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Background: Sodium intake is high in people with type 2 diabetes (T2DM). The aim of this study was to
investigate whether urinary sodium excretion can be reduced by educating people with T2DM to read
food labels and choose low sodium products.
Method: In a 3 month randomised controlled trial, 78 men (n = 49) and women (n = 29) with T2DM were
recruited from a Diabetes Centre at a University teaching hospital. The intervention group was educated
in a single session to use the nutrition information panel on food labels to choose products which com-
plied with the Food Standards Australia New Zealand (FSANZ) guideline of <120 mg sodium/100 g food.
The control group continued on their usual diet. The primary outcome measure was 24 h urinary sodium
excretion which was performed at baseline and 3 months. Data was analysed using repeated measures
analysis of variance, independent samples t-test and Pearson’s correlations.
Results: At 3 months mean urinary sodium excretion was unchanged in the intervention (174 ± 13 mmol/
24 h and 175 ± 13 mmol/24 h) and control group (167 ± 15 mmol/24 h and 161 ± 13 mmol/24 h), and
there was no between group difference (p > 0.05).
Conclusion: Sodium excretion was not reduced following the label reading education provided to this
group of people with T2DM.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Type 2 diabetes (T2DM), which is growing in prevalence world-
wide, increases the risk of developing cardiovascular disease (CVD)
(Booth, Kapral, Fung, & Tu, 2006; Lee, Cheung, Cape, & Zinman,
2000). Hypertension, a risk factor for CVD, affects up to 70% of indi-
viduals with T2DM (Gomes et al., 2009). Hypertension has a signif-
icant effect accounting for 35–75% of diabetic complications
(Feldstein, 2002). A modest reduction in sodium intake of 74–
78 mmol/24 h (approximately 1700–1800 mg) can lower blood
pressure in both hypertensive (systolic blood pressure
�4.97 mmHg, diastolic blood pressure �2.74 mmHg) and normo-
tensive individuals (systolic blood pressure �2.03 mmHg, diastolic
blood pressure �0.99 mmHg) (He & MacGregor, 2004). Sodium
reduction can effectively reduce blood pressure in people with
T2DM as shown when a reduction in dietary sodium intake of
60 mmol/day reduced systolic blood pressure by 12 mmHg
(Dodson et al., 1989).

Recent Australian studies show that sodium excretion is high in
people with T2DM attending a specialist diabetes clinic and in
overweight study participants (Ekinci et al., 2010; Villani, Clifton, &
Keogh, 2012). Thus sodium reduction presents an opportunity for
people with T2DM to reduce their blood pressure using a dietary
approach.

The aim of this study was to investigate whether urinary so-
dium excretion could be reduced by educating people with
T2DM to read food labels and choose products with a low sodium
content. Secondary aims were to determine whether blood pres-
sure medications could be reduced in participants on antihyper-
tensive medications and if blood pressure could be reduced in
participants not on these medications and to understand partici-
pants’ experiences of the intervention. It was hypothesised that
the education provided would enable participants with T2DM to
modestly reduce their sodium intake (20%) which may have a
favourable effect on blood pressure.
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Materials and methods

Participants and recruitment

Eligible participants were adults (>18 years) diagnosed with
T2DM. There were no inclusion/exclusion criteria for blood pres-
sure or baseline urinary sodium excretion. Those diagnosed with
a medical condition affecting sodium fluid balance were excluded.
Individuals prescribed diuretics were eligible for inclusion as treat-
ment with thiazide diuretics for >4 weeks does not affect urinary
sodium excretion (Ekinci et al., 2009).

Seventy-eight people, diagnosed with T2DM, were recruited
from the Diabetes Centre at the Royal Adelaide Hospital, during
July–December 2011. Potential participants were approached by
study personnel, the response rate was not recorded. Participants
were enrolled in the study by one of two study personnel and ran-
domised to one of two parallel groups after enrolment. A random
allocation sequence was generated in blocks of four, to ensure an
equal allocation ratio. Study personnel were not blinded to the par-
ticipant’s randomisation. Written informed consent was obtained
from the participants and the study was approved by Royal
Adelaide Hospital Human Research Ethics Committee and the
University of South Australia Human Research Ethics Committee.
The trial was registered with the Australian New Zealand Clinical
Trials Registry (ACTRN12611000348954).

Study design

This was a 3 month randomised controlled study. All partici-
pants completed a 24 h urine sample, for measurement of urinary
sodium, potassium and creatinine, prior to attending the baseline
visit and were unaware of the results until their 3 month follow-
up appointment. All self-reported information and measurements
were taken by one of two study personnel. Outcome measures
were recorded at 0 and 3 months.

Dietary education

The dietary education which focussed on label reading was pro-
vided to participants individually in a single 10–15 min session by
study personnel. Participants were educated to identify foods, using
the nutrition information panel, complying with the Food Standards
Australia New Zealand (FSANZ) sodium guideline of less than
120 mg per 100 g food. A booklet, developed by a qualified dietitian,
based on experiences from a previous study (Ireland, Clifton, &
Keogh, 2010) was used in the education session and included colour
images of currently available low sodium processed food products as
well as general salt reduction guidelines. As there was no low so-
dium bread available on the market the brand of bread with lowest
sodium content was recommended (280 mg sodium/100 g). Food
packages of products meeting the FSANZ guideline were used during
the education session to enable participants to practice their label
reading skills and demonstrate their understanding of the informa-
tion provided. The control group (n = 39) continued on their usual
diet without any extra dietary advice.

Outcome measures

Sodium, potassium and creatinine were measured in a 24 h ur-
ine sample at 0 and 3 months. All biochemical analyses were per-
formed at the Institute of Medical and Veterinary Sciences
Adelaide, South Australia, a certified commercial laboratory. The
total volume of the urine sample was measured. Aliquots were ta-
ken and sodium and potassium concentrations were measured
using ion-selective electrodes. Creatinine was measured using
the Jaffe reaction. Completeness of the samples was assessed by
urinary creatinine excretion. Samples with a urinary creatinine
excretion below 6 mmol/24 h for women and 8.8 mmol/24 h for
men were considered incomplete as this is the lower limit of the
laboratory’s reference range.

Weight was measured at 0 and 3 months using a calibrated
electronic scale (Avery Berkel HL 122, Selacs Pty Ltd, Adelaide,
2002) while the participants were in light clothing. Height was
measured to the nearest 0.1 cm with a stadiometer at baseline.
Body mass index (BMI) was calculated as kg/m2.

Participants self-reported all prescribed medications, including
anti-hypertensive drugs at baseline. At 3 months any changes in
prescribed medications or doses were reported by the participants.

Clinic blood pressure was measured at 0 and 3 months using an
Ambulatory Blood Pressure Monitor (Meditech Ltd., Hungary, 2003)
once the participant had been seated for 5 min. Four consecutive
readings were taken, the first reading was discarded and the mean
of the following three measurements was taken. Blood pressure
was re-measured when readings differed by greater than 10 mmHg
systolic blood pressure. Blood pressure was measured on the same
arm at 0 and 3 months and in the same manner across subjects.

A 24 h recall was completed at 0 and 3 months and analysed
using a computerised database of Australian foods (Foodworks
Professional Edition, Version 6, Xyris Software 2009, High gate Hill,
Australia). Participants in the intervention group completed a self-
administered questionnaire regarding their experiences of sodium
reduction, based on a previous questionnaire (Ireland et al., 2010).
Participants were asked to indicate on a 5 point Likert scale the ex-
tent to which they adhered to the program (‘‘none of the foods I ate
met the requirements’’ to ‘‘all the foods I ate met the require-
ments’’) and how they found particular aspects of the program
including shopping, eating out and reading labels (‘‘extremely
hard’’ to ‘‘very easy’’). Participants were also asked to rate the
availability of low salt products (‘‘very poor’’ to ‘‘very good) and
the taste of low salt products (‘‘very bad’’ to ‘‘very good’’). Qualita-
tive data was not collected from the controls.

Data analysis

Based on previous studies (Ireland et al., 2010; Villani et al.,
2012) it was estimated that 60 participants (30/group) were re-
quired for 80% power to detect a 35 mmol/24 h difference in so-
dium excretion between groups. Independent samples t-test was
used to detect between group differences at baseline. Repeated
measures analysis of variance was used to determine changes in
outcome measures with time as the within-subject factor and
group as the between subject factor. Pearson’s correlations were
performed. Descriptive data about study participants is presented
as the mean ± standard deviation and outcome data is presented
as the mean ± standard error of the mean. Analysis was performed
with SPSS for Windows (SPSS Version 19.0, SPSS Inc., Chicago, IL,
2010). Significance was set at p < 0.05. All tests were two tailed.

Results

Thirty-nine participants in the intervention group (mean age
62.9 ± 10.8 years; 26 men, 13 women) and 39 in the control group
(mean age 61.6 ± 10.8 years; 23 men, 16 women) commenced the
study. Thirty-eight participants (49%) were using oral hypoglycae-
mic agents and insulin concurrently to treat their T2DM and 59
(76%) were taking one or more anti-hypertensive medications.
Median glycosylated haemoglobin type A1c (HbA1c) at baseline
was 8.1 ± 1.7% (65 mmol/mol) and mean reported time since
T2DM diagnosis was 13.5 ± 7.9 years.

At baseline sodium excretion was 188 ± 75 mmol/24 h
(4255 ± 1725 mg/24 h) in men and 127 ± 62 mmol/24 h (2921 ±
1426 mg/24 h) in women. Six participants (men n = 2; women n = 4)
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Fig. 1. Consort diagram.
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had a sodium excretion less than or equal to the National Health and
Medical Research Council’s (NHMRC) Suggested Dietary Target for so-
dium of 70 mmol/24 h (1610 mg/24 h) and 18 participants (men n = 6;
women n = 12) had a sodium excretion equal to or less than the
NHMRC’s Upper Level of 100 mmol/24 h (2300 mg/24 h).

At baseline reported sodium intake was 2714 ± 1279 mg/day.
Total energy intake was 8148 ± 3583 kJ/day in the intervention
group and 8237 ± 2808 kJ/day in the control group. Energy intake
and reported sodium intake were correlated after adjustment for
BMI and sex (r = 0.63 p < 0.05). Figure 2 shows the percentage con-
tribution of individual foods and food groups to total sodium in-
take. The largest contributor to sodium intake was condiments,
Fig. 2. The percentage contribution to total sodium intake of indiv
sauces, and stock (16.2%), followed by bread (14.2%) and processed
meat (13.6%).

Mean blood pressure was 142/76 ± 15/10 mmHg. Six partici-
pants had a blood pressure <130/90 mmHg and were not taking
anti-hypertensive medication. Thirteen participants had a blood
pressure >130/90 mmHg and were not taking anti-hypertensive
medication. There was no difference between the groups at
baseline.

Participant flow during the study is shown in Fig. 1. Sixty-six
participants were followed up at 3 months. A complete set of uri-
nary measures at baseline and 3 months was available for 63 par-
ticipants. Six participants did not have a complete urine sample (at
idual foods and food groups from the 24 h recall at baseline.



Table 1
Change in urinary, blood pressure and anthropometric measures after 3 months, by group in a 3 month randomised control trial of adults with T2DM.

Variable Groups

Intervention Control

n Baseline 3 months Change^ n Baseline 3 months Change^ p*

Weight (kg) 30 106.6 ± 4.2 106.5 ± 4.2 �0.1 ± 0.56 35 94.9 ± 3.4 93.9 ± 3.4 �1.0 ± 0.5 0.29
Body mass index (kg/m2) 30 36.1 ± 1.4 36.1 ± 1.4 0.0 ± 0.19 35 32.6 ± 1.2 32.2 ± 1.2 �0.4 ± 0.2 0.24
Urinary sodium excretion 29 34 0.74
mmol/24 h 174 ± 13 175 ± 13 1 ± 15 167 ± 15 161 ± 13 �6 ± 14
mg/24 h 4002 ± 299 4025 ± 299 23 ± 345 3841 + 345 3703 ± 299 138 ± 322
Reported dietary sodium intake (mg/24 h) 31 2479 ± 190 2416 ± 181 �63 ± 249 35 2941 ± 237 2240 ± 149 �701 ± 190 0.04
Urinary potassium excretion 29 34 0.75
mmol/24 h 79 ± 5 85 ± 5 6 ± 5 77 ± 5 80 ± 5 3 ± 5
mg/24 h 3081 ± 195 3315 ± 195 234 ± 195 3003 ± 195 3120 ± 195 117 ± 195
Urinary creatinine excretion mmol/24 h 29 12.9 ± 0.7 12.8 ± 0.7 �0.1 ± 0.7 34 11.7 ± 0.7 11.6 ± 0.7 �0.1 ± 0.5 0.98
Urinary sodium to potassium ratio 30 2.4 ± 0.2 2.3 ± 0.2 �0.1 ± 0.2 34 2.3 ± 0.2 2.1 ± 0.1 �0.2 ± 0.2 0.88
Urinary sodium to creatinine ratio 30 14.1 ± 0.9 14.5 ± 0.9 0.4 ± 1.1 34 14.1 ± 0.8 14.4 ± 0.9 0.03 ± 1.0 0.77
Total urine volume (ml) 29 1972 ± 133 2242 ± 164 270 ± 155 34 2006 ± 123 2073 ± 151 67 ± 122 0.30
Systolic blood pressure (mmHg) 29 144 ± 2 136 ± 3 �8 ± 3 34 138 ± 3 132 ± 3 �6 ± 3 0.56
Diastolic blood pressure (mmHg) 29 78 ± 2 74 ± 2 �4 ± 2 34 76 ± 2 73 ± 2 �3 ± 1 0.61

Mean ± standard error; ^ change in variable (3 month value – baseline value).
* p Value is for between group differences in mean change.
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0 or 3 months), as assessed by creatinine excretion; however these
samples have been included in the analysis because the results
were not changed by including them. Three participants did not
provide blood pressure measurements and were excluded from
the analysis of blood pressure.

Urinary sodium excretion was unchanged in the intervention
(+1 ± 15 mmol/24 h) and control group (�6 ± 14 mmol/24 h), and
there was no between group difference (p > 0.05) (Table 1). In
the intervention group 15 participants decreased and 14 partici-
pants increased their sodium excretion and in the control group
15 participants decreased and 19 participants increased their so-
dium excretion. Urinary sodium excretion at baseline and
3 months was significantly correlated (r = 0.465, p < 0.01). When
the data was analysed by gender there was no difference in re-
sponse to the intervention. There was a statistically significant
reduction in reported sodium intake after 3 months in the control
group only (p < 0.05). However, when adjusted for energy intake,
sodium intake (mg) per 1000 kJ of energy was not different be-
tween the groups at 3 months (intervention group 323 mg/
1000 kJ to 345 mg/1000 kJ; control group 352 mg/1000 kJ to
304 kJ/1000 kJ; p = 0.11). There was no change in urinary potas-
sium excretion and systolic and diastolic blood pressure were un-
changed during the intervention phase, see Table 1. There was no
reported change in anti-hypertensive medication prescription.

In the intervention group, 19 (61%) participants self-reported
that they believed all/most of the foods they consumed met the
FSANZ guideline and 71% (n = 22) stated that adhering to the re-
duced salt diet was extremely easy, easy or OK. However, 58%
(n = 18) of participants indicated that choosing low salt options
when eating out was very hard/hard and shopping for foods low in
salt was hard/extremely hard due to the lack of variety (n = 12). Fur-
ther, participants rated the taste of low sodium products, contain-
ing < 120 mg Na/100 g, as very good (n = 1), good (n = 10), OK
(n = 13), bad (n = 6), very bad (n = 0) or no response (n = 1). Reading
food labels was rated as very easy (n = 3), easy (n = 10), OK (n = 8),
hard (n = 9), extremely hard (n = 0) or no response (n = 1).
Discussion

In this study of people with T2DM urinary sodium excretion
was unchanged by the intervention which was a single session
education to use food labels to choose low sodium products. This
is in contrast to a previous study in which urinary sodium excre-
tion was reduced by 20% in an 8 week study of two education strat-
egies, either label reading as in the present study or use of the
Heart Foundation Tick symbol to identify salt reduced foods
(Ireland et al., 2010). However the study was shorter and included
a second 10-min individual session after 4 weeks which may have
promoted adherence to the protocol. Dietary education strategies
to reduce sodium intake, specifically in individuals with T2DM,
have not been previously explored.

It is noteworthy that the findings from the questionnaire indi-
cated a high level of self-reported adherence. This finding is similar
to that reported in a review of consumer understanding of food la-
bels that self-reported food label use is common, but over-
estimates actual use (Mhurchu & Gorton, 2007). The authors
speculate that there may be other barriers that prevented dietary
sodium reduction following the intervention for example, a high
energy intake (8193 ± 3198 kJ/day) may result in high sodium con-
sumption. Sodium intake was positively correlated with energy
intake.

It must be acknowledged that currently there are limited low
sodium choices available in the Australian food supply. A system-
atic review of Australian food products showed that the majority
(44%) of product categories available have a high sodium content
(>500 mg/100 g), only 19% are classified as low (<120 mg/100 g)
(Webster, Li, Dunford, Nowson, & Neal, 2010). In the present study
participants reported that the limited availability of low salt foods
when eating out and shopping was a barrier to reducing their so-
dium intake. Analysis of the sources of sodium in the participants
diets at baseline indicates that the greatest contributors to total so-
dium intake are foods which have limited low sodium alternatives
e.g. condiments, breads, processed meats and fast foods.

It may be that reducing the sodium content of the food supply is
the most effective strategy to reduce population sodium intake.
Approximately, 77% of dietary sodium intake is from processed
foods (Mattes & Donnelly, 1991), with many studies showing the
greatest contribution is from breads and cereals (23–29%) (Charlton,
Yeatman, Houweling, & Guenon, 2010; Villani et al., 2012). The so-
dium content of bread can be reduced by 52% without affecting
bread consumption or choice of sandwich fillings (Bolhuis et al.,
2011). In the United Kingdom the sodium content of the food
supply has been reduced by 20–30%, from an average salt intake
of 9.5 g/day to 8.6 g/day, in 3 years (He & MacGregor, 2009). This
suggests that reducing sodium in the food supply is feasible, and
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this public health measure could assist in a population wide reduc-
tion in sodium intake.

In summary, urinary sodium excretion was not reduced by edu-
cating people with T2DM to read food labels and choose low so-
dium products. The results of this study suggest that providing
advice to people with T2DM to reduce their sodium intake, in a sin-
gle session, does not reduce sodium excretion, as determined by a
24 h urine sample. Further investigation of the understanding and
attitudes towards sodium of people with T2DM is required to en-
able sodium reduction strategies to be developed in this
population.
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