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Dietary sodium intake in a multiethnic Asian population
of healthy participants and chronic kidney

disease patients
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INTRODUCTION Clinical practice guidelines recommend dietary sodium restriction in chronic kidney disease (CKD)
patients. Compliance with this recommendation in a multiethnic Asian population is not clear. This study assessed the
urinary sodium excretion profile of a multiethnic Asian population to estimate the population’s dietary sodium intake.
METHODS Data on the urinary sodium excretion of 335 participants were obtained from the Asian Kidney Disease Study
and Singapore Kidney Function Study. Standard statistical tests and linear regression were used to assess the association
between various continuous variables and sodium excretion.

RESULTS Our study cohort consisted of 335 participants (232 with CKD, 103 healthy) — 51.0% were male; 38.5% were
Chinese, 29.6% were Malay, 23.6% were Indian; and 57.3% were hypertensive. The mean age was 53.5 + 15.1 years and
mean urinary sodium excretion was 124.9 + 68.3 mmol/day. The mean blood pressure of the healthy participants was
lower than that of the patients with CKD (p < 0.001). Patients with CKD stages 1-3 excreted an average of > 100 mmol
sodium/day. Overall, 40.1% patients with CKD excreted < 100 mmol sodium/day. Indians had higher urinary sodium
excretion than the Chinese (p = 0.016) and Malays (p = 0.002). The distribution of urinary sodium excretion in the healthy
participants (37.9% excreted < 100 mmol sodium/day) was similar to that seen in the patients with CKD.
CONCLUSION Although patients with CKD stages 4-5 achieved sodium restriction, healthy persons and patients with
early-stage CKD need to increase their efforts in reducing their sodium intake, especially for patients of Indian ethnicity.
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INTRODUCTION

Clinical practice guidelines recommend dietary sodium restriction
(< 100 mmol/day) as part of the nutritional management of
patients with chronic kidney disease (CKD)."> Excessive sodium
intake (i.e. beyond the recommended levels) is associated with
hypertension and fluid overload. The proportion of patients with
CKD who successfully achieve this target and the effectiveness
of the recommendations in a multiethnic Asian population with
varied diets and cultural beliefs are unknown.“> Thus, this
study aimed to assess the urinary sodium excretion profile of
a multiethnic Asian population, as an estimate of the dietary
sodium intake of that population. In this cross-sectional study,
we compared the dietary sodium intake of patients with CKD
with that of healthy participants.

METHODS
The present study is a sub-study of data obtained from the
Singapore Kidney Function Study phase 1 (SKFS1) and the Asian
Kidney Disease Study (AKDS).© This study is approved by the
institution review board. Both SKFS1 and AKDS were studies that
recruited participants for the primary objective of measuring and
estimating glomerular filtration rate (GFR).

In SKFS1, we recruited 103 healthy volunteers presenting to
National University Hospital, Singapore. The inclusion criterion
was nonpregnant adults aged > 21 years. Volunteers were

excluded if they: (a) were unable to consent; (b) had physical
conditions that render phlebotomy for blood samples difficult;
(c) were unable to collect urine samples successfully; (d) were
using regular medications; or (e) had either hypertension, diabetes
mellitus, possible kidney dysfunction (determined using urinalysis
or renal imaging), or any condition that could potentially interfere
with the accuracy of GFR measurement. Volunteers were screened
for haematuria, leucocyturia, proteinuria and microalbuminuria
using urine dipsticks. The target sample size was three male and
three female volunteers per decade from age 21 years per ethnic
group (i.e. Chinese, Malay, Indian and others).

In AKDS, we recruited 232 patients with CKD presenting
to the outpatient nephrology clinics of the National University
Hospital, Singapore. Patients with CKD were eligible for inclusion
if they were: (a) not pregnant; (b) adult aged > 21 years; (c) had
serum creatinine with an estimated or measured GFR (i.e. using
the modification of diet in renal disease formula, Cockroft-
Gault” formula or creatinine clearance) of 10-90 mL/min; and
(d) had stable CKD, defined as two serum creatinine levels that
were measured > 60 days apart, with less than 20% difference
(the definition of CKD followed that in the clinical practice
guidelines).® Patients with CKD were excluded if they met any
of the following criteria: (a) inability to consent; (b) presence of
physical conditions that render phlebotomy for blood samples
difficult; (c) inability to collect urine samples successfully; and
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(d) the presence of acute kidney function deterioration or any
condition that could potentially interfere with the accuracy of the
GFR measurement. Before recruitment, patients were stratified
according to ethnicity (i.e. Chinese, Malay, Indian and others)
and gender.

The study coordinator ensured that the participants only
initiated the 24-hour urine collections and GFR measurements
if they were not titrating or starting on new medications. All
participants performed a 24-hour urine collection, and presented
the following day for GFR measurement and a blood test, and
to hand in the collected urine samples. GFR was determined
by three-sample plasma clearance of an intravenous bolus of
mtechnetium-diethylene triamine pentaacetic acid (*"Tc-
DTPA),” and body surface area was calculated using the du Bois
equation."” Urinary sodium excretion (mmol/day) was measured,
using the 24-hour urine collections, to estimate dietary sodium
intake. In the present study, the 24-hour urine collections for
total sodium excretion were taken to be reflective of the daily
sodium intake of patients with CKD, even those on diuretics or
renin-angiotensin-aldosterone system blockers, based on the
assumption that the patients had: (a) a relatively stable dietary
sodium intake; (b) stable kidney function; and (c) no changes in
the medications taken.!''%)

The data obtained was presented as mean + standard
deviation or median (interquartile range). Analysis of variance
and ttest were used to assess whether urinary sodium excretion
was significantly associated with gender, ethnicity or CKD stages,
whereas linear regression was used to assess whether urinary
sodium excretion was significantly associated with age, height,
weight, body mass index or GFR. All statistical analyses were
performed using JMP 10 (SAS Institute, Cary, NC, USA). A p-value
< 0.05 was considered statistically significant.

RESULTS
Our study cohort had a total of 335 participants. When a body
mass index of 22.99 kg/m? (i.e. the normal upper limit for Asians)
was used to calculate ideal body weight, we found that the healthy
participants (i.e. volunteers recruited for SKFS1) were 5.0 +
10.4 kg overweight, while the participants with CKD (i.e. patients
recruited for AKDS) were 11.8 + 13.6 kg overweight (Table I).
In the present study, urinary sodium excretion was significantly
higher among men than women (p < 0.001) (Table Il). We
also found that Indian participants excreted significantly more
sodium than the Chinese (p = 0.016) and Malay (p = 0.002)
participants. Analysis using logistic regression showed that urinary
sodium excretion (in mmol) was negatively associated with age
(p < 0.001), and positively associated with height (p < 0.001),
weight (p < 0.001), body mass index (p < 0.001) and GFR
(p = 0.002) (Table I1I). Mean sodium excretion was not found to
be significantly associated with diuretic use or diabetic status, and
was similar between the healthy participants and the patients with
CKD. On average, 67.3% (115/171) of the patients with CKD stages
1-3 excreted > 100 mmol sodium/day. Overall, 40.1% (93/232)
of the patients with CKD excreted < 100 mmol sodium/day and

Table I. Characteristics of the study participants (n = 335).

Characteristic Mean * SD p-value
SKFS1 AKDS
participants participants
(n=103) (n=232)
Age (yrs) 425+ 14.3 58.4+12.8 <0.001
Gender*

Male 51 (49.5 120 (51.7) NS

Female 52 (50.5 112 (48.3)
Ethnicity* < 0.001

Chinese 35 (34.0) 94 (40.5)

Malay 25 (24.3) 74 (31.9)

Indian 23 (22.3) 56 (24.1)

Others 20 (19.4) 8 (3.4)
Smokers* 22 (21.4) 46 (19.8) NS
Diabetes mellitus* 0 (0) 119 (51.3) <0.001
Hypertension* 0 (0) 192 (82.8) < 0.001
Systolic BP (mmHg) 114 + 15 134 £22 <0.001
Diastolic BP (mmHg) 68 + 10 72 +10 <0.001
Height (m) 1.62+0.10 1.59+0.09 0.008
Weight (kg) 65.7+12.8 70.3+15.9 0.010
Body mass index (kg/m?) 24.9 + 4.0 27.6 £+55 <0.001
Body surface area (m?) 1.70+0.20 1.73+0.01 NS
Ideal body weight (kg) 60.7 £ 7.2 58.5 + 6.7 0.008
Measured GFR (mL/min/m?) 101 + 16 52 +27 <0.001
Serum creatinine (pmol/L) 70 + 16 153+92 <0.001
Serum sodium (mmol/L) 140 + 2 138+ 3 < 0.001
Serum CO, (mmol/L) 28.2+2.7 25.8+3.4 <0.001
Serum total protein (g/L) 727 +4.1 722 +5.7 NS
Serum albumin (g/L) 43.5+2.6 41.8+3.2 <0.001
24-hr urine volume (L) 1.58+0.70 1.76+0.78 0.042

24-hr urinary sodium (mmol) 128.5 +66.5 123.3 + 69.1 NS

Diuretic use* 0 (0) 116 (50.0) < 0.001

*Data is presented as number (percentage). AKDS: Asian Kidney Disease
Study; BP: blood pressure; CO,: carbon dioxide; GFR: glomerular filtration rate;
NS: nonsignificant; SD: standard deviation; SKFS1: Singapore Kidney Function
Study phase 1

Table Il. Results of analysis of variance and t-test performed to test
for factors significantly associated with urinary sodium excretion.

Variable Sodium excretion Univariate
(mmol/L) p-value
Gender < 0.001
Male 142.3+72.6
Female 106.8 + 58.4
Ethnicity 0.014
Chinese 120.9+71.9
Malay 112.3+61.6
Indian 144.2 + 67.4
Others 133.1 + 66.3
CKD stage < 0.001
Normal (n = 103) 128.5 + 66.5
1(n=27) 141.5 + 68.7
2 (n =45) 145.7 + 80.8
3 (n=299) 127.7 + 67.4
4 (n =53) 93.4 +51.6
5(n=8) 80.7 + 43.6

Data is presented as mean * standard deviation. CKD: chronic kidney disease

653



IOriginaI Article

Table Ill. Results of the logistic regression analysis performed to test
for factors significantly associated with urinary sodium excretion.

Variable Intercept Slope Univariate
p-value
Age (per year) 171.923 -0.878 < 0.001
Height (per m) -267.749 245.082 <0.001
Weight (per kg) 9.923 1.669 <0.001
BMI (per kg/m?) il A58 2.743 < 0.001
GFR (per mL/min/1.73 m?) 102.025 0.343 0.002

BMI: body mass index; GFR: glomerular filtration rate

10.3% (24/232) excreted < 50 mmol sodium/day. The distribution
of sodium excretion was similar among the healthy participants
—37.9% (39/103) excreted < 100 mmol sodium/day and 11.7%
(12/103) excreted < 50 mmol sodium/day. Although three patients
with CKD were on sodium bicarbonate, this did not impact their
mean urinary sodium excretion.

DISCUSSION

To achieve good blood pressure control, patients with CKD need
to adhere to dietary sodium restrictions. Good blood pressure
control is crucial in retarding the progression of CKD. According
to the current guidelines, patients with CKD are recommended a
dietary sodium intake of less than 100 mmol/day."" In the present
study, we found that dietary sodium intake (based on urinary
sodium excretion) was high in a large proportion of patients with
CKD. This finding is similar to the results of other CKD retardation
studies." While patients with more advanced CKD appeared to
achieve the sodium restriction targets in the present study, those
with CKD stages 1-3 did not. Anecdotally, dietetic assessment
and counselling is a fee-for-service programme; therefore, many
of the participants declined dietitian consultations in primary care
and nephrology specialty clinics.

Even when angiotensin receptor blockers are administered,
high urinary sodium excretion is associated with faster CKD
progression and worse cardiovascular outcomes."* Arguably,
efforts to retard CKD should be applied more vigorously during
the earlier stages of CKD; it is then that the barriers to adequate
dietetics services should be identified and removed."” However,
it appears that patients who have more advanced CKD and more
frequent follow-ups (and thus, a greater awareness) are more
receptive toward dietary counselling. This results in a greater
proportion of them achieving the sodium restriction targets.
Moreover, as patients with advanced CKD often exhibit symptoms
such as with oedema and fluid overload, they are more likely to
comply with a salt-restricted diet.

A large proportion of patients with CKD also have metabolic
acidosis, which if treated with sodium bicarbonate (for acid
neutralisation), would make sodium targets harder to achieve.!'®
However, in the present study, it was interesting that the urinary
sodium excretion of the three patients who were on sodium
bicarbonate supplementation was not significantly higher.
As ethnic differences in food choices may also impact sodium
intake, more rigorous counselling may be required to reduce the
sodium intake of patients with CKD who are of Indian ethnicity.?

654

There is a need for research that explores the presence of cultural
and linguistic barriers in the dietary practices and counselling of
patients with CKD in a multiethnic population.

The sodium intake of our study cohort, which consisted of
healthy participants and participants with CKD, appeared to
be lower than that of the general population (according to the
Report of the National Nutrition Survey 2010 published by the
Health Promotion Board, Singapore)."” The healthy participants
in the present study may have been healthier than the general
population because individuals with diabetes mellitus and
hypertension were excluded. Also, the participants with CKD
in the present study may have consumed less sodium as a result
of disease awareness and dietary management. However, it is
difficult to quantify the effect of dietary intervention on urinary
sodium excretion. Future studies to address this are needed.

The strengths of our prospective study include a large
sample size of patients with reference GFR measurements, and
the use of systematic urine collections for objective sodium
intake measurements. The urine collections were consistently
performed by the same research personnel. Recruitment of
participants for the present study was also strategised to ensure
that: (a) there was a range of GFRs among all the participants;
and (b) the proportion of participants were representative
of the ethnicity and gender ratios of the general population.
One limitation of the present study was that there was a lack
of information on previous formal dietetic assessments and
interventions by a dietitian (most patients would have received
dietary advice during follow-up sessions).

To conclude, the patients with CKD in the present study were
either overweight or obese, and had a higher salt intake than
that recommended in the guidelines. There is a need to address
the cultural, linguistic and socioeconomic barriers to dietary
compliance in a multiethnic population.
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