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Hypertension (HTN) is a leading underlying cause of death, 
stroke, and myocardial infarction.1–3 In South America, the 
prevalence of HTN varies from 9% to nearly 50%, depending 
on geographical areas and extents of diagnosis, awareness, 
treatment, and control of HTN.4,5 Around 13% of deaths and 
5.1% of disability-adjusted life years in Latin America have 
been attributed to HTN.6 Since sodium intake is regarded as 
a key determinant of blood pressure (BP), reducing sodium 
intake has been proposed as a compelling strategy for car-
diovascular (CV) disease prevention.

Current Latin American guidelines recommend a low 
sodium intake (less than 2.4 g/day) for CV prevention.7–9 

However, the optimal range of sodium intake for CV health 
remains unresolved. In recent years, from 1990 to 2010, 
numerous countries in Latin America have experienced 
substantial changes to their diet, including an increase in the 
consumption of foods that are generally not recommended 
such as processed and fried food.10 Given that the effect of 
sodium intake on BP is influenced by the background diet, 
it is important to assess the association between sodium 
intake and CV outcomes within specific geographic regions 
in the context of the local culture and nutritional prac-
tices.11 Currently, Latin American guidelines are developed 
based on extrapolation of data mostly from North America 
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BACKGROUND
Information on actual sodium intake and its relationships with blood 
pressure (BP) and clinical events in South America is limited. The aim of 
this cohort study was to assess the relationship of sodium intake with 
BP, cardiovascular (CV) events, and mortality in South America.

METHODS
We studied 17,033 individuals, aged 35–70  years, from 4 South 
American countries (Argentina, Brazil, Chile, and Colombia). Measures 
of sodium excretion, estimated from morning fasting urine, were used 
as a surrogate for daily sodium intake. We measured BP and monitored 
the composite outcome of death and major CV events.

RESULTS
Overall mean sodium excretion was 4.70 ± 1.43 g/day. A positive, non-
uniform association between sodium and BP was detected, with a sig-
nificant steeper slope for the relationship at higher sodium excretion 
levels (P < 0.001 for interaction). With a median follow-up of 4.7 years, 
the primary composite outcome (all-cause death, myocardial infarc-
tion, stroke, or heart failure) occurred in 568 participants (3.4%). 
Compared with sodium excretion of 5–6 g/day (reference group), 

participants who excreted >7 g/day had increased risks of the primary 
outcome (odds ratio (OR) 1.73; 95% confidence interval (CI) 1.24 to 
2.40; P < 0.001), as well as death from any cause (OR 1.87; 95% CI 1.23 
to 2.83; P = 0.003) and major CV disease (OR 1.77; 95% CI 1.12 to 2.81; 
P = 0.014). Sodium excretion of <3 g/day was associated with a statis-
tically nonsignificant increased risk of the primary outcome (OR 1.20; 
95% CI 0.86 to 1.65; P = 0.26) and death from any cause (OR 1.25; 95% 
CI 0.81 to 1.93; P = 0.29), and a significant increased risk of major CV 
disease (OR 1.50; 95% CI 1.01 to 2.24; P = 0.048), as compared to the 
reference group.

CONCLUSIONS
Our results support a positive, nonuniform association between esti-
mated urinary sodium excretion and BP, and a possible J-shaped pat-
tern of association between sodium excretion over the entire range and 
clinical outcomes.

Keywords: sodium intake; blood pressure; cardiovascular disease; 
hypertension; mortality.

doi:10.1093/ajh/hpv195

Correspondence: Pablo M. Lamelas (pablo.lamelas@phri.ca).

Initially submitted August 30, 2015; date of first revision September 25, 
2015; accepted for publication November 23, 2015; online publication 
December 18, 2015.

© American Journal of Hypertension, Ltd 2015. All rights reserved. 
For Permissions, please email: journals.permissions@oup.com

1The Population Health Research Institute, Hamilton Health Sciences, 
McMaster University, Hamilton, ON, Canada;  2Department of Clinical 
Epidemiology and Biostatistics, McMaster University, Hamilton, ON, 
Canada;  3Department of Laboratory Medicine, McMaster University, 
Hamilton, ON, Canada;  4Estudios Clínicos Latinoamérica, Rosario, 
Argentina;  5Dante Pazzanese Institute of Cardiology, São Paulo, Brazil;  
6Universidad de la Frontera, Temuco, Chile;  7Fundación Oftalmológica 
de Santander Medical School, Universidad de Santander, Floridablanca, 
Colombia;  8Department of Medicine, McMaster University, Hamilton, 
ON, Canada. 

July

mailto:pablo.lamelas@phri.ca?subject=


American Journal of Hypertension 29(7) July 2016 797

Sodium, Blood Pressure, and Cardiovascular Outcomes

and Europe. Recently, the Prospective Urban and Rural 
Epidemiology (PURE) study of over 102,000 people in 17 
low, middle, and high income countries found a J-shaped 
relationship between sodium and CV disease, with a <3 g/
day and >7 g/day sodium intake associated with an increased 
risk compared to a 4 to 6 g/day intake, despite a positive asso-
ciation between sodium and BP.12,13 A recent meta-analysis 
of 25 cohort studies found a similar optimal range.14

To date, the association between sodium intake and CVD 
events and mortality has not been investigated in a Latin 
American population. While the participants of the current 
study were the same individuals who were included in the 
main overall study, the distinct characteristics of the popu-
lation in this region of the world warrant that an analysis 
be conducted separately on this population. The aim of this 
study therefore was to assess the association of sodium excre-
tion (a surrogate for intake) with BP, CV events and mortal-
ity in the PURE study participants living in South America.

METHODS

Study design and participants

The PURE study is an ongoing epidemiologic cohort study 
which enrolled over 157,000 adults aged 35–70  years from 
urban and rural communities located in 18 countries around 
the world, including 23,141 participants from South America 
(Argentina, Brazil, Chile, and Colombia).15 The study was 
approved by the ethics committees at all participating cent-
ers and at the Hamilton Health Sciences, Hamilton, Ontario, 
Canada. All participants provided written informed consent.

Procedures

A morning fasting midstream urine sample was collected 
from each participant and stored frozen at −20 to −70  °C. 
Samples were shipped in ambient packaging using STP-
250 shipping boxes (Saf-T-Pak) for analysis at the Clinical 
Research and Clinical Trials Laboratory at Hamilton General 
Hospital in Hamilton, Ontario, Canada. Sodium concentra-
tion in each urine specimen was determined by indirect 
potentiometry using the Beckman Coulter UniCel DxC600 
Synchron Clinical System. The mean of duplicate sitting BP 
was measured by trained research assistants at all centers 
after at least 3 minutes rest, following a standardized proce-
dure using an Omron digital BP measuring device (Omron 
HEM-757) provided for all sites.

The Kawasaki formula was employed for estimating 
24-hour sodium excretion estimation,16 which was used as 
a surrogate for daily sodium intake. A validation study using 
the Kawasaki formula with actual 24-hour urine collection 
in 1,083 people from 11 countries showed an intraclass cor-
relation coefficient of 0.71 (95% confidence interval (CI), 
0.65 to 0.76).17 Past medical history and physical measure-
ments at baseline were obtained from every participant with 
standardized procedures and questionnaires. Standardized 
case-report forms were used to capture data on major CV 
events and death during follow-up, which were adjudicated 
centrally in each country by trained physicians using stand-
ardized definitions. For the current analysis, we included 

all adjudicated outcome events in the PURE study database 
through December 2014.

Statistical analysis

Continuous variables were expressed as mean (±SD) and 
categorical variables as percentage. Multivariable linear regres-
sion was used to assess the relationship between electrolyte 
excretion and BP, including age, sex, body mass index, educa-
tional level, alcohol consumption, and country as covariates. 
The difference in systolic and diastolic BP per 1 g (43.5 mmol) 
of urinary sodium excretion was calculated. Analysis of covar-
iance was performed to calculate mean BP among sodium 
excretion levels adjusted by the same covariates. Participants 
were categorized into urinary sodium excretion groups, based 
on 1 g/day increments of excretion. Since few individuals had 
excretion values <2 or >8 g/day, we truncated excretion val-
ues at <3 and >7 g/day to avoid small numbers of individuals 
at the extreme ends of the distribution (no fewer than 2.5% 
of participants in the lowest and highest excretion catego-
ries). On the basis of our restricted-cubic-spline plots for the 
primary outcome, we selected 5–5.99 g/day as the reference 
category because this was the range associated with the low-
est risk of all CV events in multivariable analysis. Secondary 
analyses using sodium creatinine ratio quintile groups, as a 
free-formula approach of urinary sodium excretion, and usual 
sodium excretion were performed. Usual excretion was cal-
culated using regression dilution bias on the basis of baseline 
measurement and remeasurement at 30–90 days in 448 par-
ticipants from the overall PURE cohort.18 Interaction tests 
were performed for estimated sodium excretion level (<3 g, 
3–5 g, and >5 g) and country.

A composite of all-cause death, myocardial infarction, 
stroke, and heart failure was the primary clinical outcome. To 
account for the clustering nature of the data, a multivariable 
logistic-regression analysis with generalized estimating equa-
tions was performed. The primary model included age, sex, 
body mass index, smoking status, diabetes, educational level, 
alcohol consumption, past CV events, and country in the 
model. Secondary multivariable models included the primary 
model plus ratio of low-density lipoprotein cholesterol to 
high-density lipoprotein cholesterol, dietary factors (energy 
intake, fruit, and vegetable intake) and BP related variables 
(systolic BP, history of HTN, and use of antihypertensive 
therapy at baseline). Restricted cubic splines with 4 knots 
were used to plot the association between sodium excretion 
and clinical outcomes. Sensitivity analyses were performed 
excluding those with previous CV events, those with can-
cer (diagnosed before or during the study), and had major 
CV events during the first 2 years of study. All analyses were 
performed with the use of IBM SPSS Statistics for Windows 
(IBM, Version 22.0.; Armonk, NY) and SAS software version 
9.4, for the UNIX operating system (SAS Institute, Cary, NC).

RESULTS

A total of 17,033 (73.6 %) individuals who had provided a 
urine sample out of the 23,141 participants were included in 
the study. Baseline characteristic of the study participants are 
shown in Table 1. Mean age was 51.5 (±9.6) and 59.7% were 
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female. Overall mean sodium excretion was 4.70 ± 1.43 g/
day. Estimated sodium excretion was higher in males than 
females (5.14 ± 1.46 vs. 4.40 ± 1.34 g/day; P < 0.001) and in 
rural areas than urban areas (4.94 ± 1.45 vs. 4.5 ± 1.39 g/day; 
P < 0.001).

Overall, 2.8% of participants had an estimated sodium 
excretion of less than 2.3 g/day, 0.5% below 1.5 g/day, 17% 
more than 6 g/day, and 6.5% more than 7 g/day. A  major-
ity of participants (73.1%) had sodium excretion between 
3–6 g per day. After adjustment for regression dilution bias, 
0.1% of participants had an estimated sodium excretion of 
less than 2.3 g/day, none had less than 1.5 g/day, 11.5% more 
than 6 g/day, and 2.5% more than 7 g/day.

Urinary sodium excretion and blood pressure

After adjusting for covariates, we found a significant 
positive association between estimated sodium excretion 
with systolic (P < 0.001 for trend) and diastolic (P < 0.001 
for trend) BPs (Figure  1A,B). Secondary analysis using 
urinary sodium to creatinine ratio shows a similar pat-
tern (see Supplementary Figure S1). Multivariable linear 
regression showed that overall for each gram of estimated 
sodium excretion there were increments of 1.52 mm 
Hg in systolic (P  <  0.001) and 0.58 mm Hg in diastolic 
BPs (P  <  0.001). After applying regression dilution bias 
correction, for each gram of estimated sodium excre-
tion there was an increment of 2.21 mm Hg in systolic 
(P < 0.001) and an increment of 0.83 mm Hg in diastolic 
BPs (P < 0.001) (see Supplementary Table S1 for country 
specific slopes).

The relationship over the whole range of estimated 
sodium excretion with systolic BP was nonlinear, with a 
significantly steeper slope for the association at a higher 
sodium excretion of more than 5 g/day (1.90 mm Hg per 
gram of sodium; 95% CI 1.42 to 2.38; P < 0.001) than at 
a level of excretion of 3–5 g/day (0.41 mm Hg per gram; 
95% CI −0.30 to 1.12; P = 0.26) or less than 3 g per day 
(0.39 mm Hg per gram; 95% CI −1.60 to 2.39; P = 0.69) 
(P = 0.002 for interaction). Similar results were observed 
for diastolic BP (P < 0.001 for interaction). The slope of 
the association between sodium excretion and systolic 
(P = 0.24 for interaction) and diastolic (P = 0.09 for inter-
action) BPs was similar across countries, after adjust-
ing for covariates and regional differences in potassium 
excretion.

Urinary sodium excretion and clinical outcomes

A total of 16,549 (97.2%) participants had available fol-
low-up clinical data, with a median follow-up of 4.7 years. 
The primary composite outcome of all-cause death or a 
major CV event in these participants occurred in 568 indi-
viduals (3.4%); 417 participants had died (143 from CV 
deaths), 148 had myocardial infarction, 102 had stroke, 
and 41 had heart failure. The group with 5–6 g estimated 
urinary sodium excretion was in the lowest risk category 
with multivariable analysis and this was used as the refer-
ence category.C
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A possible J-shaped association between sodium excre-
tion and CV events and mortality was apparent (Figure 2 
and Supplementary Figure S2). Compared with sodium 
excretion of 5–6 g/day (reference category), participants 
with sodium excretion of greater than 7 g/day was associ-
ated with increased risks of the primary composite outcome 
(odds ratio (OR) 1.73; 95% CI 1.24 to 2.40; P < 0.001), death 
from any cause (OR 1.87; 95% CI 1.23 to 2.83; P = 0.003), and 
major CV disease (OR 1.77; 95% CI 1.12 to 2.81; P = 0.014) 
on multivariable analyses. After adjusting for BP or prior 
diagnosis of HTN, the association between high sodium 
excretion and each of the outcomes was attenuated but 
remained statistically significant (Table  2, Supplementary 
Tables S2 and S3). On multivariable analyses, compared 
with sodium excretion of 5–6 g/day, sodium excretion of 
less than 3 g/day was associated with a statistically nonsig-
nificant increased risk of the primary composite outcome 
(OR 1.20; 95% CI 0.86 to 1.65; P  =  0.26) and death from 
any cause (OR 1.25; 95% CI 0.81 to 1.93; P = 0.29), and a 

significant increase in major CV disease (OR 1.50; 95% CI: 
1.01 to 2.24; P = 0.048) (Figure 2).

A similar pattern of results was found for sodium to creatinine 
concentration ratio vs. each of the outcomes. The lowest quintile 
showed a statistically significant increased risk of the primary 
composite outcome (OR 1.30; 95% CI 1.01 to 1.68; P = 0.04) and 
death from any cause (OR 1.59; 95% CI 1.17 to 2.17; P = 0.003), 
while the highest quintile had an increased risk of the primary 
outcome (OR 1.52; 95% CI 1.10 to 2.13; P = 0.013) and death 
from any cause (OR 1.67; 95% CI 1.12 to 2.50; P = 0.012), as 
compared to the middle quintile group (Figure 2D,E). Further 
analysis excluding individuals with CV disease or cancer at base-
line or those who had events in the first or 2 years of follow-up 
did not materially affect the estimates (Table 2).

DISCUSSION

In this cohort of 17,033 individuals in 4 South American 
countries, we detected a positive association between 

Figure 1. Systolic (A) and diastolic (B) adjusted BPs means according to the estimated urinary sodium excretion using analysis of covariance (ANCOVA). 
Covariates: age, sex, body mass index, educational level, alcohol consumption, and country.
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estimated daily sodium excretion and BP, which was consist-
ent in all 4 countries. We also observed a possible J-shaped 
pattern of association between estimated sodium excretion 
and clinical outcomes, where sodium excretion of greater 
than 7 g/day was associated with an increased risk of CV 
events compared to 5–6 g/day, and sodium excretion below 
3 g/day was associated with an apparent increased risk or 
a trend for an increased risk of CV events or mortality. To 

date, this is the largest study of sodium intake and clinical 
events in South America.

In general, current guidelines in South American coun-
tries recommend maintaining daily salt intake less than 6 g 
(2.4 g of sodium).19–22 The overall daily mean level of sodium 
excretion in our analysis was 4.70 ± 1.43 g, which is gener-
ally consistent with previous assessments in these South 
American countries. The INTERSALT study found a mean 

Figure 2. Estimated urinary sodium excretion and death or major cardiovascular disease (A), all-cause death (B) and major cardiovascular disease alone 
(C). Urinary sodium to creatinine concentration ratio and death or major cardiovascular disease (D), all-cause death (E), and major cardiovascular disease 
alone (F). Results are from restricted cubic splines logistic-regression modeling, including age, sex, body mass index (BMI), smoking status, diabetes, 
educational level, alcohol consumption, past cardiovascular events, and country. Major cardiovascular disease refers to myocardial infarction, stroke, or 
heart failure.
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sodium excretion of 3.58 g in Argentina (200 participants) 
and 4.63 in Colombia (191 participants).23 The participants 
from Brazil comprised of 393 individuals from native tribes 
with extremely low sodium intake.23,24 In a national study of 
sodium intake in Brazil, the mean sodium consumption was 
4.5 g/day, and similar in rural and urban areas and across 
income strata.25 In the 2010 Chilean National Health Survey, 
sodium consumption was estimated to be 3.94 g/day.26 In 
our study, we found that less than 2.8% of the population 
had a sodium excretion of below 2.3 g/day, which suggests 
that prolonged consumption of a low sodium diet is rare, 
which is similarly observed in other parts of the world.13 
Conversely, only 17% had a sodium excretion over 6 g daily 
for which a definite excess harm was observed.

In our study, the overall slope of the association between 
sodium and BP was 1.52/0.58 mm Hg (systolic/diastolic) per 
gram increment of sodium in 24 hours, which is steeper than 
the 0.94/0.03 mm Hg reported in INTERSALT.23 When we 
excluded individuals older than 59 years (the upper age limit 
of INTERSALT), the estimate did not change appreciably 
(1.34/0.57 mm Hg per gram of sodium). After adjusting for 
regression dilution bias, the overall slope of the association 
was 2.21/0.83 mm Hg per gram increment of sodium, which 
is in keeping with findings from a recent meta-analysis of 
sodium reduction trials.27 Further we found a positive but 
nonlinear association between sodium excretion and BP, 
consistent with the overall PURE cohort.13 Specifically a 
steep slope for this association was found among individuals 
with higher sodium excretion (>5 g/day), but a weak, non-
significant association was found among those with 3 to 5 g/
day or <3 g/day sodium excretion. These findings are aligned 
with a recent meta-analysis of randomized trials.28 Our find-
ings suggest that in a South American population, lowering 
sodium intake at the highest levels of intake may result in a 
marked reduction of BP in the population, whereas lowering 
sodium intake from average levels to lower levels of intake is 
more likely to produce negligible BP lowering.

Our present analysis supported a nonlinear association 
between sodium excretion and clinical outcomes and most 
closely resembled a possible J-shaped relationship. For each 
outcome, the estimates for lower sodium intake (<3 g/day) 
compared to 5–6 g/day showed a harmful association or a 
nonsignificant trend for harm. Sensitivity analysis using 
sodium to creatinine ratio, a formula-free approach, showed 
similar results. When excluding clinical events in the first 
2  years, the increased risk of clinical events with lower 
sodium (<3 g/day) compared to 5–6 g/day is attenuated but 
remains in the harmful direction. Our findings were con-
sistent with the overall PURE cohort, other recent cohort 
studies of North American/European populations29–33 and 
a recent meta-analysis of cohort studies involving 274,683 
individuals, which showed a clear degree of excess harm 
with lower levels of sodium excretion.14 We are not aware of 
any previous data on the association between sodium excre-
tion and CV clinical events in South American countries. 
Our findings indicate that in a South American population, 
sodium excretion of >7 g/day is associated with higher risk 
of CV disease/mortality compared to 5–6 g/day, and sodium 
excretion of <3 g/day is also related to an increased risk or no 
lower risk of CV disease or mortality.

The main limitations of the study are analogous to pre-
vious PURE overall cohort studies.12,13 First, the 24-hour 
urinary sodium excretion is calculated by applying the 
Kawasaki formula to an overnight urine sample. Although 
using repeated 24-hour urine samples can be considered the 
reference method for estimating sodium intake, this would 
be impractical for large studies. Further, less frequent meas-
urements introduce mainly random error and reduce statis-
tical precision and most likely to bias relationships toward 
the null, but would not be expected to change the overall pat-
tern of association. The Kawasaki formula was evaluated in a 
previous validation study within the PURE cohort, in which 
this formula had better correlation and agreement with 
24-hour urinary sodium excretion compared with other 
formulas.17 In our formula-free secondary analyses using 
sodium to creatinine concentration ratio, we found a similar 
nonlinear pattern between sodium level and CV events and 
mortality, despite a positive association with BP. Therefore, 
the use of formulae approaches or sodium to creatinine con-
centration ratio does not alter the primary conclusion of our 
findings. Second, this cohort used a non-probabilistic sam-
pling approach and not all South American countries were 
included, raising a concern of lack of representativeness. 
However, as mentioned, our mean sodium excretion levels 
are similar to other previous assessments in these countries. 
Given the homogeneity of the associations across countries, 
it is likely that our findings are applicable to other parts of 
South America. Third, residual confounding cannot be com-
pletely ruled out in any epidemiologic study. However, we 
measured and controlled for known risk factors in extensive 
multivariable analyses and the parameter estimates remained 
consistent, which suggests that confounding is unlikely to 
have been a factor on our study. Finally, a limited number 
of events at both the low and high ends of sodium excretion 
resulted in reduced precision of our estimates. Nevertheless, 
the possible J-shaped pattern was apparent across different 
outcomes, in secondary multivariable models and sensitiv-
ity analyses and is consistent with the findings of the global 
cohort which included over 102,000 people.

In conclusion, our results support the evidence of a 
positive nonlinear association between estimated urinary 
sodium excretion and BP and a possible J-shaped pattern of 
association between estimated sodium excretion and clini-
cal outcomes in South American countries. These findings 
are consistent with previous findings in other geographical 
regions, in which lower sodium consumption is associated 
with increased risk, or no lower risk, of CV events/mortal-
ity compared to a 3–6 g/day sodium intake. With three-
quarters of the population consuming 3–6 g/day, an intake 
range related with the lowest risk of clinical outcomes, and 
less than 20% of the population consuming more than 6 g/
day, our results are not consistent with a universal sodium 
reduction policy.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal 
of Hypertension (http://ajh.oxfordjournals.org).
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