eq

ue
nt

ly
 e

va
lu

at
ed

 in
 1

99
1,

 d
es

ig
ne

d 
to

 
es

tim
at

e 
us

ua
l f

oo
d 

an
d 

dr
in

k 
in

ta
ke

 d
ur

in
g 

th
e 

pa
st

 1
2 

m
o,

 w
ith

 n
ut

rie
nt

 c
om

po
sit

io
n 

de
riv

ed
 

fr
om

 fo
ur

 s
ou

rc
es

: t
he

 A
us

tr
al

ia
n 

nu
tr

ie
nt

 
da

ta
ba

se
, B

rit
ish

 F
oo

d 
Co

m
po

sit
io

n 
Ta

bl
es

, U
SD

A
 

fo
od

 ta
bl

es
, a

nd
 m

an
uf

ac
tu

re
rs

’ d
at

a

N
/S

N
o

Co
rr

el
at

io
n 

(0
.3

52
) (

P 
< 

0.
01

); 
ag

re
em

en
t i

n 
ra

nk
in

gs
 b

y 
qu

in
til

e;
 

w
ei

gh
te

d 
κ 

0.
31

 (q
ui

nt
ile

s 
of

 
di

st
rib

ut
io

n)
; r

eg
re

ss
io

n 
an

al
ys

is

 

Li
, 2

01
433

96
4

Si
ng

le
 c

ol
le

ct
io

n,
 P

A
BA

 u
se

d 
to

 
as

se
ss

 c
om

pl
et

en
es

s
FF

Q
, N

/S
Ye

s
N

/S
Co

rr
el

at
io

n 
(0

.0
7)

; m
ea

n 
di

ff
er

en
ce

; 
pr

op
or

tio
n 

un
de

re
st

im
at

ed
 a

nd
 

ov
er

es
tim

at
ed

 

M
ur

ik
am

i, 
20

12
/

Ja
pa

ne
se

 D
ie

te
tic

 
St

ud
en

ts
’ S

tu
dy

 fo
r 

N
ut

rit
io

n 
an

d 
Bi

om
ar

ke
rs

20

10
43

Si
ng

le
 c

ol
le

ct
io

n,
 c

re
at

in
in

e 
ex

cr
et

io
n 

us
ed

 to
 a

ss
es

s 
co

m
pl

et
en

es
s

15
0 

ite
m

s, 
pa

st
 1

 m
o 

St
an

da
rd

 T
ab

le
s 

of
 F

oo
d 

Co
m

po
sit

io
n 

in
 J

ap
an

 
us

ed

Ye
s

N
o

Ra
tio

 o
f F

FQ
 to

 2
4-

h 
ur

in
e 

va
lu

es
 

(m
ea

n,
 1

.1
0;

 S
D

, 0
.7

0 
sig

ni
fic

an
tly

 
di

ff
er

en
t f

ro
m

 1
.0

); 
al

so
 b

y 
en

er
gy

 
in

ta
ke

 (u
nd

er
-r

ep
or

te
rs

, a
cc

ep
t-

ab
le

, a
nd

 o
ve

r-
re

po
rt

er
s 

of
 e

ne
rg

y 
in

ta
ke

)

 

Pe
rin

, 2
01

334
10

8
Si

ng
le

 c
ol

le
ct

io
n

So
di

um
-s

pe
ci

fic
 F

FQ
 (1

5 
fo

od
s)

, p
as

t 1
2 

m
o

N
o

N
/S

M
ea

n 
an

d 
m

ed
ia

ns
 s

ta
te

d 
on

ly
 

Sa
sa

ki
, 2

00
3/

JP
H

C 
st

ud
y)

35
89

Tw
o 

co
lle

ct
io

ns
, P

A
BA

 u
se

d 
to

 
as

se
ss

 c
om

pl
et

en
es

s
FF

Q
 (1

38
 it

em
s)

, p
as

t 1
2 

m
o

N
/S

Ye
s.

Co
rr

el
at

io
n 

(m
en

 0
.2

4,
 w

om
en

 
−0

.1
0)

 

Sa
sa

ki
, 1

99
836

22
3

Si
ng

le
 c

ol
le

ct
io

n,
 c

re
at

in
in

e 
ex

cr
et

io
n 

us
ed

 to
 a

ss
es

s 
co

m
pl

et
en

es
s

D
ie

t h
ist

or
y 

(F
FQ

, 1
38

 it
em

s)
, p

re
ce

di
ng

 m
o

Ye
s (“s
ea

so
ni

ng
s”

)
N

o
U

rin
ar

y 
di

et
ar

y 
ra

tio
 (m

m
ol

); 
m

ea
n 

(S
D

) m
en

 0
.9

7 
(0

.6
6)

, w
om

en
 0

.8
4 

(0
.4

6)
: c

or
re

la
tio

n 
fo

r l
og

 
tr

an
sf

or
m

ed
 d

at
a 

(m
en

 0
.0

9,
 

w
om

en
 0

.1
6)

; a
dj

us
te

db  c
or

re
la

tio
n 

(m
en

 0
.1

4,
 w

om
en

 0
.2

3)

 

Tr
ijs

bu
rg

, 2
01

5/
D

uP
LO

 s
tu

dy
37

19
8

Tw
o 

co
lle

ct
io

ns
, P

A
BA

 u
se

d 
to

 
as

se
ss

 c
om

pl
et

en
es

s
Tw

o 
FF

Q
 (1

80
 it

em
s)

 7
 m

o 
ap

ar
t, 

pa
st

 m
o

N
o

N
o

Bi
as

 (%
) (

re
fe

re
nc

e 
ur

in
e)

: −
41

.6
 

(u
nd

er
es

tim
at

e)
, P

 <
 0

.0
1

 

A
bb

re
vi

at
io

ns
: A

M
PM

, A
ut

om
at

ed
 M

ul
tip

le
-P

as
s M

et
ho

d;
 A

U
C,

 a
re

a 
un

de
r t

he
 c

ur
ve

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; C

SI
RO

, C
om

m
on

w
ea

lth
 S

ci
en

tif
ic

 a
nd

 In
du

st
ria

l R
es

ea
rc

h 
O

rg
an

isa
tio

n;
 E

PI
C,

 E
ur

op
ea

n 
Pr

os
pe

ct
iv

e 
In

ve
st

ig
at

io
n 

In
to

 C
an

ce
r a

nd
 N

ut
rit

io
n;

 F
FQ

, f
oo

d 
fr

eq
ue

nc
y 

qu
es

tio
nn

ai
re

; J
PH

C,
 J

ap
an

 P
ub

lic
 H

ea
lth

 C
en

te
r-

Ba
se

d 
Pr

os
pe

ct
iv

e 
St

ud
y 

on
 C

an
ce

r a
nd

 C
ar

di
ov

as
cu

la
r D

ise
as

es
; N

PA
A

S,
 N

ut
rit

io
n 

an
d 

Ph
ys

ic
al

 
A

ct
iv

ity
 A

ss
es

sm
en

t S
tu

dy
 o

f W
om

en
’s 

H
ea

lth
 In

iti
at

iv
e 

O
bs

er
va

tio
na

l S
tu

dy
; N

/S
, n

ot
 s

ta
te

d;
 O

PE
N

, O
bs

er
vi

ng
 P

ro
te

in
 a

nd
 E

ne
rg

y 
N

ut
rit

io
n;

 P
A

BA
, p

ar
a-

am
in

o 
be

nz
oi

c 
ac

id
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n.
a Co

ns
um

pt
io

n 
es

tim
at

ed
 a

ss
um

in
g 

86
%

 o
f i

ng
es

te
d 

so
di

um
 e

xc
re

te
d 

in
 th

e 
ur

in
e.

b A
dj

us
te

d 
fo

r t
ot

al
 e

ne
rg

y 
in

ta
ke

 a
nd

 u
rin

ar
y 

cr
ea

tin
in

e 
ex

cr
et

io
n.

T
A
B
LE
 1
 

(C
on

tin
ue

d)



     |  1219McLEAN et al.

study reported using the Bland-Altman method to test agreement be-
tween estimates of sodium intake from the FFQ and 24-hour urine. 
Kelly and colleagues31 compared results of a single 24-hour urine col-
lection and a version of the EPIC (European Prospective Investigation 
Into Cancer and Nutrition) FFQ adapted for the Irish population among 
50 volunteers. The mean (standard deviation) difference between the 
two methods was 209 (1205) mg/d and the 95% limits of agreement 
were 2201 (2620) mg/d, indicating poor agreement between the two 

measures. There was no obvious bias at low or high sodium intakes for 
the comparisons (n = 50).

Freedman and colleagues18 reported on a pooled analysis 
from five validation studies: the Nutrition Biomarker Study for the 
Women’s Health Initiative,25,43 the OPEN (Observing Protein and 
Energy Nutrition) study,26 the AMPM (Automated Multiple-Pass 
Method) validation study,27,44 the Energetics Study,28 and the NPAAS 
(Nutrition and Physical Activity Assessment Study of the Women’s 

F IGURE PRISMA flow diagram search strategy. *Some studies included several methods of dietary assessment. FFQ indicates food 
frequency questionnaire
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Health Initiative Observational Study).29,43 None of the FFQs in this 
analysis were sodium specific, and all had limited ability to quantify 
discretionary salt intake. In the pooled analysis, authors report that 
sodium intake assessed by FFQ was on average 30% less than that 
measured in 24-hour urine collections (ranging from an underes-
timate of 2% among women in the Energetics Study, to a 52% un-
derestimate among men in the AMPM study). Bias in sodium density 
(energy adjusted) was more variable, and ranged from an average 
overestimate of approximately 30% in the Energetics Study, and an 
average underestimate of approximately 30% in the AMPM study. 
Underreporting of intake relating to sodium intake was associated 
with high body mass index, lower education, being male, and being 
black. There was a low correlation between the sodium intake as-
sessed by FFQ and urinary sodium excretion of 0.16 (0.17 for men 
and 0.15 for women) in the pooled analysis, although the correlation 
was higher (approximately 0.32) for sodium density. The authors also 
calculated attenuation factors for sodium for each study (Table 1), 
and reported a pooled average attenuation factor of 0.08 (95% confi-
dence interval, 0.04–0.13).18

4  | DISCUSSION

We found poor agreement between dietary sodium estimation by 
FFQ and 24-hour urinary excretion in 18 reported studies. These were 
assessed by several statistical methods including correlation and com-
parison of mean estimates. Reported correlations were generally low 
for studies that compared 24-hour urine with FFQ results. One study 
reported mean differences using the Bland-Altman method; the 95% 
limits of agreement were wide for this study, suggesting poor agree-
ment in individual cases. There was considerable variability between 
studies on methods of data collection, including number of 24-hour 
urine samples collected, assessment of urine for complete collection, 
and FFQ design (length of time assessed and number of items, and as-
sessment of discretionary salt intake). This variation made direct com-
parison of FFQs in this review impractical, suggesting that guidance 
for validation studies of sodium intake assessment is needed.

For epidemiological studies (particularly cohort studies) and clin-
ical trials, where an estimate of individual usual intake is linked with 
clinical outcomes in that individual (even though group level measures 
of association are presented), a high level of measurement validity is 
required. FFQs are widely used because they estimate usual intake 
(over a specified period) in a single encounter. FFQs that assess intake 
over 1 month will account for day-to-day variability but not seasonal 
variation. A questionnaire that asks participants about their intake 
over a 12-month period will account for seasonal variation, but may be 
more prone to recall bias, resulting in a higher degree of measurement 
error.45 Variability in the design of specific FFQs is appropriate, given 
that FFQs need to be relevant to local dietary patterns, habits, and 
food availability and matched to appropriate local food composition 
databases in order to be reliable. The additional benefit of FFQs is that 
they can be used to measure multiple exposures, in the form of nutri-
ents, foods, or dietary patterns, although sodium-specific FFQs have 

been designed.22,24,34 However, based on this review, current FFQs 
are not good measures of usual sodium intake.

Correlations between FFQ and 24-hour urine sodium reported in 
this review were generally low, ranging from those reported as not 
statistically significant24 to 0.36.23 Values of correlation between self-
reported and measured intake <0.4 in nutritional validation studies 
are regarded as “undesirable”18 and such values might be regarded as 
poor according to many interpretations of correlation coefficients,46 
suggesting relatively poor individual-level validity. Mean correlation 
coefficients from a different review of FFQs estimating intakes of 
other nutrients and relevant biomarkers varied between 0.35 (for vi-
tamin A) to 0.54 (for fat).9 Only one study reported using the Bland-
Altman mean difference method to test agreement between the two 
methods.

One study examined the extent to which an FFQ can correctly as-
sign intakes in individuals into groups of higher vs lower sodium,22 and 
one examined results in quintiles.32 In epidemiological studies, valid 
assignment of individuals’ intake to high or low (or groups such as ter-
tiles) may be acceptable if an accurate measure of usual intake is not 
possible. However, it will be important to understand the degree to 
which the FFQ instrument is both reliable and valid in assigning indi-
viduals to appropriate groups in interpretation of results of such stud-
ies. κ is often used to assess the strength of agreement in such studies. 
An alternative approach has been taken by Freedman and colleagues, 
who examined bias in different groups and calculated attenuation fac-
tors for FFQs, which can be used in epidemiological studies to account 
for systematic errors in estimates of sodium intake.18 Attenuation fac-
tors are a way of adjusting relative risk estimates from a cohort study 
(examining the association between nutrient intake and disease out-
comes) to allow for the bias inherent in dietary measurements. This 
bias means that the effect of certain factors is “attenuated,” or made 
closer to 1. The smaller the estimated attenuation factor, the greater 
the bias towards 1 of the relative risk estimate.22 For example, if the 
true relative risk is 2.68 and the attenuation factor is 0.03, the esti-
mated relative risk would be 2.680.03 = 1.03. However, if the true rel-
ative risk is only 1.025 but the attenuation factor is 1.2, the estimated 
relative risk would still be 1.03.16,39 An alternative approach suggested 
by some authors, which has not been tested by any of the studies in 
this review, is to use a combination of biomarkers and a FFQ to op-
timize the validity of assessment; however, this is only useful if the 
FFQ is valid. With this approach, a range of measures could be used to 
estimate usual intake, including 24-hour urine (biomarker), FFQ, and 
possibly anthropometric information.12,47 Further research is needed 
to test the validity and reliability of this method for dietary sodium 
assessment.

Clearly, validation studies of specific FFQ designs to estimate 
sodium intake are essential, and it is important that validation is not 
viewed as a dichotomous outcome. “Validity usually is a matter of de-
gree rather than an all-or-none property, and a validation is an un-
ending process.”48 It is, therefore, not enough to describe an FFQ as 
a “validated questionnaire” but rather a description of the extent to 
which the instrument was found to be reliable or valid. A description 
of the degree to which individuals are correctly assigned to groups of 
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levels of sodium intake is also required if analysis by group is used. We 
recommend greater consistency of methods for validation studies of 
FFQs for sodium intake. A review of published validation studies of 
FFQs in 20049 and an accompanying consensus statement49 include a 
series of recommendations, including that all FFQs should be validated 
for reproducibility and accuracy in a sample of participants from the 
relevant population. The authors recommend that FFQs be compared 
with results from suitable reference methods (such as 24-hour recall or 
diet records or relevant biomarkers), and that multiple days of data col-
lection using the reference method be undertaken over a similar period 
of assessment as the FFQ. They recommend that the Bland-Altman 
method be used to measure agreement between the two methods. 
Correlation is commonly used in this context, but it should be noted 
that it is not a good measure of calibration or agreement, instead it 
measures whether two measures are linearly related. The authors sug-
gest that correlation or regression may be used in conjunction with the 

Bland-Altman method. κ and measures of sensitivity and specificity are 
suggested as appropriate statistical methods if the results of the FFQ 
are to be used as categorical variables.9 With these recommendations 
in mind, we suggest (see Table 2) that for assessment of dietary sodium 
intake, estimates of usual intake from FFQs be compared with results 
from multiple days of 24-hour urine collection (at least two and up to 
seven), over a similar period of assessment as the FFQ. A single 24-
hour urine collection is likely to be inadequate for validation studies 
of FFQs, as at least two or three 24-hour urine collections, preferably 
several months apart, are required to estimate usual intake.7 Twenty-
four-hour urine collections should be assessed for completeness using 
a suitable method (such as PABA).50 We also recommend that the 
Bland-Altman method be used to measure agreement between the 
two methods. Regression and/or correlation may be used to support 
Bland-Altman methods. κ and measures of sensitivity and specificity 
are appropriate if sodium intake is to be reported as a categorical or 
binary variable.9

Validation studies should also report the degree to which mea-
surement error has occurred. The degree to which this measurement 
error is differential (systematic) or nondifferential (random) is import-
ant in the interpretation of epidemiological studies. Nondifferential 
measurement error tends to bias measures of association towards the 
null, resulting in an underestimation of the degree to which sodium 
intake is associated with clinical outcomes. The analysis presented in 
Freedman and colleagues suggests that measurement error was differ-
ential, in that under-reporting of intake relating to sodium intake was 
associated with high body mass index, lower education, being male, 
and being black.18 Other studies have also suggested that dietary as-
sessment by FFQs includes both differential and nondifferential mea-
surement error, resulting in an unclear effect on subsequent measures 
of association.17,51

5  | CONCLUSIONS

Current FFQs should not be used in research to assess sodium intake. 
Our results show generally poor agreement between dietary sodium 
estimation by current FFQs and 24-hour urinary excretion. Such limi-
tations associated with nutritional assessment by FFQ are not unusual 
and have led some to question the ongoing use of FFQs in epidemio-
logical studies.11 Standardization of validation studies for FFQs used 
to assess sodium intake is needed. Repeated 24-hour urine collections 
remain the gold standard for sodium intake assessment.

ACKNOWLEDGMENTS

This research was funded by a grant from the University of 
Otago. The authors would like to thank the members of the TRUE 
Consortium expert committee for helping design the analytic pro-
gram and need for this meta-analysis as well as reviewing and com-
menting on this article. The members of the TRUE sodium expert 
committee are Drs Cheryl Anderson, Larry Appel, JoAnne Arcand, 
Norm Campbell (Chair), Francesco Cappuccio, Mary Cogswell, 

TABLE  2 Recommendations for validation studies of FFQs 
measuring sodium intake based on Cade and colleagues9

Food Frequency Questionnaire

FFQs should be validated in population of interest, with reference 
to regularly updated food composition databases that relate to 
local food supplies

FFQs should include an estimate of discretionary salt used (in 
cooking or at the table)

Reference method: 24-h urine

24-h urinary sodium excretion is the recommended reference 
method

At least two and up to seven 24-h urine collections per participant 
should be collected

Urine collections should be undertaken over a similar period of 
assessment as the FFQ

24-h urine collections should be assessed for completeness using a 
suitable method (such as PABA excretion)

Statistical analysis

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

Group means should be considered for studies where an assess-
ment of population mean is the outcome of interest

For epidemiological studies, Bland-Altman methods should be used 
to assess agreement between sodium estimates from FFQs and 
urinary excretion

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

Relative bias should be considered (eg, at high or low intakes or in 
different population subgroups)

Sample size should be carefully considered–at least 50 to 100 
participants–for each population group has been suggested

Reporting

Details of results of validation studies should be reported in 
utilization studies, rather than describing the FFQ as a “validated 
questionnaire”

Abbreviations: FFQ, food frequency questionnaire; PABA, para-amino 
benzoic acid.
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APPENDIX A:SEARCH TERMS

Aovid Medline 1946 To Present With Daily Update

1.	 .(Dietary sodium.mp or exp Sodium, Dietary/ or Sodium Chloride, 
Dietary/ or Sodium, Dietary/ or Diet, Sodium Restricted/)

2.	 (24 hr* or 24 hour* or 24-hr* or 24 hour*)
3.	 (urin*)
4.	 (Energy Intake/ or Questionnaires/ or Diet Surveys/ or nutrition 

Surveys/ or Diet Records/ or Food Habits/ or Adult/ or Nutrition 
Assessment/ or Diet/ or dietary assessment.mp or Middle Aged/))

5.	 2 and 3
6.	 1 and 5
7.	 4 and 6
8.	 limit 7 to humans

Cinharl Via Ebscohost

1.	 (MH “Diet, Sodium-Restricted”) OR (MH “Sodium Chloride”) OR 
(MH “Dietary Reference Intakes”) OR (MH “Food Intake”) OR 

(MH “Sodium Dietary”) OR (MH “Sodium Chloride Dietary”) OR 
(MH “Nutritional Status: Nutrient Intake (Iowa NOC)”)

2.	 (MH “24-hour Urine Collection”) OR (MH “Urine Specimen 
Collection”)

3.	 (MH “Nutritional Assessment”)
4.	 1 and 2 and 3

Embase Via Ovid
1.	 (dietary sodium.mp or sodium intake/ or sodium chloride/)
2.	 (urine or urinalysis)
3.	 (24 hour.mp or urine/ or 24-hr*.mp or 24 hour*.mp or 24 hr*.mp)
4.	 (dietary assessment.mp or nutritional assessment/ or diet/th [Therapy])
5.	 (sodium urine level/ or kidney/ or sodium excretion/ or sodium 

excretion/ or urine/)
6.	 2 or 3
7.	 1 or 6
8.	 5 or 6
9.	 1 and 8
10.	4 and 9

https://doi.org/10.1111/jch.13148
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Lilacs

1.	 tw: (sodium urine) AND (instance: “regional”) AND (db 
(“LILACS”))

Cochrane Library

1.	 (salt sodium dietary)

Google Scholar

1.	 (salt sodium dietary 24  hour urine)

APPENDIX B
Author: TRUE ConsortiumABCDEFGHIJ

AAmerican Heart Association.
BBritish and Irish Hypertension Society.

CChinese Regional Office of the World Hypertension League.
DHypertension Canada.
EInternational Council of Cardiovascular Prevention and Rehabilitation.
FInternational Society of Hypertension.
GInternational Society of Nephrology.
HPan American Health Organization/World Health Organization 
Technical Advisory Group on Cardiovascular Diseases Prevention 
Through Population Wide Dietary Salt Reduction.
IWorld Hypertension League.
JWorld Stroke Organization.
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