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Background. Elevated sodium consumption is associated with increased blood pressure, a major risk factor for cardiovascular and chronic 
kidney disease.
Objectives. To quantify the deaths and disability-adjusted life years (DALYs) attributed to high sodium intake in persons aged ≥25 years in 
South Africa (SA) for 2000, 2006 and 2012.
Methods. Comparative risk assessment (CRA) methodology was used and population attributable fractions (PAFs) of high sodium intake, 
mediated through high blood pressure (BP), for cardiovascular and chronic kidney disease were estimated. This was done by taking the 
difference between the PAF for elevated systolic BP (SBP) based on the estimated SBP level in the population and the PAF based on the 
estimated SBP that would result if sodium intake levels were reduced to the theoretical minimum risk exposure level (1 g/day) according 
to population group and hypertension categories. A meta-regression based on data from nine national surveys conducted between 1998 
and 2017 was used to estimate the prevalence of hypertension by age, sex and population group. Relative risks identified from international 
literature were used and the difference in PAFs was applied to local burden estimates from the second South African National Burden 
of Disease Study. Age-standardised rates were calculated using World Health Organization (WHO) standard population weights. The 
attributable burden was also estimated for 2012 using an alternative target of 2  g/day proposed in the National Strategic Plan for the 
Prevention and Control of Non-communicable Diseases (NSP).
Results. High sodium intake as mediated through high SBP was estimated to cause 8 071 (95% uncertainty interval (UI) 6 542 - 15 474) 
deaths in 2012, a drop from 9 574 (95% UI 8 158 - 16 526) in 2006 and 8 431 (95% UI 6 972 - 14 511) in 2000. In 2012, ischaemic heart 
disease caused the highest number of deaths in persons (n=1 832), followed by haemorrhagic stroke (n=1 771), ischaemic stroke (n=1 484) 
and then hypertensive heart disease (n=1 230). Ischaemic heart disease was the highest contributor to deaths for males (27%), whereas for 
females it was haemorrhagic stroke (23%). In 2012, 1.5% (95% UI 1.3 - 2.9) of total deaths and 0.7% (95% UI 0.6 - 1.2) of total DALYs were 
attributed to high sodium intake. If the NSP target of <2 g/day sodium intake had been achieved in 2012, ~2 943 deaths and 48 870 DALYs 
would have been averted.
Conclusion. Despite a slight decreasing trend since 2006, high sodium intake mediated through raised BP accounted for a sizeable burden 
of disease in 2012. Realising SA’s target to reduce sodium intake remains a priority, and progress requires systematic monitoring and 
evaluation.

S Afr Med J 2022;112(8b):627-638. https://doi.org/10.7196/SAMJ.2022.v112i8b.16490

The article in context
Evidence before this study. High dietary sodium consumption is a key driver of hypertension. There are no national data on dietary sodium 
intake in SA; however, limited older studies performed during the 2000s demonstrated daily intake of sodium to be between 2.4 and 4.8 g/
day compared with recent studies that reported a mean sodium intake of 2.8 g/day in 2015, higher than the <2 g/day sodium (equivalent to 
5 g/day salt) recommended by the WHO in 2012. A modelling study suggests that a modest reduction in the SA population’s sodium intake 
of 0.85 g/day through selected processed foods would result in 7 400 fewer cardiovascular disease deaths and 4 300 fewer non-fatal strokes, 
with cost savings of up to ZAR300 million per year.
Added value of this study. This is the first study to produce comprehensive and comparable assessment of deaths and DALYs attributable 
to high sodium intake in SA, including an uncertainty analysis. Using a consistent approach, our study estimated the attributable burden 
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The burden of cardiovascular diseases continues to grow in South Africa 
(SA).[1,2] This increase is due to the high prevalence of hypertension, the 
upsurge in other risk factors such as obesity, and an ageing population.[3] 
Studies suggest that SA has the highest prevalence of hypertension in 
sub-Saharan Africa,[4,5] ranging from 42% to 54% among people 40 - 60 
years old,[4] with a large number of people (48%) having uncontrolled 
high blood pressure (BP).[6]

High dietary sodium intake has been identified as an important 
factor contributing to the pathogenesis of hypertension and the 
increasing burden of cardiovascular diseases worldwide.[7-14] 
Unequivocal evidence[11,15,16] has highlighted the association between 
high dietary sodium intake and high BP. Reduction in sodium intake 
has been shown to be linked to a decrease  in  both BP levels and 
cardiovascular morbidity and mortality.[17,18] Although the evidence is 
clear that a reduction in high sodium intake leads to reduced BP and 
to cardiovascular benefit, there is some debate about how far sodium 
should be reduced to minimise cardiovascular diseases.[19,20]

According to the World Health Organization (WHO), average 
sodium intake globally is high, ranging from 3.6 to 6 g/day.[21,22] 
Based on evidence, a reduction of daily sodium consumption to 
<2 g/day has been recommended.[21,22] Since then, many countries 
and international organisations have advocated and recommended 
population-based intake targets. In 2017, the Global Burden of 
Diseases, Injuries, and Risk Factors Study (GBD) found high sodium 
intake to be a leading dietary risk factor, accounting for 3 million 
deaths and 70 million disability-adjusted life years (DALYs) a year 
globally (more than half of the diet-related deaths), owing to its 
strong association with cardiovascular disease.[23]

Prior to 2012, there were no national data on dietary sodium intake 
in SA. Local studies[24-26] have demonstrated relatively high daily 
intake of sodium, ranging between 2.4 and 4.8 g/day for different 
communities and population groups. A recent study, based on 24-hour 
urine excretion, conducted by Swanepoel et al. [27] in North West and 
KwaZulu-Natal provinces in three population groups (black African, 
white and Asian – see the disclaimer at the end of the article), reported 
that ~77% of South Africans consume >2 g/day of sodium. The same 
study found an average sodium intake of 2.8 g/day, which is lower than 
the levels reported previously[27] and seems to suggest that there has 
been a decrease in sodium intake.

Based on the evidence of the harmful effects of high sodium intake, 
in 2013 the National Department of Health regulated the sodium 
content of selected processed food categories[28] that are commonly 
eaten, viz. bread, breakfast cereals, processed meat, fat and butter 
spread, soup powders and potato crisps. Furthermore, in its strategic 
plan (National Strategic Plan for the Prevention and Control of 
Non-communicable Diseases 2013  -  17 (NSP)), SA set a target for 
the population to reduce dietary salt intake by 30% by the year 2020 
and recommended consumption of <2 g sodium (5 g salt) per day 
to prevent cardiovascular diseases.[29] For efficiency and effective 
monitoring, SA chose the legislation route of sodium reduction over 
a voluntary approach for the industries. The new legislation was 
implemented progressively in 2016 and 2019.[29]

The first South African Comparative Risk Assessment Study 
(SACRA1) in 2000,[30] conducted by the South African Medical 
Research Council to provide a systematic evaluation of the disease 
burden caused by 17 selected modifiable risk factors, did not 
include high sodium consumption. Since then, Bertram et  al.[31] 
estimated that sodium intake in SA could be reduced by 0.85 g/
day on average through salt regulations on processed foods, and 
~7 400 cardiovascular deaths and 4 300 non-fatal strokes could be 
averted based on the 2008 information. However, information on 
the effects of sodium consumption, as well as the variations of these 
effects according to age, sex and population group over time, has not 
been reported. The study reported in this article aimed to estimate 
the number of deaths and DALYs attributable to high sodium 
consumption mediated through high BP in SA for 2000, 2006 and 
2012 and estimate the burden that would be prevented if the national 
target to reduce the sodium intake was met.

Methods
Terminology
Some countries use the term ‘sodium’ in public health policy 
discourse, while others use the term ‘salt’; the two terms are often 
used synonymously.[32] On a weight basis, salt comprises 40% sodium 
and 60% chloride, and 1 g sodium is equivalent to 2.5 g of salt.[22] 
In this article, we use the term sodium and the conversion of different 
units is as follows: 1 mmol of sodium = 23 mg of sodium or 1 g of 
sodium = 43.5 mmol of sodium.[32]

Comparative risk assessment
A comparative risk assessment (CRA) approach was undertaken 
following the GBD methodology for high sodium intake 
mediated through high systolic BP (SBP), updated in 2017.[23] For 
cardiovascular diseases and chronic kidney diseases, we calculated 
the fraction of disease burden attributable to high sodium intake, 
the population attributable fraction (PAF), as the difference 
between the proportion of disease burden associated with the 
current level of BP in the population and the proportion of disease 
burden if the actual population sodium intake (exposure) were 
shifted to a counterfactual scenario corresponding to the lowest risk 
(theoretical minimum risk exposure level, TMREL) of 1 g/day. [23,33] 
While there is uncertainty around the optimal level of sodium 
intake, the review by Mozaffarian et  al.[33] indicated that a mean 
(standard deviation (SD)) level of 1.0 (0.1) g/day has the lowest risk 
for cardiovascular mortality.

The PAF was estimated in a two-step process. Firstly, for each 
disease outcome o and year y, we calculated the PAF for high SBP as: 

𝑃𝑃𝑃𝑃𝑃𝑃1 =
∫ 𝑅𝑅𝑅𝑅𝑜𝑜(𝑥𝑥)𝑃𝑃1𝑦𝑦(𝑥𝑥)𝑑𝑑𝑥𝑥 − ∫ 𝑅𝑅𝑅𝑅𝑜𝑜(𝑥𝑥)𝑃𝑃′(𝑥𝑥)𝑑𝑑𝑥𝑥
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where RRo(x) is the relative risk (RR) for disease o as a function of the 
SBP x; P1y(x) is the population distribution of SBP in year y; and P'(x) 
is the TMREL distribution for SBP, assumed uniform between 110 

for 15 health-related outcomes for three time points, 2000, 2006 and 2012, due to high sodium intake. There has been a slight decline in 
mortality attributable to sodium since 2006.
Implications of the available evidence. Growing recognition of the role of high sodium intake led SA to legislate sodium restrictions 
in certain processed foods that came into effect in 2016. This study reiterates that the potential benefits of reducing sodium intake are 
considerable. The results suggest that the salt reduction policy could decrease the burden of cardiovascular disease by 2 943 deaths yearly 
and minimise health expenditure in thousands of households in SA. National programmes to monitor sodium consumption, including the 
content in the selected processed foods, need to be developed to inform strategies to reduce cardiovascular disease.
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and 115 mmHg as applied in our estimation 
of the burden attributable to high BP.[34]

We then calculated the attributable 
fractions after removing the effects of high 
sodium in the same population:

𝑃𝑃𝑃𝑃𝑃𝑃2 =
∫ 𝑅𝑅𝑅𝑅𝑜𝑜(𝑥𝑥)𝑃𝑃2𝑦𝑦(𝑥𝑥)𝑑𝑑𝑥𝑥 − ∫ 𝑅𝑅𝑅𝑅𝑜𝑜(𝑥𝑥)𝑃𝑃′(𝑥𝑥)𝑑𝑑𝑥𝑥
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where P2y(x) is the distribution of SBP after 
the effects of the high sodium intake have 
been removed.

The effects of sodium consumption on SBP 
were determined using a linear model from 
the meta-analysis of 103 randomised control 
trials conducted by Mozaffarian et al.[33] The 
model provided shift values in average SBP 
according to age (older persons had larger 
reductions in SBP than younger people), 
population group (black African v. non-black 
African) and hypertensive v. normotensive 
persons (Table  S1 in the appendix, https://
www.samedical.org/file/1816), based on  the 
TMREL target of 1 g of sodium per day 
(43.5  mmol/ day).[35] We used the same SD 
as GBD 2017, calculated from the lower 
and upper confidence limits and assuming 
a normal distribution. In the SA context, we 
have considered white, coloured and Asian 
population groups in the non-black category, 
as salt sensitivity is considered to be a genetic 
factor associated with black Africans.[36,37] By 
calculating PAF1 − PAF2, we get the effect of 
high sodium intake on disease outcomes. For 
the sensitivity analysis using an alternative 
sodium intake target defined by the NSP, 
new shift values were calculated using the 
alternative target of 2 g/day (87  mmol/day) 
(Table  S1 in the appendix: https://www.
samedical.org/file/1816).

Estimates of SBP
As reported by Nojilana et al.,[34] we adopted 
a meta-regression approach for estimation 
of the mean and SD of the population 
distribution of SBP by sex, age (25 - 34, 
35  -  44, 45  -  54, 55  -  64 and ≥65 years) 
and population group in SA. Data on 
individual SBP levels were extracted from 
nine national population surveys conducted 
in SA between 1998 and 2017, namely the 
three South Africa Demographic and Health 
Surveys (SADHSs),[38-40] the five waves of 
the National Income Dynamics Study 
(NIDS),[41-45] and the South African National 
Health and Nutrition Examination Survey 
2012 (SANHANES-1).[46] We excluded the 
first of the multiple SBP readings included 
in the different datasets and those with 
implausible values (SBP <70  mmHg or 
>270 mmHg) and considered the average of 
the remaining readings as the participant’s 

BP.[47] We used standard methods (weighted 
estimators with robust standard error) to 
recover survey-, age-, race- and sex-specific 
estimates of the mean and SD of SBP, taking 
into account the complex sampling design of 
each individual survey. Separately by sex and 
population group, we fit a series of generalised 
additive models with the estimates above as 
outcomes and year, age category and their 
interaction as predictors. In defining the 
structure of the models, we assumed a linear 
temporal trend for both mean SBP and its 
variance, but we left unspecified the shape of 
the relationship between each variable and 
age (modelled as a thin-plate spline).

We fit the models with R Statistical 
Software v. 3.6.0 (R Core Team, Austria), 
and weighted the input estimates according 
to the quality weight approach described by 
Doi et al.,[48] which combines in a principled 
manner information on the relative precision 
of the survey-specific estimates (as conveyed 
by their standard error) with information 
on the relative quality of the data sources[49] 
(summarised by the risk of bias score). The 
estimated coefficients were used to predict 
the values of the variable of interest (and their 
standard error) and recover sex-, age- and 
race-specific temporal trends in the mean and 
SD of SBP, used for the PAF estimation for 
2000, 2006 and 2012.

We also estimated trends in the prevalence 
of hypertension, defined at individual level as 
having an SBP ≥140 mmHg and/or a diastolic 
BP ≥90 mmHg and/or being on (self-reported) 
antihypertensive treatment, to be able to 
calculate the shift in SBP for the counterfactual 
level of sodium intake. We used the same meta-
regression approach described above both 
for cleaning data on diastolic BP (excluding 
readings <30  mmHg or >150  mmHg) and 
for modelling the relationship with time and 
age (Fig.  S1 in the appendix: https://www.
samedical.org/file/1816).

Relative risks
The cardiovascular diseases and chronic 
kidney disease outcomes associated with 
high sodium intake are given in Table  1, 
with the range of variation across age groups 
of the relative risks (RR) for each 10 mmHg 
increase above the TMREL for SBP by age 
group used in GBD 2017. Age-specific RRs 
are shown in Table  S2 in the appendix 
(https://www.samedical.org/file/1816).

The shift in mean SBP attributed to 
high sodium intake was dependent on the 
prevalence of hypertension by population 
group. Fig.  1 shows the prevalence of 
hypertension by population group for 2000, 
2006 and 2012. Variations can be observed 
among the population groups throughout 
the study period. The prevalence of hyper-
tension was highest for the coloured 
population in 2012, followed by the Asian 
and white populations, while it had been 
highest for Asians in 2000.

Attributable burden and 
uncertainty analysis
The PAFs calculated for each disease outcome 
were then applied to the corresponding 
number of deaths and deaths and years of 
life lost (YLLs) due to premature mortality 
based on the second South African National 
Burden of Disease Study (SANBD2) for 
2000, 2006 and 2012, which covers the whole 
country and was adjusted for underreporting 
of deaths.[50] The PAFs were also applied to 
DALYs extrapolated using the ratio of non-
fatal burden to fatal burden from the GBD 
study. The total attributable burden was 
calculated by summing up the burden due to 
each individual disease outcome.
Age-standardised rates were calculated 
for the attributable deaths and DALYs for 
males, females and persons (≥25 years) using 
population estimates[51] and the WHO world 
standard population weights.[52]
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Fig. 1. Prevalence of hypertension among adults (≥25 years) by population group in South Africa for 
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Uncertainty around the point estimates was calculated using Ersatz 
version 1.35,[53] which uses Monte Carlo simulation modelling 
techniques. This allows for uncertainty in the calculations to be 
reflected. Separately for each year, sex, age, population group and 
health outcome, we drew 2 000 random samples from the distributions 
of the parameters of the exposure distribution, the RR  functions, 
TMREL and the shift values, and repeated the calculation of the 
PAFs, attributable deaths, YLLs, years lived with disability (YLDs), 
DALYs and age-standardised rates. We used the 2.5th and 97.5th 
percentiles as the bounds of the 95% uncertainty interval (UI). 
In drawing the samples, a normal distribution was specified for the 
mean and SD estimates of observed population distribution of SBP 
and distribution of SBP after the effects of the high sodium intake 
have been removed, as well as the shift values. For RR estimates 
we used the Ersatz function ErRelativeRisk.[54] The ErRelativeRisk 
function assumes a log-normal uncertainty distribution for the RR 
and introduces a correction to eliminate the upward bias in the mean 
of the randomly drawn values.

Results
Attributable burden
The overall PAFs, estimated attributable deaths and DALYs for each 
disease outcome are shown in Table  2. An estimated 8 431 (95% 
UI 6 972 - 14 511) deaths or 1.7% (95% UI 1.4 - 2.9) of total deaths 
were attributed to high sodium intake in 2000. This increased slightly 
in 2006 to 9 574 (95% UI 8 158  -  16 526) deaths or 1.4% (95% 
UI  1.2 - 2.4) of total deaths, and then decreased in 2012 to 8 071 (95% 
UI 6755 - 15 302) deaths or 1.5% (95% UI 1.3 - 2.9) of total deaths.

Female attributable deaths arising from high sodium intake as 
mediated through high BP were higher than for males (4 552 compared 
with 3 519) in 2012, a decrease from 2000, which was 4 603 for females 
and 3 828 for males.

Table  3 shows the proportion of attributable deaths due to high 
sodium intake out of all deaths, by population group. While the 
proportions were fairly similar for whites and Asians, they were 
consistently higher among Asians for both sexes throughout the study 
period and consistently lowest for black Africans throughout. The 
proportion of the total deaths (all ages) attributable to high sodium 
intake decreased in 2012 for all groups except black Africans.

Percentage of deaths by disease outcome
Fig. 2 shows the percentage of deaths attributable to high sodium by 
disease outcome and by sex for 2000, 2006 and 2012. Attributable 
deaths increased in 2006 and declined slightly in 2012. Females have 
always had higher proportions than males for cardiovascular disease-
related deaths, except for ischaemic heart disease and ischaemic 
stroke. The figure shows that the top four causes of deaths in males 
were similar to those in females with variations in ranking. In 2012, 
ischaemic heart disease was a leading contributor to deaths in males, 
accounting for 27.2%, followed by haemorrhagic stroke (20.3%). In 
females, haemorrhagic stroke was the leading cause, accounting for 
23.2% of deaths, followed by ischaemic stroke (20.5%). Hypertensive 
heart disease was common in both males and females; however, it was 
higher in females (17.6%) compared with males (12.2%). Furthermore, 
other cardiomyopathy contributed more than chronic kidney disease 
in males.

Fig.  3 shows that, nationally, cardiovascular diseases contributed 
more to attributable deaths than chronic kidney disease in both males 
and females in 2000 and 2012. However, the contribution of chronic 
kidney disease increased in 2012 in both genders and across all age 
groups. Male deaths due to cardiovascular diseases and chronic kidney 
diseases peaked around the working age groups (45 - 69 years old) and 
then began to decline from ≥70 years, whereas female deaths showed 
an increase in both these groups of conditions as age increased.

Age-standardised death and DALY rates attributable to 
high sodium intake
National age-standardised death rates per 100 000 population 
increased from 2000 to 2006 to 56 and 47 for males and females, 
respectively, then dropped in 2012 to 43 and 45 (Fig.  4). This 
drop was more notable in the Asian population than in black 
Africans. Coloureds and whites also had much smaller age-
standardised death rates in 2012, but similar rates in 2000 and 
2006 (Fig. 5).

 Age-standardised DALYs also increased in 2006 and dropped 
in 2012 nationally for both males and females. This was again 
more notable in the Asian population, as well as the coloured and 
white populations. The age-standardised DALY rates of the black 
African group also decreased slightly over the study period.

Table 1. RRs per 10 mmHg above the systolic blood pressure TMREL for cardiovascular and chronic kidney disease outcomes
Condition ICD-10 code RR range across age groups
Rheumatic heart disease I00 - I09 1.104 - 1.631
Hypertensive heart disease I11 1.619 - 2.862
Ischaemic heart disease I20 - I25 1.266 - 1.972
Endocarditis and other cardiomyopathy I30, I31, I33, I38 - I40, I42 1.128 - 1.755
Ischaemic stroke G45 - G46.8, I63 - I63.9, I65 - I66.9, 

I67.2 - I67.8, I69.3 - I69.4
1.201 - 1.854

Haemorrhagic stroke I60 - I62, I62.1 - I62.9, I67.0 - I67.1, 
I68.1 - I68.2, I69.0 - I69.2

1.279 - 2.134

Atrial fibrillation and flutter I44, I45, I47, I48 1.134 - 1.76
Aortic aneurysm I71 1.119 - 1.544
Peripheral vascular disease I73 1.095 - 1.728
Other cardiovascular and circulatory diseases I27, I28, I34 - I37, I72, I77 - I78, I80, 

I82 - I84, I86 - I89, I95 - I98
1.137 - 1.744

Chronic kidney disease due to hypertension, and glomerulonephritis I12 - I13.9; N03 - N06 1.281*
Chronic kidney disease due to other and unspecified causes N02, N07 - N08, N18 1.282*
Chronic kidney disease due to diabetes mellitus E10.2, E11.2 1.283*

Source: Adapted from Global Burden of Disease 2017.[23]

RR = relative risk; TMREL = theoretical minimum risk exposure level.
*RR was the same for all ages and both sexes.
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Using the NSP target of reducing sodium intake to 2 g/day for 2012 
would lower the attributable deaths by 2 823 for females and 2 304 
for males, or a total of 5 128 fewer attributable deaths for persons 
(Table 4).

Discussion
In 2012, a high sodium intake in SA was estimated to cause 
8 071 (95%  UI 6 542 - 15 474) deaths and 147 326 (95% 
UI  128  435  -  252  817) DALYs. The burden attributable to high 
sodium intake increased between 2000 and 2006 and then dropped 
in 2012 when  measured in absolute numbers, as well as age-
standardised rates. This is in the context of a rapidly changing 
cause of death profile in SA,[55] with the rapid increase of HIV/AIDS 
until 2006 and the decrease following the roll-out of antiretroviral 
treatment in the mid-2000s, together with differing trends in 
non-communicable diseases (NCDs) including a decline in the 
rate of cardiovascular diseases since 2003.[1] The present study 
found that over time, kidney disease is contributing more to the 
disease burden due to high sodium, while cardiovascular disease is 
decreasing. From 2000 to 2012, ischaemic heart disease accounted 

for the largest number of deaths from cardiovascular diseases in SA, 
attributed to the SBP-raising effect of high sodium intake, followed 
by haemorrhagic stroke. Attributable deaths and DALYs for women 
were consistently higher than for men throughout the period.

It is interesting to note that based on the age-standardised mortality 
rates, there has been a 22 - 23% decline in deaths attributable to high 
sodium intake between 2006 and 2012, even before the introduction 
of salt reduction regulations. This can be seen in a study by Newson 
et  al.,[56] which indicated that nearly 30% of the participants had 
already decreased their salt intake over the previous 6 months. 
It is possible that improved diagnosis of hypertension through 
primary healthcare resulted in patients being guided to reduce salt 
intake, as well as a population shift in the use of salt with growing 
awareness of ‘Use salt sparingly’, as promoted and implemented 
nationally in the food-based dietary guidelines since the early 
2000s. [57-59] Reducing salt intake is a recommendation in the national 
hypertension guidelines,[60] but there is little information about its 
implementation. While the decline in sodium intake suggested by 
Swanepoel et al.[27] appears to be confirmed by the WHO Study on 
Global AGEing and Adult Health (SAGE)[6] conducted in 2016, which 

Table 3. Number of attributable deaths due to high sodium intake and the proportion of all-age deaths by population group in 
South Africa for 2000, 2006 and 2012
Year  Black African, n (%) Coloured, n (%) White, n (%) Indian/Asian, n (%) National, n (%)
Male
2000 2 569 (1.2) 291 (1.7) 791 (3.6) 177 (3.6) 3 828 (1.4)
2006 2 847 (1.0) 330 (1.6) 858 (3.5) 235 (3.9) 4 270 (1.2)
2012 2 680 (1.2) 204 (1.0) 502 (2.1) 133 (2.6) 3 519 (1.3)

Female
2000 3 277 (1.6) 343 (2.5) 835 (4.1) 148 (4.0) 4 603 (1.9)
2006 3 863 (1.3) 390 (2.3) 870 (3.9) 180 (4.0) 5 303 (1.6)
2012 3 696 (1.7) 233 (1.4) 517 (2.4) 106 (2.5) 4 552 (1.8)
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Fig. 2. Percentage of deaths attributable to high sodium intake by disease outcome for (A) males and (B) females aged ≥25 years in South Africa for 2000, 
2006 and 2012. (*Other conditions include chronic kidney disease due to glomerulonephritis, peripheral vascular disease, aortic aneurysm, atrial fibrillation 
and flutter, endocarditis, chronic kidney disease due to diabetes mellitus, and rheumatic heart disease.)
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found a median sodium intake of 2.7 g/day, 
there are limited data on sodium intake 
during the study period. Data from Wave 3 
of SAGE demonstrated a drop in salt intake 
following the interim phase of mandatory 
sodium legislation between 2015 (pre) and 
2018  -  19 (post) of 1.15 g/day (p=0.028). 
No further studies have been conducted 
following the implementation of the stricter 
phase of salt targets (July 2019).[61]

Despite the decrease in age-standardised 
attributable death rates, the present study 
estimated that in 2012, 1.5% (n=8 071) 
of total deaths and 0.7% (n=147 325) of 
DALYs were attributed to the SBP-raising 
effect of high sodium intake among adults 
aged ≥25 years. The attributable burden was 
higher for females than for males, accounting 
for 1.8% (n=4 552) of female deaths and 
0.8% (n=91 988) of female DALYs, whereas 
the figures for males were 1.3% (n=3 519) 
of deaths and 0.6% (n=65 337) of DALYs. 
Our country estimate is higher than the 
GBD 2019[62] estimates for SA, which may 
result from a different approach to account 
for the large uncertainty in the TMREL, 
but are somewhat lower than the global 
estimates from GBD 2019 that 3.3% of 
global deaths and 1.7% of global DALYs 
were attributable to high intake of sodium. 
The populations of countries such as China, 
Japan and Thailand have extremely high 
sodium intake, resulting in this being the 
leading dietary risk factor there.[14]

Our study confirmed that, despite the 
decrease in burden attributable to high 
sodium intake observed between 2006 and 
2012, if the NSP target were to be met, there 
would be a further reduction in disease 
burden. We estimated that 2 943 deaths and 
48 870 DALYs for both males and females 
could potentially have been prevented 
if the set target had been met (Table  4). 
Furthermore, modelling by Watkins et al.[63] 
demonstrates that successful reduction in 
sodium intake will result in cost savings of 
up to ZAR300 million a year in healthcare 
costs, as well as reducing impoverishment 
by preventing out-of-pocket spending 
and catastrophic health expenditure 
affecting the middle class.[64] In addition 
to legislation to address non-discretionary 
sodium intake, the promotion of consumer 
awareness and education through mass 
media campaigns targeting the general 
population and vulnerable groups have 
shown significant positive change in 
behaviour regarding sodium intake in 
other settings.[65,66] However, some research 
has indicated that this approach is costly.[65]

The limitations of this study include 
the sparsity of the national data on dietary 
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sodium intake to calculate mean sodium intake for SA. It was 
therefore not possible to estimate the contribution of stomach 
cancer that could be attributed to high sodium intake, as this 
requires an estimate of national sodium intake. This lack of 
data highlights the need to establish national surveillance and 
monitoring systems for sodium intake.[67] Our data depended on 
extrapolating the quantitative effects of high sodium intake on BP, 

and the GBD RR values for systolic BP on cardiovascular diseases 
were directly obtained from Cochrane studies and the GBD study 
(mainly meta-analysis), which does not necessarily represent the 
risk of cardiovascular disease outcomes for the SA population. 
However, the extrapolation of GBD RR from the meta-analysis 
may not affect the results of longitudinal comparison within the 
same region, as well as horizontal comparison in a population with 
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Fig. 3. Age distribution of high sodium attributable deaths for (A) males and (B) females in South Africa for 2000, 2006 and 2012.
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Figure 5. Age -standardised death rates by population group for (A) males and (B) females in South 
Africa  for 2000, 2006 and 2012 . 
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similar characteristics. Although many of these dietary RRs have 
been adjusted for the major confounders (e.g. age, sex, smoking and 
physical activity), the possibility of residual confounding cannot be 
excluded. Despite the literature reporting uncertainty regarding the 
sodium intake level considered to represent no health risk,[68] our 
study has not allowed for this uncertainty. Instead, we estimated 
the attributable burden against the lowest level (1 g/day) and then 
assessed a second scenario based on meeting the NSP target (2 g/
day). The impact of simultaneously increasing potassium while 
lowering sodium was not investigated in the current analysis, since 
it was beyond the scope of the study.

The strength of this study includes the use of publicly available 
nationally representative surveys on the prevalence of hypertension 
that include both self-reported information on use of medication and 
standard measurement of systolic blood pressure and diastolic blood 
pressure disaggregated by age, sex and population group over time. 
The use of GBD methodology allows comparisons under similar 
conditions. The UIs of the results incorporate the uncertainty of 
many inputs, including the uncertainty of risk exposure and RRs, but 
exclude some sources such as the uncertainty of the burden estimate. 
Furthermore, a degree of caution is necessary when interpreting 
results from a modelling approach that is dependent on multiple 
assumptions.

Tracking sodium intake and the prevalence of hypertension are an 
essential component of NCD surveillance and will contribute to an 
understanding of the effectiveness of salt legislation, as well as provide 
information needed to develop policies and programmes to reduce the 
impact of high BP. However, the national NCD surveillance system is 
currently underdeveloped. Ideally, sodium intake should be monitored 
at a population level using 24-hour urinary excretion, considered the 
‘gold standard’ from a methodological perspective because it captures 
intake from salt added at the table and during cooking, in addition to 
that in foods consumed. The logistics of collecting such data from a 
nationally representative sample of the population are onerous. Neither 
food frequency questionnaires nor spot urine samples, which would be 
much easier to collect, are recommended.[69] Sentinel surveillance may 
be a more practicable approach.

It will also be important to monitor the sodium content of 
processed foods to ensure that the regulations are implemented. 
These data can also be used to update food composition tables. Since 
it is not feasible to monitor every food product on the market, the 
Centers for Disease Control recommends a system of sentinel food 
surveillance.[70] This will involve selecting a list of processed foods and 

a complete nutrient profile for each product listed to provide baseline 
assessments for sodium consumption. Finally, research directed 
towards a better understanding of the salt taste mechanism may lead 
to the identification of more effective salt substitutes, other flavour 
enhancers, or methods to trigger the salt taste sensation using smaller 
amounts of sodium chloride. Health promotion activities should aim 
to improve the sodium-to-potassium ratio through increased intake 
of vegetables and fruit.[71,72] It has been found that a major proportion 
of South Africans do not consume enough potassium.[27,37]

Conclusion
This study has highlighted that high sodium intake resulted in a 
sizeable burden of disease in 2012. Sodium reduction regulations, 
implemented in phases in 2016 and 2019, are an effective strategy to 
help prevent and control hypertension and cardiovascular diseases, 
and can be expected to contribute towards a reduction of the 
attributable burden. The high discretionary salt intake (41%)[24] by 
South Africans means that a population awareness campaign in 
parallel with legislation is essential. In addition, further research 
to understand how food labelling policies can be best used in 
SA is important. Surveillance and monitoring activities should 
be integrated into planned surveys and NCD surveillance to 
assess whether the intended outcomes of the salt regulations 
have been achieved. Our study highlights the need for nationally 
representative population-based data on sodium intake. We found 
that several national surveys have measured BP and collected data 
on hypertension, which we have used to track trends and provide 
limited demographic disaggregation; however, the surveys need to 
apply a standardised methodology and to be conducted regularly. 
Efforts to provide contextualised national estimates for the trends in 
high BP and hypertension and sodium intake should be a priority to 
monitor progress on the NCD targets.

Disclaimer. The population group classification used in this article is 
based on self-reporting according to apartheid-era groups defined by the 
Population Registration Act of 1950, i.e. black African, coloured, Indian/
Asian and white. This classification is used because it has important 
correlates with lifestyle, culture and socioeconomic conditions that impact 
on health and health-related behaviours. The authors do not subscribe to 
this classification for any other purpose.
Declaration. None.
Acknowledgements. The Survey Review team, led by Victoria Pillay-van 
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