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Short Communication

The association of urinary sodium excretion with dietary
sodium intake among selected low-income urban households

INTRODUCTION

Sodium chloride or dietary salt is significantly associated
with hypertension'-*! because higher salt intake could lead to
hypertension.[ Elevated blood pressure (BP) is responsible
for up to 13% of global deaths.! It is a significant disease
in Malaysia, with a prevalence of 32.7% in 2011 and 39.3%
in 2014.1 Hypertension is one of the main risk factors for
cardiovascular disease (contribution 0 39.3%),/" and is present
in 35% of the adult population in Southeast Asia.[®

Dietary sodium consumption among the general population is
high despite the known risks to health.”! The average sodium
intake among the adult population in most countries is more
than 100 mmol/day (~6 g of salt per day), and in many Asian
countries, the mean intake is more than 200 mmol/day (~12 g
of salt per day).['" These levels of sodium intake exceed
the World Health Organization (WHO) recommendation
of 2 g of sodium per day (~5 g of salt per day).['"

Measuring the level of sodium intake in a population is
crucial for salt reduction strategies that encompass proactive
health promotion at the individual level!? because reducing
sodium intake could help reduce the prevalence of chronic
diseases.!'¥ Several studies on the Asian population have
sought to determine sodium intake through 24-hour urine
samples,'* but there is a paucity of research to determine
the relationship between sodium intake and urinary
sodium excretion in the context of Malaysia. Determining
24-hour urinary sodium excretion is considered to be the
reference standard for estimating salt intake!'? because a
24-hour urine collection is required to capture the marked
diurnal variations in sodium, chloride and water excretion.
Electrolyte excretion in healthy individuals reaches a
maximum at or before midday, and a minimum at night
towards the end of sleep.!'” It has been found that factors
such as urbanisation!' and low socio-economic status!'”
are associated with higher sodium consumption due to high
intake of processed food. Therefore, this study aimed to
determine the amount of dietary sodium intake and urinary
sodium excretion among low-income city dwellers and to
investigate factors associated with it.

METHODS
Study design and study population

This was a cross-sectional study among the residents of two
randomly selected low-income community housings (flats)
under the People’s Housing Project, locally known as Program

Perumahan Rakyat (PPR), located within metropolitan Kuala
Lumpur Malaysia. Participants were adults (aged 18 years
and above) without a history of chronic disease (diagnosed
by healthcare professionals) such as hypertension, diabetes
mellitus, heart and/or renal disease (chronic kidney disease) or
mental illness, who agreed to provide urine collected over 24
hours and who had resided in the area of study for at least
6 months.

Data collection

Household visits were conducted at each flat (PPR), and all
adult residents were invited to participate in this study. Those
who agreed to participate were asked for verbal consent for
a brief interview to screen whether they met the inclusion
criteria. Recruitment was only finalised after written consent
was obtained, and appointments were given for the participants
to attend the actual interview and provide urine at a study
station set up near their flats.

For the actual data collection at the study station, a
face-to-face interview guided by questionnaires was
conducted by a trained dietitian, and the information
obtained was recorded on a form. Information on
demographic variables, socio-economic data, smoking
habits, hypertension history and the usage of medication,
and a 3-day dietary recall was collected. Height and weight
were measured by the interviewers, whereas BP was
measured by medical doctors.

Three-day dietary recall'® data — information about dietary
intake and other dietary practices over the past 3 days (2
weekdays and 1 day of the weekend) — were obtained to
capture the participants’ habitual dietary intake. This method
is appropriate for low-income and low-literacy populations
because it does not require participants to read or write to
complete the recall.['”]

For the 24-hour urine collection, participants were asked to
void the first urine in the morning into a provided container
after discarding the initial flow of urine, after which all
urine for the following 24 hours was collected. The last
collection was the first urination on the second day of
collection.?*?!) The participants recorded the start and end
of the 24-hour urine collection and were instructed to notify
the data collectors if any collection was missed. They were
reminded that it was important to stick to their normal diet
and activities during the period of urine collection? to
ensure that the dietary intake was related to the 24-hour
urine samples.
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Study tools and measurement protocol

Weight was measured using a SECA 813 weight scale (SECA,
Birmingham, UK), and height was measured using a SECA
Portable 217 stadiometer (SECA, Birmingham, UK). Both
tools were calibrated. The weight and height were measured
according to a standardised protocol and recorded to the
nearest 0.1 kg and 0.1 cm, respectively. BP levels were
measured using the OMRON Automated Blood Pressure
Monitor HEM-7211, with participants in a sitting position,
and their right arm bared, supported and positioned at heart
level. Three readings were taken with at least a 1-minute
interval, and subsequently increased to 5 minutes if the first
reading was too high.

The 3-day dietary recall interview!'®! was conducted within
30 minutes to avoid sufficing behaviour.”! The participants were
asked about their usual dietary intake in the past 3 days with
the help of a flip chart and measurement tools such as scoops
and cups. In addition, they were asked about the estimated
frequency of consuming high-sodium foods such as sauces and
fast food. The 24-hour urine collection was normally completed
within 48 hours after the 3-day dietary recall was taken. Urine
samples were sent to the accredited University of Malaya
Medical Centre (UMMC) Laboratory (MS: ISO 15189:2014 by
the Department of Standard Malaysia) for analysis on the same
day that they were returned. Participants who collected less than
250 ml of urine and/or whose time collection was outside the
20- to 28-hour range were excluded from this study.?*

Data analysis

Body mass index (BMI) was calculated as weight in kilograms
divided by the square of the height in metres. For analysis, BMI
was categorised according to Asia-specific criteria®! because
Asians are known to have a higher amount of fat as compared
to their Western counterparts with the same BMI.% BP was
categorised according to the Clinical Practice Guidelines for
Management of Hypertension (4% edition).”

Dietary data were then analysed using Nutritionist Pro™
Dietary Analysis software (Axxya Systems, Redmond,
WA, US). Data cleaning and quality checks were conducted
before analysis. Participants whose ratio of total energy
intake (EI) to basal metabolic rate (BMR) was less than
1.2 were considered to have under-reported their dietary
intake (a ratio of 1.2 is considered the minimum ratio to
maintain body weight),”®! and were excluded from the
analysis. BMR was determined using the Henry equation.’

Statistical analyses were carried out using the IBM SPSS
Statistics version 20.0 (IBM Corp, Armonk, NY, USA).
Descriptive statistics were computed for socio-demographic,
anthropometric, BP, BMI, urinary sodium excretion and
dietary sodium intake variables. An independent #-test and
Mann-Whitney U test were conducted to compare the 2
independent groups. Pearson and Spearman correlations were
used to show the association between 2 variables.

Ethical approval

This study obtained ethical approval from the UMMC Medical
Ethics Committee and was conducted in accordance with the
ethical standards of the Helsinki Declaration. Written informed
consent was obtained prior to the interview session (referral
number: MEC ID: 20144 157).

RESULTS

Among the 437 residents who were approached, 237 agreed
to participate in the study, making the response rate 54.2%.
Only 180 participants completed the interview, attended the
anthropometric measurements, gave enough urine and reported
that they were free from diseases, making the completion
rate 75.9%. However, only 147 participants were included
in the analysis because 33 of them had known hypertension
and were excluded. Table 1 shows the socio-demographic,
anthropometric, clinical and biochemical profiles of the
participants.

A further 46 participants (31.3%) were excluded because their
dietary intake was under-reported. The final data for analysis
was from 101 participants. The energy and dietary sodium
intake of these participants are shown in Table 2.

Further analysis using Pearson correlation found a good,
positive correlation between dietary sodium intake and
EI (» = 0.58; P < 0.001) [Figure 1]. Partial correlation after
controlling for age, gender, BMI and smoking status indicated
that dietary sodium intake was significantly associated with
El (r=0.51; P<0.001) and BMI (» = 0.30; P < 0.05) but not
with systolic BP (SBP). There was also a significant association
between BMI and EI (» = 0.30; P < 0.05).

The association between urinary sodium excretion and dietary
sodium intake was established with rs (99) = 0.27, where
P < 0.05. There was also a significant association between
urinary sodium excretion and EI, rs (99) = 0.33, and between

R? Linear = 0.336
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Figure 1: Graph shows the correlation between dietary sodium intake (mg/
day) and energy intake (kcal/day) among participants.
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urinary sodium excretion and BMI, rs (145)=0.31 (P <0.001
for both). After controlling for age, gender, BMI and smoking
status, the associations between urinary sodium excretion
and dietary sodium intake and between EI and BMI were
still significant: rs (99) = 0.20, EI, rs (99) = 0.27 and BMI,
s (99) =0.32; P <0.05.

Using the linear regression model, it was shown that those
with high BMI were 5.40 times more likely to have higher
urinary sodium excretion than those with low BMI (95%
CI 2.860-7.936; P <0.001).

DISCUSSION

A previous local study had reported that unhealthy dietary
practices were common among the low-income urban
community. However, they did not use sodium levels in
urine collected over 24 hours as the biomarker assessment.”
Sodium intake can be estimated indirectly from the dietary
survey method or directly by using the urinary collection
method.!"?! Hence, the current study is the first local study on
the estimation of sodium intake among adults in the community
that uses both the dietary history of sodium intake and urinary
excretion of sodium.

In this study, the median urinary sodium excretion of the
participants was 90.0 mmol/24h, which was equivalent
to 2070.0 mg of sodium per day or 5.2 g of salt per day.
Considering that 95.0% of the dietary sodium will be excreted
in the urineB! and the intake of sodium estimated from the
sodium excretion in urine can be calculated by multiplying by
the factor 100/95, we can say that the dietary sodium intake
of the participants was high. The estimated sodium intake
from urinary sodium excretion was 2178.9 mg or equivalent
to 5.4 g of salt per day. Meanwhile, the estimated mean
dietary sodium intake of the participants was 3759.7 mg/day
(standard deviation = 899.6) or equivalent to 9.4 g of salt per
day. By comparison, the dietary intake of sodium in this study
population was almost twice the WHO recommendation of 2 g
of sodium per day (5 g of salt per day).l'!

The high intake of sodium in Asian countries can be
attributed to the salt present in sauces and seasonings,
and the salt added during preparation and consumption
of food.l' Malaysia underwent rapid urbanisation over 5
decades (1970-2010).77 It is well known that urbanisation
is associated with sedentary behaviour, which affects food
consumption due to changing dietary behaviour, leading to
increased consumption of saturated fats and sugar.**! The
fast food industry has exploited this niche by providing
convenient and affordable takeaway meals. These meals also
satisfy the consumers’ demand for food high in salt, fat and
sugar.’* According to the Centers for Disease Control and
Prevention, sodium intake increases when the El increases
because energy-dense foods have a higher sodium content.

In addition, sodium intake is likely to increase in Southeast
Asia as people eat out more frequently and consume more
processed food.["*!

Although sodium intake using the dietary survey method (3-day
dietary recall) could be underestimated, dietary sodium intake
was higher compared to urinary sodium excretion in this
study. A possible explanation is that the dietary survey method
requires participants to recall and recount all the different
food and drinks they had consumed over the past 3 days; this
could lead to inaccurate reporting as a result of forgetfulness
and omissions. In addition, the interview conditions could
also contribute to inaccurate reporting.®¥ This issue was
minimised because the dietary assessment was done by a
qualified health professional using visual aids to estimate the
serving portions.’” However, participants could still under- or
over-report their dietary intake.*®!

This study also found that when dietary sodium intake is
increased, urinary sodium excretion also increases, similar
to findings reported in previous studies.’*!! Given that
around 95.0% of sodium consumed is excreted in urine,?"
urinary sodium excretion naturally increases when sodium
consumption increases. However, because of the extensive
use of sodium in food and widespread use of sodium or salt
in food processing,*?! it is difficult to quantify discretionary
salt intake,*!! leading to inaccurate sodium measurements by
the dietary method.

The results from this study provide beneficial insights for
government agencies and other stakeholders. Policies can be
developed to educate the public regarding the health effects
of high sodium intake and work with the food industries to
minimise sodium content in food.! Such policies will assist
in preventing chronic non-communicable diseases (NCDs)
from escalating in Malaysia. He et al.*¥ found that a modest
reduction in salt intake has an essential effect on lowering
BP in both hypertensive and normotensive individuals.
Azizan et al. ™! found a reduction of 2.96 mmHg in SBP when
salt intake was reduced, after controlling for physical activity.

Based on the findings of this study and the established
relationship between sodium level and hypertension, there is
aneed to promote low intake of dietary sodium among people.
There are various strategies to do this, and a good example is
the ‘Pick the Tick’ programme established in New Zealand,
which helps consumers identify foods with nutrition profiles
that are more consistent with a ‘heart-healthy diet’ by means
of their logo. The food industries then came on board to
voluntarily reduce the sodium content in their processed
foods."! It is important to take some action, not just for the
benefit of adults, but also for the younger population because
studies among adolescents have shown that their levels
of sodium consumption are higher than the recommended
value.*”
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Table 1. Socio-demographic, anthropometric, clinical and biochemical profiles of the participants.

Variable n (%) P
Total (n=147) Male (n=54) Female (n=93)
Socio-demographic profile
Age (yn)* 47.67+x11.71 49.54+13.08 46.59+10.76 0.1422
18-29 10 (6.8) 5(3.4) 5(3.4)
30-39 22 (15.0) 7(4.8) 15(10.2)
40-49 49 (33.3) 12 (8.2) 37 (15.2)
50-59 42 (28.6) 17 (11.6) 25 (17.0)
>60 24 (16.3) 13 (8.8) 11 (7.5)
Race 0.407°
Malay 133 (90.5) 49 (33.3) 84 (57.1)
Chinese 8 (5.4) 5(3.4)
Indian 3(2.0) 1(0.7)
Others 3(2.0) 3(2.0
Religion 0.854°
Islam 135 (91.8) 49 (33.3) 86 (58.5)
Hindu 4.(2.7) 2 (1.4) 2(1.4)
Buddhist 8 (5.4) 2.0) 5(3.4)
Marital status 0.055°
Single 10 (6.8) 6 (4.1) 4(2.7)
Married 131 (89.1) 8 (32.7) 83 (56.5)
Divorced 6 (4.1) 0 6 (4.1)
Level of education 0.287°
No formal education 6 (4.1) 0 6 (4.1)
Primary 20 (13.6) 10 (6.8) 10 (6.8)
Lower secondary 31 (21.1) 11 (7.5) 20 (13.6)
Upper secondary 70 (47.6) 26 (17.7) 44 (29.9)
STPM/diploma 11 (7.5) 534 6 (4.1)
Don’t know 9(6.1) 2(1.4 7(4.8)
Type of work <0.001°
Government 8 (5.4) 4.(2.7) 4.(2.7)
Private sector 46 (31.3) 27 (18.4) 19 (12.9)
Self-employed 23 (15.6) 12 (8.2) 11 (7.5)
Pensioner 8 (5.4) 6 (4.1) 2(1.4)
Unemployed 56 (38.1) 4.(2.7) 52 (35.4)
Don’t know 6 (4.1) 1(0.7) 5(3.4)
Smoking <0.001¢
Yes 37 (25.2) 35(23.8 2(1.4)
No 110 (74.8) 19 (12.9 91 (61.9)
Anthropometric profile
BMI (kg/m2)* 26.22+5.41 24.56+4.57 27.17+5.65 <0.05
Underweight (<18.5) 11 (7.5) 5(3.4) 6(4.1)
Normal (18.5-22.9) 27 (18.4) 14 (9.5) 13 (8.8)
Overweight (23.0-24.9) 23 (15.6) 8 (5.4) 15(10.2)
Obese | (25.0-29.9) 52 (35.4) 21 (14.3) 31(21.1)
Obese Il (=30.0) 34 (23.1) 6 (4.1) 28 (19.0)
Clinical profile
SBP (mmHg)* 120 00+11.66 122.88+10.22 118.32+12.16 0.0222
Optimal (<120) 61 (41.5) 15 (10.2) 46 (21.3)
Normal (<130) 53 (36.1) 25 (17.0) 28 (19.0)
High normal (130-139) 33 (22.4) 14 (9.5) 19 (12.9)
DBP (mmHg)* 70.87+8.45 70.91+8.16 70.84+8.66 0.959°
Contd...
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Table 1. Contd...

Variable n (%) P
Total (n=147) Male (n=54) Female (n=93)
Optimal (<80) 117 (79.6) 44 (29.9) 73 (49.7)
Normal (<85) 22 (15.0) 7(4.8) 15 (10.2)
High normal (85-89) 8 (5.4) 3(2.0) 5(3.4)
Biochemical profile
Urinary sodium excretion (mmol/24h)* 90.00 (55.00) 92.00 (57.00) 87.00 (61.00) 0.389¢

*Data presented as meantstandard deviation. 'Data presented as median (interquartile range). *#-test; *Fisher’s exact test; ‘Chi-square test; ‘Mann-Whitney
U test. BMI: body mass index, DBP: diastolic blood pressure, SBP: systolic blood pressure

Table 2. Dietary intake of the participants.

Dietary intake Mean +standard deviation P
Total (n=101) Male (n=34) Female (n=67)

Energy intake (kcal/day) 2084.93+379.01 2275.78+373.89 1988.08+345.64 <0.001*

Sodium intake (mg/day) 3759.70+899.56 4068.03+874.70 3603.23+877.33 <0.05*

*Data between groups compared using /-test.

This is the first study conducted in Malaysia that used both
dietary recall and 24-hour urine collection to determine the
level of sodium intake in low-income urban populations.
Although the Food Frequency Questionnaire (FFQ) could
provide better information on habitual dietary intake, this
method was more practical for our study group. With the
FFQ, individuals have to remember their intake over the past
6 months, which may lead to inaccuracy in food quantification.
The FFQ also slightly underestimates environmental
impacts.”® In addition, the 3-day dietary recall still provides
sufficient information on energy, carbohydrate, protein, fat and
sodium intake,*! and there is a decreased impact of seasonal
variation or variation by day of the week.’® Furthermore, it
does not require literacy; thus, the burden on the participants
is relatively small compared to that of the 3-day dietary
record.[*% In addition, it was shown in a systematic review
that using multiple 24-hour dietary recalls increases correlation
with ‘true’ intake and substantially decreases attenuation of
relative risk estimates.l*”)

The findings of this study can provide some suggestions
for further intervention to reduce sodium intake in the
low-income population, although several limitations need to
be acknowledged. Firstly, our results may not be applicable
to the wider population because this study represents only
the urban low-income population. In addition, it would have
been better if para-amino benzoic acid or measurement of the
creatinine output was used in this study as a marker to check
for completeness of 24-hour urine collection.

This study shows that the sodium intake, as measured by
dietary recall and measurement of sodium in the urine,
among low-income city dwellers exceeded the sodium intake
recommendation by the WHO, and established the association

between urinary sodium excretion and dietary sodium intake.
Overweight and obese populations seem to be at a higher risk
of high dietary sodium intake. This reiterates the importance
of emphasising a healthy diet and lifestyle when developing
health promotion programmes to combat NCDs in this
low-income group.
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