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Abstract

Background: South Africa has introduced regulations to reduce sodium in processed foods. 

Assessing salt consumption with 24-h urine collection is logistically challenging and expensive. 

We assess the accuracy of using spot urine samples to estimate 24-h urine sodium (24hrUNa) 

excretion at the population level in a cohort of older adults in rural South Africa.

Methods: 24hrUNa excretion was measured and compared to that estimated from matched 

spot urine samples in 399 individuals, aged 40–75 years, from rural Mpumalanga, South Africa. 
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We used the Tanaka, Kawasaki, International Study of Sodium, Potassium, and Blood Pressure 

(INTERSALT), and Population Mean Volume (PMV) method to predict 24hrUNa at the individual 

and population level.

Results: The population median 24hrUNa excretion from our samples collected in 2017 was 2.6 

g (interquartile range: 1.53–4.21) equal to an average daily salt intake of 6.6 g, whereas 65.4% 

of participants had a salt excretion above the WHO recommended 5 g/day. Estimated population 

median 24hrUNa derived from the INTERSALT, both with and without potassium, showed a 

nonsignificant difference of 0.25 g (P = 0.59) and 0.21 g (P = 0.67), respectively. In contrast, the 

Tanaka, Kawasaki, and PMV formulas were markedly higher than the measured 24hrUNa, with a 

median difference of 0.51 g (P = 0.004), 0.99 g (P = 0.00), and 1.05 g (P = 0.00) respectively. All 

formulas however performed poorly when predicting an individual’s 24hrUNa,

Conclusion: In this population, the INTERSALT formulas are a well suited and cost-effective 

alternative to 24-h urine collection for the evaluation of population median 24hrUNa excretion. 

This could play an important role for governments and public health agencies in evaluating local 

salt regulations and identifying at-risk populations.
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INTRODUCTION

Worldwide, hypertension is currently the leading risk factor for adverse cardiometabolic 

disease (CMD) outcomes and mortality, with low- and middle-income countries (LMICs) 

experiencing the largest share of CMD-related premature deaths [1,2]. However, while 

CMD already contributes to significant morbidity and mortality it is poised to play an 

ever-increasing role in global disease burden given individuals over 65-years-old constitute 

the fastest growing age group globally [2–4]. Furthermore, the prevalence of hypertension 

is anticipated to rise sharply with aging populations and increased adoption of more 

westernized lifestyles and diets [5], a change already underway in urban and rural 

populations in South Africa with hypertension rates between 58% and 78% in older adults 

[6–8].

Dietary salt intake has been associated with raised blood pressure and increased mortality 

when consumption exceeds 5 g/day [9–11], with cardiovascular risk following a dose–

response relationship with sodium intake [12]. To minimize the negative health implications 

of excess salt consumption the WHO has recommended restricting salt intake to <5 g/day 

(<2 g of sodium) [13]. In response, many countries have adopted regulations to curb salt 

intake. Globally, the primary focus has been on limiting sodium concentrations in bread 

[14]. Starting in 2016, South Africa has included 13 other categories of food in these 

regulations, ranging from savory snacks to stock powders and other processed foods and 

meats [15].

Since dietary recall is not a reliable measure of salt consumption the gold standard method is 

to assess 24-h urinary sodium (24hrUNa) excretion as a proxy [16]. This method is however 
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both cumbersome and logistically expensive making it difficult to scale up for population 

level monitoring. It may also be vulnerable to inherent selection bias due to the time demand 

required of participants, thus inadvertently selecting highly motivated persons who are most 

likely to have affected dietary changes.

Estimating 24hrUNa excretion using formulas applied to sodium levels derived from spot 

urine samples is a promising alternative that is cheaper and simpler to scale, enabling wider 

population sampling. The most used formulas include the Kawasaki [17], Tanaka [18], and 

INTERSALT [19]. These draw on parameters such as age, sex, BMI, and spot creatinine 

to account for unknown 24-h urine volumes and varying sodium excretion throughout the 

day. Other methods include using urine excretion rate to estimate 24-h volumes or utilizing 

the spot urine sodium and a mean 24-h population urine volume, collected either as part 

of a study or from estimates in similar populations [20,21]. Although many studies have 

shown these estimations to be inaccurate at the individual level, a meta-analysis of over 10 

000 participants from 28 studies evaluating 71 formula comparisons demonstrated excellent 

sensitivity (97%) and specificity (100%) in determining whether mean population salt intake 

was below or above the WHO recommended 5 g/day using population mean estimates 

derived from spot urine samples [22]. Although at the individual level there appeared to be 

over- and underestimations at the lower and higher end of sodium excretion respectively, 

when looking at the overall trend of the equations the analysis concluded spot urine samples 

provided an effective indication of mean population salt excretion to inform local salt 

regulation policies.

Many studies have assessed the validity of using formulas to predict 24hrUNa excretion 

in populations other than those in which they were developed, suggesting age, ethnicity, 

and sex differences as possible modifying factors resulting in poor performance [23,24]. 

The few studies conducted within African populations have yielded mixed results, often 

pooling data from across diverse ethnic groups. A 2014 study of 1083 participants across 

11 countries, of which South Africa was the sole African country, showed the Kawasaki 

formula best estimated population mean 24hrUNa excretion [25]. Two studies within South 

Africa both showed poor formula performance at the individual level with varying degrees 

of inaccuracy and proportional bias [26,27]. A study in Benin showed some utility for spot 

urine samples using an alternative arithmetic formula that required a 24-h urine creatinine 

[28]. These studies highlight both a paucity of evidence on the usefulness of these formulas 

for population level 24hrUNa excretion in African populations as well as a lack of validation 

in more homogenous populations. This considerable gap in the evidence underscores the 

need to understand the best methods to more easily and affordably survey population level 

salt consumption.

Aims/objectives

The primary objective of this study was to evaluate the accuracy of using spot urine sodium 

concentrations to estimate population median 24hrUNa excretion in a cohort of older adults 

in rural South Africa.
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Secondary outcomes include determining measured 24hrUNa excretion, and therefore 

salt intake, in this locally representative cohort to assess alignment with WHO 

recommendations.

METHODS

Study setting and sampling

The participants for this study were part of the “Health and Aging in Africa: A Longitudinal 

Study of an INDEPTH Community” (HAALSI) cohort in South Africa. HAALSI was 

established to describe biological, social, and economic determinants and consequences of 

health and ageing in rural South Africa. This cohort comprises 5059 people (46.4% men) 

aged 40years and over in the rural Agincourt region of the Bushbuckridge subdistrict, 

Mpumalanga Province, South Africa [7]. The study area from which the cohort was 

randomly selected consists of 31 villages with a total population of approximately 116 

000 individuals [7]. From this original HAALSI cohort of 5059, a random sample of 3273 

HAALSI participants, stratified by age, were invited to enroll in the HAALSI/AWI-Gen 

(Africa Wits-INDEPTH partnership for Genomics studies) sub-cohort. A total of 2486 

individuals between 40–60yr old were enrolled in 2015 and of these participants, urine 

samples were successfully collected from 1947. From those that remained in the cohort in 

2018, and from whom urine had been sampled in 2015, we randomly selected 400 and 

collected both 24-h and spot urine samples to assess the utility of using spot urine samples 

for making estimates about daily sodium intake.

Urine collection, processing, and analysis

For the spot urine samples, midstream urine samples were collected following procedures 

outlined by the WHO [29]. The first volume of urine was voided, after which 10–15 ml of 

midstream urine was collected into a container [30]. Samples were then transferred to the 

Agincourt laboratory where they were centrifuged at 1600g for 5 min to remove cellular 

debris and the resulting supernatant aliquoted into 2 ml cryovials. These cryovials were then 

stored at −80°C until being shipped to the assaying laboratory.

For 24-h urine samples, after a participant emptied their bladder during the spot urine 

collection, the time was noted, and the participant told to immediately commence 24-h 

urine collection [21]. The samples were then collected the next morning and taken to the 

Agincourt laboratory. Here, the total volume of urine collected was recorded, the samples 

thoroughly mixed, and a 15 ml sample extracted from the greater sample. As with the spot 

urines, the samples were centrifuged at 1600g for 5 min, the resulting supernatant aliquoted 

into 2 ml cryovials, and the cryovials stored at −80°C until assayed.

Urine creatinine was measured using a kinetic colorimetric assay, based on the Jaffé method, 

on the Roche/Hitache Cobas C501 System. The measuring range for the assay is 0.4–55 

mmol/l (4.2–622 mg/dl). The laboratory coefficient of variation was <2.8%. Urine sodium 

and potassium were determined using the ion-selective electrode (ISE) module of the Roche/

Hitache Cobas c system. The measuring range of the assay is 10–250 mmol/l for sodium, 

and 1–100 mmol/l for potassium. The laboratory coefficient of variation was <1.7%. Out-
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of-range values at the upper limit of detection were assigned the maximal value (i.e. 250 

mmol/l for sodium), while those at the lower limit of detection were assigned the minimal 

value (i.e. 10 mml/l for sodium). A sensitivity analysis, substituting half the minimum value 

for those at the lower limit of detection and a higher upper limit value based on a similar 

assay (i.e. 200 mmol/l for potassium and 400 mmol/l for sodium, using Beckman Coulter 

ISE modules upper limit values), was run to ensure this did not affect the primary outcome 

results.

Assessment of sodium excretion and salt intake

Measured 24hrUNa excretion was calculated as follows: 24hrUNa (mmol/ml) × total 24-h 

urine volume × molecular weight of sodium (22.99)/10 000 (converting units to grams). 

The formulas used for estimating 24hrUNa excretion were the Tanaka [18], Kawasaki [17], 

and INTERSALT [19], which utilizes a combination of spot urine sodium, creatinine, and 

potassium, along with sex, age, height, and weight (Table 1). An additional method, based 

on that conducted by Huang et al. [21], involved using spot urine in a similar manner to a 

24-h urine sample (i.e. spot sodium concentration × mean 24-h urine volume of the study 

population, referred hereafter as the Population Mean Volume (PMV)). To calculate the 

24-h salt (NaCl) intake, the 24hrUNa (g), either actual or estimated, was multiplied by 2.54 

(according to the Na:Cl molecular mass ratio). The primary outcome was the difference 

between actual 24hrUNa excretion and that predicted using estimating formulas.

Statistical analysis

Data were assessed for normality using the Skewness-Kurtosis test, with continuous 

variables expressed as means and standard deviations (SD) and nonparametric data 

expressed as medians and interquartile ranges (IQR). Spearman’s rho correlation and 

Wilcoxon signed rank test were used for nonnormal outcomes when assessing the 

associations and differences between actual and predicted 24hrUNa excretion. The Bland–

Altman method was used to assess agreement between the formulas and regression 

coefficients calculated to evaluate degree of proportional bias [31]. Analyses were conducted 

using STATA V 17.0 software (StataCorp., College Station, Texas, USA), with α = 0.05 

to determine statistical significance. To address missing anthropometric measures in the 

dataset, height and weight values of the same participants collected during an earlier wave 

of data collection 3 years prior were used (Table S1, Supplemental Digital Content, http://

links.lww.com/HJH/C104).

RESULTS

Of the 400 participants randomly selected from the HAALSI cohort to provide urine, one 

was excluded for only providing a spot urine sample. The remaining 399 provided both 

a spot urine and a 24-h urine sample and were therefore included in the analysis. Of the 

399 participants, in comparison to the overall cohort, they were younger (57 vs. 65) and 

had higher median weight (72.9 kg vs. 70 kg) and BMI (26.1 vs. 28.0 kg/m2) with similar 

heights (see Table S2, Supplemental Digital Content, http://links.lww.com/HJH/C104).
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Participant characteristics are outlined in Table 2. 64.7% (n = 285) of participants were 

female, with a median age of 57 years (IQR: 50–64). The prevalence of hypertension was 

higher among women (61%) than men (50%). The mean urine volume provided was 1792 

ml (SD: 882.4) and although 15/399 samples were below 500 ml, none were below 300 mL 

(an accepted cut off for exclusion), and 85% (n = 339) provided >1 l. The median 24hrUNa 

excretion was 2.6 g (IQR: 1.53–4.21), which equated to an average daily salt intake of 

6.6 g. This was not meaningfully altered if all samples <500 ml were excluded (Table 

S3, Supplemental Digital Content, http://links.lww.com/HJH/C104) or if more conservative 

values were assigned to participants with values outside the assays range of detection 

(Table S4, Supplemental Digital Content, http://links.lww.com/HJH/C104 and Table S5, 

Supplemental Digital Content, http://links.lww.com/HJH/C104). There was considerable 

variation within the cohort, with daily sodium excretion ranging from 0.2 g (0.5 g of salt) to 

14.7 g (37.3 g of salt), but most notable was that 65.4% of participants had sodium levels 

above that recommended by the WHO (i.e. 2 g/day) (Fig. 1 and Table 2). When stratified by 

sex, the median 24hrUNa for females and men were 2.6 g and 2.5 g, respectively (P = 0.58) 

(Fig. 2)

The median sodium excretions, as generated by each of the five equations, are outlined 

in Table 3. The estimated 24hrUNa median values were notably higher than the measured 

24hrUNa median values with a median difference of 0.51 g (P = 0.004), 0.99 g (P = 0.00), 

and 1.05 g (P = 0.00) for the Tanaka, Kawasaki, and PMV, respectively. The INTERSALT 

value, with and without potassium, however showed an inconsequential difference compared 

to the measured 24hrUNa of 0.25 g (P = 0.59) and 0.21 g (P = 0.67), respectively.

No correlation between measured and estimated 24hrUNa was found except for the PMV 

formula (0.27, P = 0.00). Bland-Altman plots revealed the mean discrepancies between 

formulas were of a clinically negligible amount, with Tanaka overestimating by 0.07 g and 

the INTERSALTs, with and without potassium, underestimating by −0.27 g and −0.29 g 

respectively (Fig. 3). PMV and Kawasaki had more notable differences of −1.05 g and 

−0.77 g, respectively. There were however proportional biases with all equations, with 

regression coefficients of 1.12 (P = 0.00), 1.43 (P = 0.00), and 1.43 (P = 0.00) for Tanaka, 

and INTERSALTs with and without potassium respectively. PMV and Kawasaki had lower 

regression coefficients, 0.01 (P = 0.9) and 0.21 (P = 0.03), respectively, but in the case 

of the Kawasaki, was unreliable due to marked outliers. All formulas overestimated at the 

lower end of the spectrum and underestimated at the higher end. Although >94% of values 

fell within the limits of agreement (LOA) for all equations, the narrowest LOA, for the 

INTERSALTs, showed a range of 9.5 g of sodium, equating to 24.1 g of salt (range: −11.3 

to 12.8 g) and the widest, for the Kawasaki, a range of 12 g of sodium (30.5 g of salt, range: 

−17.1 to 13.2 g) (Fig. 3).

DISCUSSION

In this rural South African population, we showed that overall median sodium consumption 

based on urine excretion was quite high (6.6 g salt/day) with over 60% of the population 

above the WHO recommended levels of 5 g/day. Further, we found that the INTERSALT 

equations both showed no notable difference in the median estimate of sodium excretion at 
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the population level when compared to the measured 24hrUNa. Thus, for this population 

they may have utility to assess sodium excretion at a population level over time. This is 

likely due to an averaging effect on key factors including variable daily sodium excretion, 

inconsistent creatinine excretion over the course of the day, and variable spot urine 

concentrations.

However, we also showed that all formulas performed poorly in their ability to estimate 

24hrUNa at the individual level, as seen in the low level of correlations with Spearman’s 

rho and the unacceptably wide Bland–Altman LOAs which would equate to clinically 

uninterpretable results. This suggests that change in spot urine is less likely to be helpful 

in evaluating a change in an individual’s salt consumption, as opposed to the population 

level. The considerable proportional bias in all formulas also alludes to their lack of utility 

in determining an individual’s 24hrUNa excretion. These findings have been replicated in 

several other studies within and outside of South Africa [22,26,27,32] and are likely due 

to inter- and intraday variability of sodium and creatinine excretion within an individual 

[16,25,33,34], compounded by the concentration of urine relative to fluctuating water 

consumption. The Tanaka and Kawasaki formulas are also sensitive to outlier results, 

either high spot urine sodium or low spot urine creatinine, as both divide spot sodium 

by spot creatinine in their equations. The INTERSALTs however appear to be slightly less 

vulnerable to over- or underestimations by avoiding both the above-mentioned concerns. 

The Tanaka formula, developed in Japanese individuals aged 20–59 years [18], and the 

Kawasaki formula, developed in Japanese individuals aged 20–79 years [17], may both 

overestimate creatinine and thus underestimate sodium, in an older and overweight cohort 

such as ours - considering that with increasing age creatinine will be expected to drop 

through diminishing muscle mass and, in more overweight populations, weight and BMI 

may be less reflective of underlying muscle mass [33].

The strengths of the INTERSALT formulas are the following: their widespread 

acceptability; their derivation using a larger more diverse population than both the Tanaka 

and Kawasaki; and their ability to adjust for potential confounders which may affect sodium 

excretion, such as creatinine (a marker of kidney function and urine concentration) and 

body habitus (height and weight), unlike the PMV Formula. The PMV formula, although far 

easier to implement by removing the need for creatinine, performed poorly overall despite 

using the mean urine volume from the exact same cohort, in contrast to the originating 

study by Huang et al. [22], which used a urine volume from a separate, ethnically similar 

population. Having an ability to estimate salt consumption in a population using the 

INTERSALT equation in South Africa may be helpful to both monitor the impact of the 

sodium legislation and the impacts reductions in consumption could have on population 

health. Most recently, the China Salt Substitute and Stroke study showed improvements 

across all CMD outcomes as well as mortality with moderate substitution of dietary salt in 

hypertensive subjects over the age of 60 years [35]. Models in rural South Africa suggest a 

modest reduction in salt intake of 0.85 g/person/day could likewise prevent 8% of strokes, 

6.5% of ischemic heart disease, and 11% of hypertensive heart disease cases [36].

The INTERSALTs also showed a less prominent proportional bias than the other formulas. 

Its tendency to underestimate 24hrNa at the high end of the spectrum means those found to 

Toit et al. Page 7

J Hypertens. Author manuscript; available in PMC 2023 May 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have high sodium can be viewed with more certainty. These findings were replicated and 

expanded on by the SAGE group showing a specificity of 100% for the INTERSALTs in 

detecting mean salt excretion >5 g [26]. Such findings add more confidence to its use at the 

population level in correctly classifying populations with markedly raised sodium intake.

We found in this study that the levels of sodium excretion between men and women were 

similar. This was also seen in another South African population study of older adults [26]. 

However, in other studies in other countries, sodium excretion tends to be higher in males 

than females. This difference may be due to an association between BMI and sodium 

consumption since sodium consumption appears to be positively associated with BMI [37–

39], particularly among women [40]. It may therefore be that the difference in BMI (higher 

in females than in males) in our cohort mitigates somewhat the expected difference. Further 

studies to understand this relationship would add to the recommendations of both weight and 

salt reduction for improvements in blood pressure control.

Key strengths of this study are the evaluation of an under-represented rural population 

with a high prevalence of hypertension, the large sample size, the evaluation of widely 

utilized equations, as well as the testing of the more affordable and simpler PMV method. 

Considering the equality of the INTERSALT with and without potassium in accurately 

determining population median sodium, we believe the INTERSALT without potassium 

specifically is preferable due to its lower associated laboratory costs. At 2.89 g/day and 2.85 

g/day, respectively, they were also able to accurately show this population’s median sodium 

consumption was well above the WHO recommended 2 g/day. Recommendations for future 

work would be to determine the INTERSALT’s effectiveness in assessing change in sodium 

excretion over time using serial evaluations within the same population.

Based on our findings, we believe key prerequisites for using a formula for predicting 

24hrNa are to: ensure results are not used for individuals but instead at the population 

level; validate the formula to be used in the population, and age group, of interest to ensure 

variations in creatinine and body composition are accounted for; consider the value of 

assessing 24-h creatinine within the population of interest to minimize systematic bias based 

on incorrect assumptions built into the formulas.

Limitations

Spot urine samples were collected immediately prior to commencing 24-h urine collection, 

and thus differences between the two samples may be attributable to lifestyle differences 

between the two consecutive days. This may have contributed further to the poor 

performance of these equations at the level of the individual. Spot samples were also 

collected throughout the course of the day and therefore did not meet expected collection 

requirements for the Kawasaki equation (second urine sample on waking). This may have 

therefore affected the results associated with the Kawasaki equation.

In conclusion, although the Tanaka, Kawasaki, and INTERSALT equations perform poorly 

at the individual level, our findings suggest both INTERSALT equations are well suited and 

cost-effective alternatives to 24-h urine collection to accurately evaluate population median 

24hrUNa excretion in this rural South African setting. These formulas could play a valuable 
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role in the growing toolkit available to governments and public health agencies in LMICs 

in assessing key at-risk populations to inform local salt regulations, health advertisement 

campaigns, and targeted intervention strategies. However, more work is needed to develop 

tailored prediction equations to better represent populations within LMICs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Distribution of 24-h sodium and salt among participants (measured). Red line indicates 

WHO recommended sodium/salt intake in g/24-h. Percentages in chart area indicates 

percentage of participants above or below the WHO recommended level. NaCl, sodium 

chloride.
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FIGURE 2. 
Box plot of 24-h urine sodium by sex. Box denotes interquartile range (IQR) with median 

represented as the middle line. Potential outliers are identified as dots (1.5 times the IQR 

above the upper quartile). Nonsignificant (ns) difference noted between females and males 

(P = 0.58). Na, sodium.
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FIGURE 3. 
Bland-Altman Plot assessing agreement between measured and estimated 24-hour urine 

sodium derived by formula.
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