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Association between estimated glomerular filtration rate and 
sodium excretion in urine of African descendants in Brazil: a 
population-based study
Associação entre taxa de filtração glomerular estimada e excreção 
urinária de sódio de descendentes de africanos no Brasil: um estudo 
populacional

Introdução: O consumo excessivo de sal é 
um fator de risco para o desenvolvimento 
de doença renal crônica (DRC). Objetivo: 
Avaliar a associação entre taxa de filtração 
glomerular estimada (eGFR) e excreção uri-
nária de sódio em amostra isolada de uri-
na de brasileiros de ascendência africana. 
Métodos: Trata-se de um estudo transver-
sal de base populacional que incluiu 1.211 
brasileiros de ascendência africana que vi-
vem na cidade de Alcântara, no Maranhão. 
Foram analisados dados demográficos, 
nutricionais, clínicos e laboratoriais. A ex-
creção urinária de sódio foi estimada usan-
do a equação de Kawasaki. Os cálculos da 
TFGe foram realizados por meio da equação 
do Chronic Kidney Disease Epidemiology 
Collaboration. O modelo de regressão line-
ar multivariada foi utilizado para identificar 
a relação entre excreção de sódio e TFGe. 
Resultados: A idade média foi de 37,5 ± 
11,7 anos e 52,8% dos participantes eram 
mulheres. A média da excreção urinária de 
sódio, ao invés de excreção urinária média  
foi de 204,6 ± 15,3 mmol/dia e a TFGe foi 
de 111,8 ± 15,3 mL/min/1,73 m². A regres-
são linear multivariada mostrou que a TFG 
correlacionou-se independentemente com a 
excreção de sódio (β = 0,11; p < 0,001), ida-
de (β = -0,67; p < 0,001), sexo feminino (β = 
-0,20; p < 0,001) e índice de massa corpo-
ral (IMC; β = -0,09; p < 0,001). Conclusões: 
O presente estudo mostrou que idade, sexo 
feminino e IMC correlcionaram-se  negati-
vamente com TFGe. Ao negativamente cor-
relacionados com TFGe. Excreção de sódio 
foi a única variável que mostrou correlação 
positiva com TFGe, indicando que a alta 
excreção urinária de sódio pode determinar 
um quadro de hiperfiltração, acarretando  
consequências adversas para a função renal 
a longo prazo.

Resumo

Palavras-chave: Sódio, Taxa de Filtração 
Glomerular, Doença Renal Crônica, 
Populações Vulneráveis.

Introduction: Excessive salt intake is 
a risk factor for the development of 
chronic kidney disease (CKD). Objec-
tive: To evaluate the association be-
tween estimated glomerular filtration 
rate (eGFR) and sodium excretion in 
urine samples of Brazilians of African 
ancestry. Methods: Cross-sectional, 
population-based study of 1,211 Bra-
zilians of African ancestry living in 
Alcântara City, Maranhão, Brazil. De-
mographic, nutritional, clinical, and 
laboratory data were analyzed. The 
urinary excretion of sodium was es-
timated using the Kawasaki equation. 
Calculations of eGFR were based on 
the Chronic Kidney Disease Epidemi-
ology Collaboration equation. Mul-
tivariate linear-regression model was 
used to identify the relationship be-
tween sodium excretion and eGFR. 
Results: Mean age was 37.5 ± 11.7 
years and 52.8% were women. Mean 
urinary excretion of sodium was 
204.6 ± 15.3 mmol/day and eGFR 
was 111.8 ± 15.3 mL/min/1.73m². 
According to multivariate linear re-
gression, GFR was independently 
correlated with sodium excretion (β 
= 0.11; p < 0.001), age (β = -0.67; p 
< 0.001), female sex (β = -0.20; p < 
0.001), and body mass index (BMI; β 
= -0.09; p < 0.001). Conclusions: The 
present study showed that age, female 
sex, BMI, and correlated negatively 
with eGFR. Sodium excretion was the 
only variable that showed a positive 
correlation with eGFR, indicating 
that high levels of urinary sodium ex-
cretion may contribute to hyperfiltra-
tion with potentially harmful conse-
quences.

Abstract

Keywords: Sodium; Glomerular Fil-
tration Rate; Chronic Kidney Disease; 
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Introduction

High sodium intake is one of the main risk factors for the 
development of diseases, such as stroke, left ventricular 
hypertrophy, chronic kidney disease (CKD), and hyper-
tension.1 In turn, hypertension is one of the major causes 
of CKD. High salt intake may have deleterious effects on 
glomerular hemodynamics, inducing hyperfiltration and 
increasing the filtration fraction and glomerular pressu-
re. This may be particularly important in certain groups 
such as elderly, obese, diabetic or black patients, who ha-
ve a high prevalence of salt-sensitivity.2 Consistent decre-
ases in proteinuria have also been observed with sodium 
restriction, regardless of changes in BP.3

Sodium excretion in a 24-h urinary sample is con-
sidered the gold standard for the evaluation of sodium 
intake. However, the difficulties associated with the ac-
curacy of such urine collection may interfere with the re-
sults, especially in population studies. Thus, the estimate 
of sodium intake from the collection of random urine, at 
a population level, has been increasingly used as a con-
venient and affordable alternative. Several formulas have 
been proposed to convert sodium in a random single-
sample urine into a 24-h excretion estimation, using cre-
atinine values to adjust for urinary concentration.4

Kawasaki et al.5 and Tanaka et al.6 proposed formu-
las based on random urine samples in a Japanese popula-
tion. Estimates of urinary sodium excretion using these 
formulas were close to actual 24-h excretion values. The 
authors concluded that the collection of random urine is 
a suitable alternative to 24-h urine collection in popula-
tion surveys.

Studies in Latin America to assess the effects of in-
creased sodium excretion on renal function in ethnic 
minority groups, including Afro-descendants, are scarce. 
Thus, the aim of the present study was to evaluate the 
association between estimated glomerular filtration 
rate (eGFR) and sodium excretion in urine samples of 
Brazilians of African ancestry who live in a Northeast 
city in Brazil.

Materials and methods

A cross-sectional population-based study was conduc-
ted on Brazilians of African ancestry living in the city of 
Alcântara, state of Maranhão, northeastern Brazil. The 
data in this study are part of the Prevalence of Chronic 
Kidney Disease in Quilombo Communities of Alcântara, 
Maranhão State (PREVRENAL) survey. The survey ai-
med to determine the prevalence of chronic kidney di-
sease in that population from July 2012 to April 2013.

Participants were derived from communities known 
in Brazilian Portuguese as quilombos, which are commu-
nities of self-defined ethnic and racial group with their 
own historical trajectory, specific territorial relations, 
and presumption of descent from Afro-Brazilian slaves. 
In general, quilombos have a certain degree of geograph-
ical isolation and cultural practices that have strong roots 
in the past.7

The sample was obtained by probability sampling 
procedures, in two-stage cluster sampling of census sec-
tors and households. In the first stage, 32 census sectors 
(quilombos) were selected randomly from 139 known 
existing quilombos. The numbers of households were 
obtained for the selected sectors. In the second stage, 
in order to reach the necessary sample size, households 
were randomly selected. From the selected households, 
all individuals aged 18 years or more were invited to 
participate in the study. The purpose of the study was 
explained to those who accepted, and they signed an 
Informed Consent (IC).

Exclusion criteria were individuals less than 18 years 
of age, pregnant women, those using immunosuppres-
sive drugs or with thyroid disorders, and patients with 
the following (based on clinical history and physical 
examination): consumptive chronic diseases (cancer or 
acquired immunodeficiency syndrome), hematological 
diseases, autoimmune diseases, systemic or genitourinary 
tract infection, and chronic or acute kidney disease un-
dergoing dialysis.

Sample size was calculated based on the power to 
detect correlations between GFR and sodium excretion, 
assuming a correlation between the two measures of at 
least 0.10, alpha error of 0.05 with a two-tailed test, and 
power of 0.90 to detect a large correlation. The calcu-
lated minimum sample size was 1,047 individuals. An 
additional 15% was added to compensate for eventual 
losses (n = 1,205).

The initial stage of the study comprised the collec-
tion of household data, through interviews using a struc-
tured questionnaire, including demographic and socio-
economic, lifestyle, previous medical history, medication 
consumption, use of health services.

For the evaluation of economic status, two factors 
were considered: the family’s monthly income, cat-
egorized into multiples of minimum wage (which in 
Brazil at the time was approximately US $296), and 
the Criterion of Brazilian Economic Classification 
(CCEB), which divides the population into seven 
classes: A1 and A2, B1 and B2, C, D, and E, from 
best to worst economic status8. The education of 
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individuals was categorized as ≤ 8 years and > 8 years 
of formal study.

After answering the questionnaire, the BP was mea-
sured on the right arm while the individual was seated, 
after resting for at least 5 min, using a digital sphygmo-
manometer (Omron® 705-IT, Japan), with an appropri-
ate-sized cuff covering approximately 80% of the arm 
area. Three measurements were made, with a minimum 
interval of 3 min between measurements. The first mea-
surement was discarded and the average of the other two 
was used.9

Two urine collection containers previously identified 
with the name and the numbers one and two (for the 
first and second urine collection of the day) were deliv-
ered to individuals. They were instructed on collection 
procedures and storage, and the need to fast for blood 
collection and clinical exams.

The next day (second stage) participants delivered 
the urine samples and underwent blood sample collec-
tion in a predetermined location. The collected blood 
and urine samples were identified. The first urine sample 
was used for sediment analysis and the second was used 
for creatinine and sodium excretion analysis. The blood 
was centrifuged and placed in styrofoam containers with 
ice and transported to the reference laboratory where 
the analyses were performed. On the same day, weight 
(in kilograms) was measured on a portable digital scale 
(Plena®, Brazil) and height (in meters) with a stadiometer 
(Alturexata®, Brazil), both following the recommended 
techniques.

For anthropometric measurements, the body mass 
index (BMI) was calculated as the ratio between body 
weight and the square of the height. The classification 
recommended by the WHO was used as follows: un-
derweight, BMI < 18.5 kg/m²; normal weight, BMI ≥ 
18.5 kg/m² and < 25 kg/m²; overweight, BMI ≥ 25 kg/
m² and < 30 kg/m²; and obese, BMI ≥ 30 kg/m².10 The 
waist circumference (WC) was measured at the midpoint 
between the last rib and the iliac crest at full expiration, 
using a non-extensible anthropometric tape (Sanny®, 
Brazil). The adopted cutoff point was as follows: high 
risk, WC ≥ 94 cm for men and ≥ 80 cm for women; and 
very high risk, WC ≥ 102 cm for men and ≥ 88 cm for 
women.11

Measurements of serum creatinine (Jaffé method), 
fasting plasma glucose (UV Hexokinase, Automated), 
triglycerides (Enzyme/Trinder, Automated), to-
tal cholesterol (Enzyme/Trinder, Automated), high 
density lipoprotein-cholesterol (HDL-c) (Dextran/
Magnesium Sulfate/Sulfate, Automated), low density 

lipoprotein-cholesterol (LDL-c) (Dextran/Magnesium 
Sulfate/Sulfate, Automated) were carried out.

The Kawasaki formula,5 validated in a Brazilian 
population,12 was used to estimate the sodium excretion. 
After estimating the excretion of 24-h urinary creatinine 
(CrPr-24h) and the sodium/creatinine ratio in random 
urine (Na/CrUr), the total sodium content in 24-h urine 
(Na-24h) was estimated. The formula is: 

23 x 16.3 x {[(Na (mEq/L) in spot urine /Cr (mg/dL) 
in spot urine x 10] x PrUCr24h}0.5. The predicted val-
ues of CrPr-24h (mg) = [(15.12 x weight, kg) + (7.39 x 
height, cm) - (12.63 x age, years)] - 79.9 (for men); and 
CrPr-24h (mg) = [(8.58 x weight, kg) + (5.09 x height, 
cm) - (4.72 x age, years)] - 74.95 (for women).

Renal function was evaluated using serum creati-
nine and eGFR (mL/min/1.73 m²) by using the equation 
proposed by the Chronic Kidney Disease Epidemiology 
(CKD-EPI) study: 141 × min(serum creatinine/κ, 1)α 
× max(serum creatinine/κ, 1)-1.209 × 0.993Age × 1.018 if 
women, × 1.159 if black; with: κ = 0.7 for women and 
0.9 for men; α = 0.329 for women and -0.411 for men; 
min is the minimum serum creatinine or 1; and max in-
dicates the maximum serum creatinine.13

The collected data were analyzed using STATA soft-
ware (STATA Version 14.0, Stata Corporation, College 
Station, Texas). The descriptive analysis was initially 
performed, both in the total sample and according to 
sex. Categorical variables were presented as frequencies 
and percentages and numerical as means and standard 
deviations (mean ± SD). The normality of the numerical 
variables was assessed using the Shapiro-Wilk test.

To compare differences in the means by sex, an un-
paired t-test or Mann-Whitney test was used. The level 
of significance was 5%. A multivariate linear regression 
model was adjusted to determine the relation between 
GFR and sodium excretion. In the regression analysis, 
the numeric independent variables have been rescaled 
by subtracting their mean and dividing by their standard 
deviations. This standardization was carried out to facili-
tate comparability of the relative importance of indepen-
dent variables in the model.

The local ethics committee approved the 
PREVRENAL study, which was carried out according 
to their rules.

Results

A total of 1,211 individuals of African descent were 
included in the final sample. The characteristics of the 
total sample grouped by sex (men and women) is shown 
in Table 1. The mean age was 37.5 ± 11.7 years; 52.8% 
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Variables
Total

n (%)

Men

n (%)

Women

n (%)
p-value

Skin color

0.789
	 White 124 (10.2) 55 (44.3) 69 (55.7)

	 Black or brown 1081 (89.3) 514 (47.6) 567 (52.4)

	 Other 6 (0.5) 3 (50.0) 3 (50.0)

Highest education

0.157	 ≤ 8 years 709 (58.6) 347 (48.9) 362 (51.1)

	 > 8 years 502 (41.4) 225 (44.8) 277 (55.2)

Income (× minimum wage)

0.012

	 No fixed income 606 (50.1) 303 (50.0) 303 (50.0)

	 Up to 1 429 (35.4) 185 (43.1) 244 (56.9)

	 > 1 and ≤ 2 136 (11.2) 62 (45.6) 75 (54.4)

	 > 2 40 (3.3) 22 (55.0) 18 (45.0)

Smoking

< 0.001	 Yes 123 (10.2) 96 (78.1) 27 (21.9)

	 Non-smoker or former smoker 1088 (89.8) 476 (43.8) 612 (56.2)

Alcohol consumption

< 0.001	 Yes 562 (46.4) 359 (63.9) 203 (36.1)

	 Non-drinker or former drinker 649 (53.6) 213 (32.9) 436 (67.1)

BMI (kg/m²)

< 0.001

	 Underweight 25 (2.1) 12 (63.9) 13 (52.0)

	 Normal weight 620 (51.2) 365 (58.9) 255 (41.3)

	 Overweight 404 (33.4) 165 (40.8) 239 (59.2)

	 Obese 161 (13.3) 29 (18.0) 132 (82.0)

WC (cm)

< 0.001
	 Normal 649 (53.6) 491 (75.6) 158 (24.4)

	 High risk 191 (15.8) 531 (27.8) 138 (72.2)

	 Very high risk 371 (30.6) 28 (7.6) 343 (92.4)
BMI: body mass index; WC: waist circumference.

Table 1	 Demographic, socioeconomic, and anthropometric characteristics of African descendants of		
	  Alcântara - MA, 2013

were women, 89.3% declared themselves as black or 
brown, and 58.6% had less than 8 years of schooling. 
The prevalence of alcoholic beverage and cigarette con-
sumption was 46.4 and 10.2%, respectively. Regarding 
anthropometric evaluation, 13.3% of respondents were 
obese based on BMI, and 30.6% had a high risk of car-
diovascular disease according to WC.

Women were significantly more likely than men to 
be overweight or obese according to BMI and had more 
WC values within the risk group. However, higher in-
come, smoking, and alcohol use were more frequent 
among men (Table 1).

The prevalence of reduced (< 60) and elevated (> 
120 mL/min/1.73m²) GFR were 0.5% and 32.9%, 

respectively (data not shown in table). The average uri-
nary sodium excretion of the total sample was 204.6 ± 
86.2 mmol/day. Male subjects had, on average, higher 
SBP (128.6 ± 16.5 mm Hg vs. 122.6 ± 20.0 mm Hg; p 
< 0.001) and serum creatinine (0.8 ± 0.1 mg/dL vs. 0.6 
± 0.1 mg/dL; p < 0.001) values than female subjects did. 
On the contrary, women had higher values for total cho-
lesterol, HDL-c, LDL-c, and estimated GFR by CKD-EPI 
equation than male subjects did (Table 2).

According to multivariate linear regression, GFR 
was independently correlated with sodium excretion (β 
= 0.11; p < 0.001), age (β = -0.67; p < 0.001), female sex 
(β = -0.20; p < 0.001), and BMI (β = -0.09; p < 0.001) 
(Table 3).
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Variables Total Men Women p-value

SBP (mmHg) 125.4 ± 18.7 128.6 ± 16.5 122.6 ± 20.0 < 0.001

DBP (mmHg) 76.0 ± 11.3 75.5 ± 11.5 76.5 ± 11.2 0.205

Fasting glucose (mg/dL) 100.4 ± 26.5 99.5 ± 22.6 102.2 ± 29.6 0.369

Total cholesterol (mg/dL) 186.6 ± 43.8 176.8 ± 38.6 195.3 ± 46.4 < 0.001

HDL-c (mg/dL) 49.0 ± 17.9 47.3 ± 13.9 50.5 ± 20.6 < 0.001

LDL-c (mg/dL) 114.0 ± 36.3 106.5 ± 32.8 120.5 ± 37.9 < 0.001

Triglycerides (mg/dL) 120.6 ± 79.0 117.7 ± 76.9 123.1 ± 80.8 0.149

Serum creatinine (mg/dL) 0.7 ± 0.2 0.8 ± 0.1 0.6 ± 0.1 < 0.001

GFR (mL/min/1.73m²) 111.8 ± 15.3 110.6 ± 14.6 112.8 ± 15.9 < 0.001

Urinary sodium excretion (mmol/day) 204.6 ± 86.2 206.5 ± 77.5 202.8 ± 93.9 0.144

Table 2	C haracteristics according to clinical and biochemical variables of African descendants of 		
	A lcântara - MA, 2013

Values are mean ± SD; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-c: high density lipoprotein cholesterol; LDL-c: low density 
lipoprotein-cholesterol. GFR: glomerular filtration rate estimated using the CKD-EPI equation.

Variables
Univariate Multivariate

Β p-value CI 95% Β p-value CI 95%

Age 0.49 < 0.001 0.48 - 0.52 -0.67 < 0.001 -0.72 - -0.62

Female sex 0.86 0.011 0.77 - 0.97 -0.20 < 0.001 -0.29 - -0.12

BMI 0.81 < 0.001 0.77 - 0.86 -0.09 < 0.001 -0.14 - -0.04

Fasting glucose 0.84 < 0.001 0.80 - 0.90

Average SBP 0.74 < 0.001 0.70 - 0.78

Average DBP 0.74 < 0.001 0.70 - 0.78

Urine Na excretion 1.08 0.008 1.02 - 1.15 0.11 < 0.001 0.07 - 0.15
β = model coefficient; CI: confidence interval; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.

Table 3	M ultivariate linear regression analysis coefficients for glomerular filtration rate estimated by 		
	C KD-EPI Equation

Discussion

In the present study, an average of 204.6 ± 86.2 
mmol/day of sodium excretion was observed among 
Brazilians of African ancestry, representing a salt con-
sumption of 11.9 g/day (4.7 g of sodium/day). This va-
lue is similar to that reported for the overall Brazilian 
population, which is approximately 11.4 g/day of salt 
(4.5 g of sodium/day)14 and worldwide, ranging from 
9 to 12 g per person per day.15 This value exceeds 
by more than two times the WHO recommendation, 
which is 5 g of salt/day (2.0 g of sodium/day).16

Other studies reported lower values. The 
Prevention of Renal and Vascular End-stage Disease 
(PREVEND) study in the Netherlands with 7,543 
adults yielded an average 24-h sodium excretion of 
142 ± 51 mmol/day, which corresponds to a daily in-
take of 8.2 g of salt/day (3.3 g of sodium/day).17 Asian 
individuals presented even lower values, albeit still 
exceeding WHO recommendations16 with a mean 
value of 125 ± 53.4 mmol/day (7.3 g of salt/day),18 

highlighting the need for additional efforts to reduce 
salt consumption.

In the present study, we observed a positive associ-
ation between sodium excretion in a single urine sam-
ple and GFR. It should be noted that the average GFR 
values in the population were within normal param-
eters; only 6 patients (0.5%) showed a reduced GFR 
(< 60 mL/min/1.73 m²), while 32.9% showed a GFR 
> 120 mL/min/1.73m². Thus, elevated sodium excre-
tion occurred in subjects with relatively preserved re-
nal function. The positive correlation between GFR 
and very high levels of sodium excretion could lead to 
hyperfiltration scenarios and, consequently, to harm-
ful effects.

A study conducted by Park et al.,19 found an as-
sociation between glomerular hyperfiltration and 
increased mortality from all causes in an apparently 
healthy population. The study also pointed to the 
possibility of using glomerular hyperfiltration as a 
new marker for mortality.
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The literature suggests that African-Americans 
are more prone to retention of sodium and to salt-
sensitive hypertension than Caucasians.20 According 
to Price et al., even healthy African-Americans show 
a 10% lower in renal plasma flow compared to age-
matched Caucasians, possibly due to the action of an 
activated intrarenal renin-angiotensin system (RAS).21 
Brenner et al. also point out that people of African de-
scent have fewer nephrons compared to Caucasians.22

Moreover, high sodium intake has been linked to 
CKD progression. Deficient sodium excretion is often 
associated with compromised renal function, causing 
high blood pressure and proteinuria, glomerular hy-
perfiltration, and reduced response to intrarenal RAS 
blockade.2,23

Data from a prospective cohort study conducted 
on stage 3 kidney failure patients seen in primary care 
showed that CKD patients who reduced their sodi-
um intake showed a decrease in BP, proteinuria, and 
pulse-wave speed over a 1-year period. A subgroup 
analysis that included only albuminuric participants 
showed an improvement in albuminuria only in those 
who decreased their sodium intake.24 Therefore, it has 
been recommended to reduce sodium intake in adults 
to < 2 g per day (corresponding to < 5 g of sodium 
chloride) to preserve renal function.25

The present study also found a negative asso-
ciation between age and GFR. It is known that age 
should be considered when establishing GFR refer-
ence values, as renal function decreases with age.26 
Soares et al.27 showed that GFR begins to decrease 
significantly after 45 years of age, with a significant 
inverse correlation between age and GFR (r = -0.33, 
p < 0.001).

Granerus and Aurell28 analyzed data from eight 
studies conducted between 1950 and 1980, finding 
a decline in GFR of up to 4 mL/min per decade for 
ages < 50 years, and up to 10 mL/min for ages >50 
years. Subsequently, Poggio et al.29 showed that GFR 
decreases at a rate of approximately 4 mL/min per 
decade in younger (< 45 y) individuals.

In the present study, GFR was higher in women, 
corroborating a study by Carrero30 that highlighted 
the influence of sex in CKD progression. The possible 
explanations for sex-influenced GFR decreases in-
clude cultural, social, and environmental differences 
such as adherence to treatment or disease perception, 
and biological differences, such as genetic and hor-
monal factors.31

Obesity also had an impact on GFR. Our find-
ings showed that BMI correlated negatively with 
GFR, unlike other previously published studies. 
Glomerular hyperfiltration has been suggested as a 
possible mechanism linking obesity to CKD. Ogna 
et al.32 evaluated 1339 participants and identified 
a prevalence of overweight and obesity of 32.2 and 
14.2%, respectively. The mean CrCl in overweight 
individuals was 110 [87-136] mL/min and 124 [97-
150] mL/min in obese subjects (p < 0.001). The 
prevalence of glomerular hyperfiltration increased 
with increasing categories of BMI (10.4, 20.8 and 
34.7%, respectively, p < 0.001). This positive as-
sociation remained significant after adjustment 
for other known CKD risk factors, suggesting that 
glomerular hyperfiltration may represent an early 
renal phenotype in obesity.

Another study conducted in Melbourne with in-
dividuals aged between 18 and 57 years showed that 
85.6% were classified as overweight or obese accord-
ing to BMI and a positive association between eGFR 
and BMI (r = 0.23, p = 0.02) and waist circumference 
(r = 0.23, p = 0.02) was observed, although none of 
the anthropometric measures were independently re-
lated to eGFR. There was a tendency for BMI to inter-
act with eGFR, particularly in the overweight group, 
although it was not statistically significant.33 In 
agreement with our findings, a cross-sectional study 
of 1,100 Chinese subjects showed a significantly de-
creased eGFR that was negatively correlated to BMI 
regardless of the presence of diabetes or high blood 
pressure. Every 1.0 kg/m2 increase in BMI led to a 
decrease of 0.5 mL/min/1.73m2 in eGFR.34 Another 
study conducted in a representative sample of the 
British population demonstrated that the risk of CKD 
was 2.5 times higher in obese participants compared 
to normal-weight participants in the adjusted model 
(BMI = 30.0-39.9 kg/m2: Adjusted OR = 2.78 (95% 
CI = 1.75 - 4.43); BMI ≥ 40.0 kg/m2: Adjusted OR = 
2.68 (95% CI = 1.05-6.85).35

A cohort study performed with 3,376,187 American 
individuals with eGFR > 60 mL/min/1.73m2 also evalu-
ated its association with BMI over different age groups. 
It was shown that 8.1% of patients showed a rapid de-
cline in renal function (> 5 mL/min/1.73m2), exhibiting 
a consistent U-shaped association with BMI, which was 
more prominent with increasing age; patients younger 
than 40 years were an exception, as BMI did not appear 
to be a predictor of compromised renal function.36
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The estimate of sodium intake from a random 
urine sample, at a population level, is increasingly 
used as a convenient and affordable alternative, al-
though 24-h urine collection is the “gold standard”. 
Nevertheless, random urine samples may indicate 
poorly 24-h urinary excretion due to individual varia-
tions3, which is a limitation.

Many formulas have been proposed to convert so-
dium in random urine sample into a 24-h excretion es-
timation by using creatinine to adjust for urinary con-
centration. A study in different populations showed 
a larger interclass correlation coefficient between 
the estimated and measured excretion of sodium us-
ing Kawasaki’s equation compared to INTERSALT 
and Tanaka’s Equations.37 In Brazil, Mill et al. devel-
oped a study to validate the Tanaka and Kawasaki 
equations.12

The strengths of this study include the large rep-
resentative sample and the random selection of par-
ticipants, who belonged to a vulnerable population. 
This was the first population-based study on African-
descent communities of Maranhão and Brazil that 
evaluated eGFR and sodium excretion.

A limitation to the study is the cross-sectional na-
ture of urine sampling. We did not use the gold stan-
dard for measuring sodium excretion, but rather an 
estimating equation validated in Brazil.

Although there is individual variation in sodium 
excretion during the day, a random sample tends to 
underestimate or overestimate its excretion. However, 
the estimate of urinary sodium can be a means to 
monitor dietary sodium intake in population studies, 
and in low-income individuals, where 24-h collection 
can be logistically difficult for several reasons.4

Conclusions

The present study showed a low occurrence of re-
duced GFR and high sodium excretion in this eth-
nic group. Sodium excretion was the only variable 
that correlated positively with GFR, indicating 
that high levels can contribute to hyperfiltration 
scenarios and their potential future negative con-
sequences. It is suggested that the measurement 
of sodium excretion should be incorporated as 
a CKD- and cardiovascular-disease-preventi-
ve measure in populations with similar clinical 
characteristics.

Acknowledgements

The authors are grateful to the Foundation for Research 
in the State of Maranhão (FAPEMA) for financial sup-
port, and to the individuals who agreed to participate.

References

	 1.	Zhao D, Qi Y, Zheng Z, Wang Y, Zhang XY, Li HJ, et al. 
Dietary factors associated with hypertension. Nat Rev Cardiol 
2011;8:456-65.

	 2.	Boero R, Pignataro A, Quarello F. Salt intake and kidney disea-
se. J Nephrol 2002;15:225-9.

	 3.	McMahon EJ, Bauer JD, Hawley CM, Isbel MN, Stowasser 
M, Johnson DW, et al. A randomized trial of dietary sodium 
restriction in CKD. J Am Soc Nephrol 2013;24:2096-103.

	 4.	McLean RM. Measuring population sodium intake: a review of 
methods. Nutrients 2014;6:4651-62. 

	 5.	Kawasaki T, Itoh K, Uezono K, Sasaki H. A simple method 
for estimating 24 h urinary sodium and potassium excretion 
from second morning voiding urine specimen in adults. Clin 
Exp Pharmacol Physiol 1993;20:7-14.

	 6.	Tanaka T, Okamura T, Miura K, Kadowaki T, Ueshima H, 
Nakagawa H, et al. A simple method to estimate populational 
24-h urinary sodium and potassium excretion using a casual 
urine specimen. J Human Hypertens 2002;16:97-103.

	 7.	Almeida AWB. Os quilombolas e a Base de lançamento de fo-
guetes de Alcântara: Laudo antropológico. Brasília: Ministério 
do Meio Ambiente; 2006. 

	 8.	Associação Brasileira de Empresas de Pesquisa (ABEP). Critério 
de Classificação Econômica Brasil. São Paulo: ABEP; 2012. 

	 9.	Sociedade Brasileira de Cardiologia, Sociedade Brasileira de 
Hipertensão, Sociedade Brasileira de Nefrologia. VI Dire-
trizes Brasileiras de Hipertensão Arterial. Arq Bras Cardiol 
2010;95:1-51.

10.	World Health Organization (WHO). Obesity: preventing and 
managing the global epidemic. Report of a WHO consultation 
on obesity. Geneva: WHO; 1998.

11.	World Health Organization (WHO). Physical status: the use 
and interpretation of anthropometry. Geneva: WHO; 1995.

12.	Mill JG, Rodrigues SL, Baldo MP, Malta DC, Szwarcwald CL. 
Estudo de validação das equações de Tanaka e Kawasaki para 
estimar a excreção diária de sódio através da coleta de urina 
casual. Rev Bras Epidemiol 2015,18:224-37.

13.	Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, 
Feldman HI, et al.; CKD-EPI (Chronic Kidney Disease Epide-
miology Collaboration). A new equation to estimate glomeru-
lar filtration rate. Ann Int Med 2009;150:604-12.

14.	Sarno F, Claro RM, Levy RB, Bandoni DH, Monteiro CA. 
[Estimated sodium intake for the Brazilian population, 2008-
2009]. Rev Saúde Pública 2013;47:571-8. Portuguese.

15.	Brown IJ, Tzoulaki I, Candeias V, Elliott P. Salt intakes around 
the world: implications for public health. Int J Epidemiol 
2009;38:791-813.

16.	Coxson P, Mekonnen T, Guzman D, Goldman L. Less salt 
in teenager’s diet may improve heart health in adulthood. In: 
Proceedings of the American Heart Association Meeting 2010; 
2010 Nov 13-17; Chicago, IL, USA.

17.	Joosten MM, Gansevoort RT, Mukamal KJ, Lambers Heers-
pink HJ, Geleijnse JM, Feskens EJ, et al.; The PREVEND Study 
Group. Sodium excretion and risk of developing coronary heart 
disease. Circulation 2014;129:1121-8.

18.	Whitton C, Gay GM, Lim RB, Tan LW, Lin WY, van Dam 
RM. Evaluation of Equations for Predicting 24-Hour Urinary 
Sodium Excretion from Casual Urine Samples in Asian adults. 
J Nutr 2016;146:1609-15.



Braz. J. Nephrol. (J. Bras. Nefrol.) 2018;40(3):248-255

Estimated glomerular filtration and sodium excretion

255

19.	Park M, Yoon E, Lim YH, Kim H, Choi J, Yoon HJ. Renal 
hyperfiltration as a novel marker of all-cause mortality. J Am 
Soc Nephrol 2015;26:1426-33.

20.	Chun TY, Bankir L, Eckert GJ, Bichet DG, Saha C, Zaidi SA, et 
al. Ethnic differences in renal responses to furosemide. Hyper-
tension 2008;52:241-8.

21.	Price DA, Fisher ND, Osei SY, Lansang MC, Hollenberg NK. 
Renal perfusion and function in healthy African Americans. 
Kidney Int 2001;59:1037-43.

22.	Brenner BM, Garcia DL, Anderson S. Glomeruli and blood 
pressure. Less of one, more the other? Am J Hypertens 
1988;1:335-47.

23.	Hocher B, Dembowski C, Slowinski T, Friese ST, Schwarz A, 
Siren AL, et al. Impaired sodium excretion, decreased glome-
rular filtration rate and elevated blood pressure in endothelin 
receptor type B deficient rats. J Mol Med (Berl) 2001;78:633-
41.

24.	Nerbass FB, Pecoits-Filho R, McIntyre NJ, Shardlow A, McIn-
tyre CW, Taal WM. Reduction in sodium intake is indepen-
dently associated with improved blood pressure control in 
people with chronic kidney disease in primary care. Br J Nutr 
2015;114:936-42.

25.	Kirsztajn GM, Salgado Filho N, Draibe SA, Netto MVP, Thomé 
FS, Souza E, et al. Fast reading of the KDIGO 2012: Guidelines 
for evaluation and management of chronic kidney disease in 
clinical practice. J Bras Nefrol 2014;36:63-73.

26.	Grewal GS, Blake GM. Reference data for 51 Cr-EDTA mea-
surements of the glomerular filtration rate derived from live 
kidney donors. Nuclear Med Comm 2005,26:61-5.

27.	Soares AA, Prates AB, Weinert LS, Veronese FV, de Azevedo 
MJ, Silverio SP. Reference values for glomerular filtration rate 
in healthy Brazilian adults. BMC Nephrol 2013;14:54.

28.	Granerus G, Aurell M. Reference values for 51 Cr-EDTA clea-
rance as a measure of glomerular filtration rate. Scand J Clin 
Lab Invest 1981;41:611-6.

29.	Poggio ED, Rule AD, Tanchanco R, Arrigain S, Butler RS, Sri-
nivas T, et al. Demographic and clinical characteristics asso-
ciated with glomerular filtration rates in living kidney donors. 
Kidney Int 2009;75:1079-87.

30.	Carrero JJ. Gender differences in chronic kidney disease: under-
pinnings and therapeutic implications. Kidney Blood Press Res 
2010;33:383-92.

31.	Iseki K. Gender differences in chronic kidney disease. Kidney 
Int 2008;74:415-7.

32.	Ogna A, Forni Ogna VF, Bochud M, Guessous I, Paccaud F, 
Burnier M, et al. Association between obesity and glomerular 
hyperfiltration: the confounding effect of smoking and sodium 
and protein intakes. Eur J Nutr 2016;55:1089-97.

33.	Naderpoor N, Lyons JG, Mousa A, Ranasinha S, Courten MP, 
Soldatos G, et al. Higher glomerular filtration rate is related to 
insulin resistance but not to obesity in a predominantly obese 
non-diabetic cohort. Sci Rep 2017;7:45522.

34.	He Y, Liu D, Tan W, Ma X, Lian F, Xu X. Association Between 
Body Mass Index and Mildly Decreased Estimated Glomerular 
Filtration Rate in Chinese Adults with Early Chronic Kidney 
Disease. J Ren Nutr 2016;26:367-72.

35.	MacLaughlin HL, Hall WL, Sanders TA, MacDougall IC. Risk 
for chronic kidney disease increases with obesity: Health Sur-
vey for England 2010. Public Health Nutr 2015;18:3349-54.

36.	Lu JL, Molnar MZ, Naseer A, Mikkelsen MK, Kalantar-Zadeh 
K, Kovesdy CP. Association of age and BMI with kidney func-
tion and mortality: a cohort study. Lancet Diabetes Endocrinol 
2015;3:704-14.

37.	Mente A, O’Donnell MJ, Rangarajan S, McQueen MJ, Poirier 
P, Wielgosz A, et al.; PURE Investigators. Association of uri-
nary sodium and potassium excretion with blood pressure. N 
Engl J Med 2014;371:601-11.


