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ABSTRACT
Background

Salt reduction is a public health priority since it is a leading contributor to global disease burden. In
Australia, there is uncertainty about current intake levels and trends in consumption. This review sought
to estimate current intake levels.

Method

Electronic databases MEDLINE via Ovid and EMBASE were searched up to August 2016 to identify
studies that examined salt intake in Australian adults using 24-hour urinary sodium excretion or
dietary assessment methods. Random effects meta-analysis was used to obtain summary estimates.

Results

The review included data from 32 studies, which dated from 1989 to 2015, and included 16836
individuals. Mean weighted salt consumption measured by 24-hour urine collections was 8.7g/day
(95% Cl 8.39-9.02). Further adjustment for non-urinary loses makes the best estimate of salt intake
for Australia 9.6g/day. Subgroup analysis by sex showed that mean weighted intake in males was
10.07g/day (95% Cl 9.68-10.46g/day) and 7.34g/day (95% Cl 6.98-7.70g/day) in females. When salt
intake was measured by self-reported intake mean weighted consumption was 6.49g/day (95% ClI
5.94-7.03g/day;) when diet diaries were used, 6.76g/day (95% Cl 5.48-8.05g/day) when food
frequency questionnaires were used and 6.69g/day (95% Cl 6.30-7.08) when dietary recalls were used.
There was no evidence of a decrease in salt intake over time (p=0.XX).

Conclusion

Salt intake in Australian adults is likely to be well above the World Health Organization’s
recommended maximum of 5g/day and does not appear to be falling. These data highlight the need

for ongoing action on salt reduction in Australia.
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INTRODUCTION
Despite steady improvement over the last three decades, cardiovascular disease remains the leading

cause of death in Australia (1) and around the world (2). High dietary salt intake raises blood pressure,
which increases the risk of cardiovascular disease (3). The World Health Organization recommends a
maximum salt intake of 5g/day (4). However, in most countries salt intake levels far exceed this, and
average salt intake worldwide is estimated to be 10g/day (5). Since population salt reduction is
projected to be one of the most cost effective strategies to reduce rates of premature death and
disability due to high blood pressure and vascular disease (6), all Member States of the World Health

Organization have agreed to a global target to reduce mean population salt intake by 30% by 2025 (7).

Surveillance is a key component of salt reduction strategies (8). A recent review of salt reduction in
Australia found that a number of activities are currently being implemented but additional efforts and
more robust national monitoring mechanisms are required (9). To date, the only nationally
representative survey of Australian adults suggested that average salt consumption was 6.2g/day (10).
This survey used 24-hour dietary recalls and is likely to be an under-estimation of salt intake because
incomplete reporting is a well described limitation of this assessment method (11, 12). Other ways of
estimating salt intake include: food frequency questionnaires (FFQ), multiple dietary recalls and urine
collections including spot, timed and 24-hour assessments. The measurement of 24-hour urinary
sodium excretion is considered the ‘gold standard’ because approximately 90% of ingested salt is
excreted in the urine (13). However, 24-hour urine collections are burdensome for participants to
complete and therefore response rates are typically low (13). In addition, incomplete sample
collection and cost can impact upon utility and as a consequence 24-hour urine collections are often

not used in large population studies (14).

Australia has over the last few years implemented a number of programs targeting dietary salt intake

but there has been no corresponding robust assessment of national intake levels against which success



or failure can be quantified. We undertook this systematic review and meta-analysis to obtain the best

possible estimate of mean population salt consumption in Australian adults using all available data.

METHODS
Search strategy

A systematic search of peer-reviewed, published articles was performed to identify articles that
reported, salt/sodium consumption obtained with 24-hour urine collections and/or dietary
guestionnaire methods in Australian adults aged 18 years and older. All articles published before
August 2016 were included. Relevant articles were identified by searching MEDLINE via Ovid and
EMBASE using relevant search words sodium or salt and Australia (supplementary material).
Reference lists from identified articles were manually scanned to identify any other relevant articles.
National experts were also consulted to identify additional research that may have been overlooked

through the literature search.

Inclusion and Exclusion Criteria

Included studies reported mean/median sodium consumption in Australian adults (+18 years). Where
data were extracted from intervention studies only baseline data were included. The primary analyses
were based on data from 24-hour urine samples. Where a study reported both urinary analysis and
dietary methods, all the results were included in the systematic review. There were no exclusion
criteria based on date of publication, language, age, sex, study design or sample size. In addition, all

studies were included regardless of the representativeness of the sample.

Data Extraction

The following study characteristics were extracted from each paper: population type, salt intake
assessment method, sample size, sex, mean age, mean body mass index (BMI), study location, mean
salt intake (standard deviation). If sodium intake (mg/d) was reported, it was converted to salt (g/d)

by dividing by 1000 and multiplying by 2.54. Titles and abstracts of retrieved articles were



independently evaluated by two investigators (M-A.Land C.J). Reviewers were not blinded to authors,
institutions, or manuscript journals. Abstracts that did not provide enough information regarding the
inclusion and exclusion criteria were retrieved for full-text evaluation. Reviewers independently
evaluated full-text articles and determined study eligibility. Disagreements were solved by consensus
and if disagreement persisted, by a third reviewer (K.S.P). To avoid possible double counting of
patients included in more than one report by the same authors or working groups, patient recruitment
periods were evaluated and if necessary, authors were contacted for clarification. Furthermore, the
corresponding author was contacted as needed to obtain data not included in the published report.
Outcomes

The primary analyses were based on salt intake measured by 24-hour urine collections. Subgroup
analyses were conducted to determine differences in salt intake by sex, and population type. In
addition, the association between salt intake, and age, publication date, and BMI was investigated.
Secondary analyses were conducted to determine mean salt consumption estimated by dietary

assessment methods.

Data Analysis

In the primary analysis, mean salt intake (95% confidence interval) was estimated based on 24-hour
urine collections using inverse variance random effects meta-analysis. In the secondary analyses,
mean salt intake was estimated based on dietary questionnaires. Where a study reported salt intake
measured using a 24-hour urine collection and dietary methods, the results of the 24-hour urine
collection were used in the primary analyses and data from the dietary analyses were also included in
the subgroup analysis for measurement method. The I statistic was used to explore the percentage
of variability due to heterogeneity between studies rather than sampling error. To explore sources of
heterogeneity subgroup analyses were performed for method of salt intake measurement, sex (male,
female, mixed) and health status. Random effects meta-regression was performed to determine the

relationship between salt intake and mean BMI, mean age cohort and year of publication. Sensitivity



analyses were conducted to determine if removal of any individual study altered estimated mean
intake. The risk of publication bias was assessed by examination of a funnel plot of salt intake against
the standard error of salt intake. Statistical analysis was completed using Stata (StataCorp, version 13,

USA). P values of <0.05 were considered unlikely to have arisen by chance.

RESULTS
Data from 30 studies and 2 unpublished datasets were included in this meta-analysis (Figure 1).

Characteristics of these studies and datasets are included in Table 1. Salt intake was measured by 24-
hour urine collections in 26 studies, six studies used FFQs, five studies used dietary recalls and eight
studies used dietary diaries. Of the 26 studies that measured salt intake using a 24-hour urine
collection 10 also measured salt intake using a dietary questionnaire or diary. These studies were
conducted between 1989 and 2015, and included random or volunteer general population samples,
as well as populations with specific disease states including hypertension, metabolic syndrome and

type 1 or type 2 diabetes.

The analysis of salt intake measured by 24-hour urine collection included data from 3896 individuals.
Mean weighted salt intake was 8.7g/day (95% Cl 8.39-9.02; t°=0.55; I’>= 91.3% p<0.001) (Figure 2).
Inflation of salt intake by 10% to account for known non-urinary sodium excretion provides a best
estimate of daily salt intake of 9.6g/day (15). Removal of each individual study did not substantially
alter the mean estimate. Mean weighted intake in males was 10.07g/day (95% Cl 9.68-10.46g/day;
12=0.32; 1>=72.4% p<0.001; 13 studies n=1381) and in females was 7.34g/day (95% Cl 6.98-7.70g/day;
12=0.40; 1>=81.5% p<0.001; 16 studies n= 1708) (Figure 3). Analysis according to the health status of
the sampled population showed weighted mean salt intake was 8.36g/day (95% ClI 7.95-8.77g/day;
2= 0.58; 1= 89.3% p<0.001; 15 studies n=2956) in random or volunteer populations, 8.82g/day (95%
Cl 7.88-9.77; 1= 1.11; 1>= 91.7% p<0.001; 6 studies n=486) in individuals with hypertension, 9.66g/day

(95% C19.07-10.26; t>=0.20; I>= 54% p=0.09; 4 studies n=355) ) in those with type 1 or type 2 diabetes,



and 10.40g/day (95% ClI 8.96-11.84g/day; 12=0.64; 1>=56.5%; p=0.13; 1 study n=99) in subjects with

metabolic syndrome (Figure 3).

The secondary analyses showed that salt intake was 6.49g/day (95% Cl 5.94-7.03g/day; 12=0.55; I>=
87.2% p<0.001; 8 studies n= 503) when intake was measured using a diet diary, 6.75g/day (95% ClI
5.48-8.05g/day; 12=2.5; 1°’=96.9% p<0.001; 6 studies n=504) when a FFQ was used and 6.69g/day (95%
Cl 6.30-7.08g/day; 12=0.21; 1>=85.9 p<0.001; 5 studies n=12830) when a 24-hour recall was used

(Figure 3).

Meta-regression showed salt intake measured by 24-hour urine collections was significantly
associated with BMI (supplementary material) but there was no association with either year of
publication or mean age of the cohort. Examination of the funnel plot showed some evidence of

publication bias (supplementary material).

DISCUSSION
These analyses show that salt consumption in Australian adults is well above the recommended

maximum of 5g/day. While variation existed in the salt intake estimates based on the method used to
measure consumption, all estimates were in excess of the World Health Organization’s recommended
maximum. Our best estimate of 9.6g/day, which is based on 24-hour urine collections after inflation
for non-urinary sodium loses is almost double the recommended maximum. The subgroup analysis by
sex showed that mean weighted intake in males was 10.07g/day and 7.34g/day in females, which
would be anticipated based on known lesser caloric intake in females. These data reinforce the need

for implementation of salt reduction strategies in Australia.

Salt reduction has been on the agenda in Australia for many years although it is unclear what impact

these strategies have had due to the lack of population monitoring of salt intake in Australia (9). The



Australian Health Survey conducted in 2011-12 has been the only attempt to measure salt intake in a
large representative sample of the population, albeit using 24-hour dietary recalls. In this meta-
analysis we did not observe any relationship between publication date and salt intake, suggesting
there has been no change in consumption since 1989. However, this analysis of change over time is
limited by the data available which are not based on repeat representative samples of the population
and it is possible that real temporal changes in salt intake could have been concealed as a

consequence.

Significant variation existed in the salt intake estimates made by the individual studies included but
the significance of this heterogeneity is limited because the prediction interval (16) suggests that salt
intake lies between 7.22 and 12.9g/day. Even the lower end of this range is well in excess of the World
Health Organization’s recommended maximum providing for a high likelihood that salt intake in
Australia is excessive and needs to be reduced. This heterogeneity is not unexpected due to the
between study variation in sample characteristics, methods used to measure salt intake and study
design. Salt intake is known to vary significantly with characteristics such as age, BMI, and disease
state and in meta-analysis based on aggregate data it is not possible to effectively control for such
factors. The meta-regression analysis showed a relationship between BMI and salt intake, which is
expected based on the relationship between caloric intake and salt intake. However, no relationship

was observed between salt intake and age.

A review conducted in 2015 showed that the majority of salt reduction efforts in Australia have been
led by non-government organisations and there is a need for stronger government intervention (9).
One of the key Federal Government Initiatives was The Food and Health Dialogue introduced in 2009.
As part of this initiative voluntary salt reduction targets were set for a number of food categories.
These targets resulted in appreciable reductions in sodium content of breads (9%, 39mg/100g), ready-

to-eat breakfast cereals (25%, 79mg/100g) and processed meats (8%, 101mg/100g) (17). The Food



and Health Dialogue has now been replaced by The Healthy Food Partnership and at present it is
unclear what the objectives of this initiative will be. However, the results of the present meta-analysis

show that salt reduction should remain a priority.

Worldwide the United Kingdom (UK) has implemented one of the most successful salt reduction
strategies, which has had a significant impact on population consumption levels. Salt intake in the UK
decreased from 9.5g/day in 2001 to 8.6g/day in 2008, and by a further 0.5g (6%) to 8.1g/day in 2011
(18). It has been estimated that the salt reduction campaign in the UK cost £15 million to implement
but every year there are 9,000 fewer cardiovascular deaths and a cost saving of £1.5 billion as a result
(19). In Australia, a community-based salt reduction intervention in a rural population showed that
reducing population salt intake is possible using a multifaceted approach, which included education,
community engagement, a smartphone application, provision of salt substitute and advertising. Salt
intake was reduced by 0.8g/day between 2011 and 2014 in that study (20). The study provides a
framework for implementation of a community based salt reduction strategy, however it is unlikely
this type of intervention could be scaled throughout Australia and alternative approaches will be

required.

In this study, there was considerable variation in salt intake estimates based on the measurement
method. Estimates based on diet diaries (-2.21g/day), FFQs (-1.94g/day) and dietary recalls (-
2.01g/day) were substantially lower than salt intake estimated using 24-hour urine collections. This is
consistent with previous research, which documents under-reporting of salt intake when dietary
survey methods are used (11). Salt intake is highly correlated with total energy intake, and under-
reporting of energy intake is common and has been shown to be greater for those with higher body
mass index (21, 22). There are also challenges relating to the quantification of dietary sodium in
recipes for both processed and home-cooked foods, and discretionary salt use. These factors are

difficult to overcome and therefore if dietary methods are used to estimate salt intake then the results



of this meta-analysis suggest that 24-hour urine samples should be completed in a sub-sample to
enable calibration. Further, this research highlights the need for careful interpretation of results when

using different methodologies for assessing salt intake.

This meta-analysis comprises the first effort to combine all of the salt consumption data collected in
Australia to estimate population consumption. While this is a novel investigation, these analyses are
limited by the significant heterogeneity observed between the studies. In addition, most of the
included studies had small sample sizes. In addition, the majority of studies had criteria for excluding
incomplete 24-hour urine collections or implausible dietary intake data, although these were not

consistent across the studies

CONCLUSION
This systematic review and meta-analysis shows that salt consumption in Australian adults is almost

certainly well above the World Health Organization’s recommended maximum of 5g/day, reaffirming
the need for action on salt reduction in Australia. It also highlights the need for systematic,
standardised and repeated assessments of a national sample to determine whether implemented

programs are achieving the 30% reduction targeted.
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TABLE 1: SALT INTAKE IN THE AUSTRALIAN ADULT POPULATION FROM 1989 TO 2015.

Author

Year of
publicati
on

Method of
assessment

Population

n

%
mal

Stat

Salt g/d (MeanSD)

All Males

Female
s

Mea
n age
(year

s)

Mean
BMI

(kg/m

Chalmers (23)

Beard (24)

Beard (25)

Jones (26)

Bao (27)

Mori (28)

Hodge (29)

Nowson (30)

1989

1992

1997

1997

1998

1999

2000

2003

24-hour urine

24-hour urine

24-hour urine

24-hour urine

24-hour urine

3-day diet diary

24-hour urine

3-day diet diary

7-day diet diary
FFQ

24-hour urine

Diastolic
blood
pressure 90-
100mmHg
Random
sample
Random
sample
Random and
volunteer
sample
Overweight
non-smoking
men and
postmenopa
usal women,
taking
antihyperten
sive
medication
23 months
Mildly
hyperlipidae
mic
volunteers

Iron deficient
volunteers
Twins

(normotensiv
e and

108

54

194

154

63

56

63

108

83

41

45

22

67

100

41

NSW

TAS

TAS

TAS

WA

WA

VIC

VIC

8.4+2.7 9.943.0

10.7+2.
3C

10.5+8.
OC

10.2+4. 10.2+4.
2¢ 2¢
8.610.6 8.6%0.6

5.9+1.4
5.4£1.6

8.1+3.1 -

6.9£2.5

8.6+3.2

C

5.9+1.4
5.4+1.6

58.4

511

48.8

333

47

31.6

28.8

26.1




Nowson (31)

Ward (32)

Hodgson (33)

Margerison (34)

Brinkworth (35)

Keogh (36)

Dickinson (37)

Nowson (38)

2004

2004

2006

2006

2008

2008

2009

2009

24-hour urine

24-hour urine

24-hour urine

24-hour urine

24-hour dietary
recall

24-hour urine

24-hour urine

24-hour urine

24-hour urine

hypertensive
)

Treated
hyper and
normotensiv
e volunteers
Untreated
hypertensive
and 66
normotensiv
e volunteers
Hypertensive
volunteers

94

60
144
Healthy

volunteers

Overweight

and obese 208
volunteers
Overweight

and obese
volunteers

with 21

additional

risk factor for
metabolic
syndrome
Overweight

and obese 29
volunteers

Post-

menopausal
women with
normal to

high blood
pressure

99

60

56

63
55

33

24

VIC

WA

WA

VIC

SA

SA

SA

VIC

8.8+2.9

11.347.
5C

9.7+3.9

8.613.2

8.6+4.5

11.345.

9.843.7

9.0+4.0

6.3+3.4

9.9+2.8 7.0+2.9

8.0+3.3 6.2+0.9

10.6+5. 7.913.6
5C c

55.6

54.1

58.5

55.2

52.4

50

52.7

59.2

29.0

26.7

27.7

29.2

33.6

33.7

31.6

29.6




Lassale (39)

Ekinci (40)

Charlton (41)

Ireland (42)

Keogh (43)

Huggins (44)

Villani (45)

Australian Bureau of Statistics [Australian Health

Survey] (46)

Petersen (47)

Land (48)

2009

2010

2010

2010

2010

2011

2012

2011-12

2013

2014

24-hour urine
4-day diet diary
FFQ

24-hour urine

24-hour urine
3-day diet diary
24-hour urine

24-hour dietary
recall

FFQ 1¢
FFQ 2
24-hour urine

24-hour urine

4-day diet diary
24-hour dietary
recall

24-hour urine

24-hour dietary
recall

24-hour urine

Healthy
volunteers

Patients with
Type 2
diabetes
attending an
outpatient
clinic
Healthy
volunteers

Healthy
volunteers

Healthy
volunteers

Random
sample
Overweight
and obese
volunteers
with type 2
diabetes
Random
sample

Volunteers
with type 2
diabetes

62

122

76

43

159

783

88

1215

419

52

23

100

48

59

47

63

45

SA

VIC

NSW

SA

SA

VIC

SA

ALL

SA

NSW

7.4£2.5
6.3%1.7
7.6£3.0

10.143.

6.5+2.7

6.9t4.4
7.313.0

7.9£2.6

9.4+3.4

7.8%3.2

9.143.7

o

9.843.3

6.0£3.4

9.9+4.6

7.0£3.2

8.843.6

9.943.1

7.2+3.8
9.4+1.8
8.7+3.9
7.2+2.8
9.4+3.4

c

7.843.2

c

10.443.
8C
11.444.
4

7.211.6

6.813.8
11.0+4.

7.3%¥2.7
10.2+3.

7.4£2.5
6.0+1.7
7.613.0

8.313.0

6.5+2.7

6.9t4.4

6.913.0
7.0+2.4
7.0+4.2
7.8+3.8

7.842.9
o}

8.4+2.4
5.8+1.3

5.2+2.9
7.413.6
6.3+2.7

7.613.0

49.2

68.6

38.3

56

55

63

55

27.6

304

24.0

27.4

28.4

34,5
F=35.

25.7

341

29.3




Unpublished

Blanch (49)

Turner (50)

Nowson (51)

Petersen (52)

Petersen (53)

2014

2015

2015

2015

2015

24-hour dietary
recall

FFQ

24-hour urine
3-day diet diary

24-hour urine

24-hour dietary
recall

24-hour urine
3-day diet diary

FFQ

FFQ

Random and
volunteer
sampling
Healthy
volunteers
Volunteers
with coeliac
disease

Random
sample

Volunteers
with type 1
and type 2
diabetes

Volunteers
with type 1
and type 2
diabetes

412

28

598

67

118

44

26

46

57

63

SA

SA

VIC

SA

SA

6.5+2.9 7.5#3.1

5.612.1 -
6.31£3.0 -
5.0+1.7 -

8.1+3.1 9.2+2.6
6.813.1 6.143.2
¢ c

8.6t4.1 9.0+4.0
6.3+2.9 7.043.2

6.2+2.5 6.4+2.3

6.4+2.9 7.243.1

5.6+2.4
- 31
6.3+3.0
51
5.0+1.7
6.712.7
7.743.3 57
8(2
8.1+4.2
5.3+2.2 &g
6.0+2.8
5.1+1.7 575

21.7

25

26.6

31

32.6

aNSW- New South Wales, SA — South Australia, TAS — Tasmania, VIC —Victoria, WA — Western Australia; PALL States includes those listed in addition to ACT- Australian Capital Territory, NT —
Northern Territory and QLD — Queensland; Calculated standard deviation; Conversion of mmol sodium to g/day salt = mmol x23 =sodium mg /1000 x 2.54
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Full-text articles included

(n=30)
Unpublished data (n=2)
©
S
B v vV
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Flow
Diagram showing inclusion and exclusion of identified papers (54).



Year of Population %
Author publication MName n ES (95% CI) Weight
Chalmers 1989 Hypertensive 10(4 . 8.10 (8.02, 8.18) 463
Beard 1992 Random or volunteer sample 54 —— 8.30 (7.07,9.53) 2.7
Beard 1997 Random or volunteer sample 194 - 8.40 (8.02, B.78) 4.34
Jones 1997 Random or volunteer sample 34 —_—— 10.70 (9.93, 11.47) 362
Jones 1997 Random or volunteer sample 120} —t— 8.60 (8.03,917) 4.02
Bao 1998 Hypertensive 63 —— 10.50 (8.52, 12.48) 163
Mori 1999 Random or volunteer sample 56 —— 10.20 (9.10, 11.30) 295
Nowson 2003 Random or volunteer sample 10§ —— 8.10 (7.52, 8.68) 399
Nowson 2004 Hypertensive 94 —_— 8.80 (8.21,9.39) 399
Ward 2004 Hypertensive 66 e ] 11.30 (9.54, 13.06) 1.88
Hodgson 2006 Hypertensive 60 e 9.70 (8.71,1069) 3.18
Margerison 2006 Random or volunteer sample 144 —— 8.60 (8.08, 9.12) 411
Brinkworth 2008 Random or volunteer sample 20§ —— 8.60 (7.99,9.21) 395
Keogh 2008 Metabolic Syndrome 47 —— 11.30 (9.64, 12.96) 2.02
Keogh 2008 Metabolic Syndrome 52 —— 9.80 (8.79,10.81) 3.14
Dickinson 2009 Random or volunteer sample 29 —— 9.00 (7.54,10.46) 2.32
Nowson 2009 Hypertensive 95 —— 6.30 (5.61, 6.99) 379
Lassale 2009 Random or volunteer sample 62 —— 7.40(6.78, 8.02) 3.92
Ekinci 2010 Type 1 or Type 2 Diabetes 129 —t— 10.10 (9.46, 10.74) 3.89
Charlton 2010 Random or volunteer sample 76 —— 6.50 (5.89, 7.11) 3.95
Ireland 2010 Random or volunteer sample 22 —— 7.30 (6.05, 8.55) 2.66
Ireland 2010 Random or volunteer sample 21 i 7.90 (6.79,9.01) 293
Huggins 2011 Random or volunteer sample 783 - 9.10 (8.84, 9.36) 4.50
Villani 2012 Type 1 or Type 2 Diabetes 88 —— 9.80 (9.11,10.49) 3.79
Petersen 2013 Type 1 or Type 2 Diabetes 78 —— 0.00 (8.88,10.92) 3.1
Land 2014 Random or volunteer sample 419 - 8.80 (8.46, 9.14) 4.39
Turner 2015 Random or volunteer sample 28 —_—— 6.30 (5.19, 7.41) 2.93
Nowson 2015 Random or volunteer sample 59§ - 8.10 (7.85, 8.35) 4.51
Petersen 2015 Type 1 or Type 2 Diabetes 67 —— 8.60 (7.62, 9.58) 3.19
Overall (l-squared = 91.3%, p = 0.000) 0 8.70 (8.39,9.02) 100.00
NOTE: Weights are from random effects analysis
| | | | |
0 6 8 10 12 14

Saltintake g/d

Figure 2: Random effects meta-analysis of overall salt intake, measured by 24-hour urine

collection only, in Australia from 1989 until 2015
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Figure 3: Summary of random effects meta-analysis of salt intake, by measurement method, population and sex
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Figure 2: Random effects meta-regression of BMI and salt intake measured by 24-hour urine collections



