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Background: Several epidemiologic studies have suggested that the urine sodium excretion (USE) can be estimated 
in lieu of performing 24-hour urine collection. However, this method has not been verified in patients with chronic 
kidney disease (CKD) or in an interventional study. The purpose of this study was to evaluate the usefulness of 
estimating USE in a prospective low-salt diet education cohort (ESPECIAL). 
Methods: A new formula was developed on the basis of morning fasting urine samples from 228 CKD patients in the 
ESPECIAL cohort. This formula was compared to the previous four formulas in the prediction of 24-hour USE after 
treatment with olmesartan and low-salt diet education.
Results: Most previously reported formulas had low predictability of the measured USE based on the ESPECIAL 
cohort. Only the Tanaka formula showed a small but significant bias (9.8 mEq/day, P < 0.05) with a low correlation 
(r = 0.34). In contrast, a new formula showed improved bias (-0.1 mEq/day) and correlation (r = 0.569) at baseline. 
This formula demonstrated no significant bias (-1.2 mEq/day) with the same correlation (r = 0.571) after 8 weeks 
of treatment with olmesartan. Intensive low-salt diet education elicited a significant decrease in the measured USE. 
However, none of the formulas predicted this change in the measured urine sodium after diet adjustment.
Conclusion: We developed a more reliable formula for estimating the USE in CKD patients. Although estimating USE 
is applicable in an interventional study, it may be unsuitable for estimating the change of individual sodium intake in 
a low-salt intervention study.
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Introduction

Epidemiological studies have found that the prevalence 
of high blood pressure (BP) is directly associated with di-
etary salt intake [1]. Hypertension (HTN) is a major factor 
associated with worsening chronic kidney disease (CKD). 
High salt intake is also associated with BP-independent 
target organ damage, including renal disease. In most 
animal models of renal injury, high salt intake leads to 
increased albuminuria and deterioration in glomeru-
losclerosis [2]. Therefore, it is important to determine a 
patient’s current level of sodium intake and to encourage 
complete salt restriction, particularly in patients with 
CKD. The Kidney Disease: Improving Global Outcomes 
(KDIGO) guidelines recommend lowering salt intake to 
< 90 mEq (< 2 g/day) in adults [3]. However, previous re-
search suggests that approximately 85% of patients with 
CKD consume > 100 mEq/day of sodium [4]. Educating 
CKD patients regarding a low-salt diet (LSD) represents 
a non-pharmacological treatment for HTN. One ran-
domized controlled trial of British patients who were not 
taking antihypertensives found that switching from an 
LSD of 10 to 5 g/day improved BP control (7.2 mmHg in 
systolic readings and 3.2 mmHg in diastolic readings) [5]. 
A 24-hour urine sodium collection is the gold standard 
of measuring salt intake, because most dietary sodium is 
excreted in urine assuming there is no water loss due to 
sweating or diarrhea. However, 24-hour urine collection 
is inconvenient, and may be incomplete or inaccurate 
due to poor patient compliance. 

Estimating the urine sodium excretion (USE) from spot 
urine specimens is convenient and less burdensome 
than is a 24-hour collection. Repeat spot urine samples 
are also easy to obtain for measurement of sodium levels. 
Despite its convenience, however, this method has not 
been extensively studied to estimate sodium intake in a 
real-world population. Use of INTERSALT, Kawasaki, and 
Tanaka formulas has been suggested for a healthy popu-
lation [6-8]. However, CKD patients were considered 
inappropriate candidates for these studies given the vari-
able patterns of sodium excretion and reabsorption due 
to renal dysfunction. The Tanaka formula showed a lower 
correlation than that found among a healthy population 
when applied to CKD patients [9].

Nerbass et al [9] described the Nerbass formula, which 
predicts 24-hour USE in CKD patients. Although several 

studies have suggested the efficacy of an equation/for-
mula to predict USE (even in CKD patients), the results 
have been inconsistent [10-12].

It may be informative to use spot urine samples to de-
velop and validate equations for USE in patients with 
CKD given variable patterns of sodium handling given 
lower glomerular filtration rate (GFR) and potential tubu-
lar damage. Therefore, it is recommended to use study- 
and survey-specific calibrations of spot urine specimens 
to estimate a mean 24-hour USE to improve the validity 
of the estimates [8].

However, this has neither been extensively verified in 
patients with CKD, nor reported in interventional studies 
(such as LSD). Both pharmacologic and non-pharmaco-
logic interventions used in patients with HTN or CKD can 
affect a patient’s daily sodium intake or excretion. These 
effects may also be seen in placebo groups [13,14].

We sought to evaluate the utility of estimating the USE 
in an intensive LSD education cohort that studied non-
diabetic CKD patients (ESPECIAL cohort).

Methods

Study subjects

Our prospective study enrolled 233 patients diagnosed 
with CKD who participated in the ESPECIAL (Effects of Low 
Sodium Intake on the Antiproteinuric Efficacy of Olmes-
artan in Hypertensive Patients with Albuminuria) trials. 
The methods of the ESPECIAL study have been previously 
published in detail [15]. Briefly, patients were selected 
from those who visited outpatient renal clinics at seven 
Korean centers between March 2012 and March 2013. All 
participants met the following inclusion criteria: age 19 to 
75 years; diagnosis of HTN or reported use of a prescription 
antihypertensive; estimated GFR (eGFR) ≥ 30 mL/min/1.73 
m2; random urine albumin to creatinine (Cr) ratio ≥ 30 mg/
g; Cr measured more than twice with ≥ 1-week interval in 
the last 6 months. These patients fulfilled the KDIGO crite-
ria for the diagnosis of CKD [3]. Participants using diuretics 
were instructed to discontinue its use two months prior 
to the start of the study. Exclusion criteria included: un-
controlled HTN (BP > 160/100 mmHg); pregnant women; 
active malignancy; a diagnosis of cardiovascular disease 
within the previous 6 months; hyperkalemia (serum potas-
sium > 5.5 mEq/L); and diabetes mellitus. In the ESPECIAL 
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cohort, intensive LSD education was supported by a dietary 
consultant and telephone feedback for 30 minutes once a 
week during the study period. Conventional LSD educa-
tion was defined by routine LSD instructions given at an 
outpatient clinic. The study protocol was approved by the 
institutional review boards at the seven study centers (rep-
resentative site: Kyung Hee University Hospital). Written 
informed consent was obtained from each patient prior to 
study inclusion. 

Data collection

Based on the study design, samples were obtained at 
0, 8, and 16 weeks. Patients were instructed to collect 24-
hour urine samples. Fasting morning spot urine samples 
were obtained on the day of the visit. All urine specimens 
were refrigerated at 4°C within 24 hours of collection, and 
frozen at -20°C within 7 days. Frozen aliquots of spot 
urine samples were shipped to the laboratory at Kyung 
Hee University, Seoul, Korea. Sodium and potassium 
levels were measured using emission flame photometry. 
Cr was measured using the Jaffé method. Height, weight, 
and blood chemistries were measured at each visit. Re-
nal function was assessed using the eGFR based on the 
Modification of Diet in Renal Disease formula [16].

Generation of ESPECIAL formula

We developed a 24-hour USE estimation formula in the 
baseline data (week 0) using a linear regression method. 
In studies using 24-hour urine collection, it is important 
to determine the adequacy of the urine collection. With 
regard to the test’s adequacy of urine collection, we fol-
lowed the same criteria that were applied to a previous 
study that estimated the excretion rate of Cr in CKD pa-
tients [17]. Based on this criterion, five participants were 
excluded from this study.

Using univariate linear regression analysis, we evalu-
ated both clinical demographics (age, sex, weight, and 
height) and laboratory measurements (urine sodium, 
potassium, albumin, and Cr). The 24-hour USE was sig-
nificantly correlated with age, weight, spot urine sodium, 
potassium, and Cr. Using multivariate linear regression 
analysis, we devised the following ESPECIAL formula as 
follows:

Estimated daily sodium consumption (mEq/day) = 

[2.07 × weight (kg)] + [0.36 × spot urine Na (mEq/L)] + 
[1.09 × age (years)] + [0.34 × spot urine K (mEq/L)] - 
[0.17 × spot urine Cr (mg/dL)] - 75.49.

Statistical analysis

All analyses and calculations were performed using 
SPSS statistics ver. 19.0 (IBM Co., Armonk, NY, USA). 
Continuous and categorical variables were expressed 
as means ± standard deviations (SD), or as percentages. 
Estimated values were expressed as means and SDs. The 
difference between the measured and estimated values 
was expressed as a mean and 95% confidence interval. 
The rate of reduction of the USE was expressed as a mean 
and SD in cases with normally distributed data. A paired 
t test was used to compare the USE between measured 
and estimated values. Correlation analysis was used to 
assess the relationship between measured and estimated 
values. The Bland-Altman plot was used to estimate the 

Table 1. Characteristics of the study sample
Characteristic Data

Number of participants 228
At baseline
    Age (yr) 49.9 ± 13.0
    Women (%) 112 (49.1)
    Weight (kg) 68.4 ± 13.1
    Height (cm) 164 ± 9
    Systolic blood pressure (mmHg) 124.3 ± 16.2
    Diastolic blood pressure (mmHg) 73.1 ± 10.1
    Serum creatinine (mg/dL) 1.2 ± 0.4
    GFR (mL/min/1.73 m2) 65.7 ± 23.9
    CKD stage (%), stage 1/2/3 14.6/42.3/43.1
    24-hr urine sodium (mEq/day) 154.1 ± 69.6
    24-hr urine creatinine (mg/day) 1,209 ± 409
    Fasting morning urine sodium (mEq/L) 91.1 ± 44.2
    Fasting morning urine potassium (mEq/L) 62.8 ± 44.0
    Fasting morning urine creatinine (mg/dL) 112 ± 81
After 8 wk of olmesartan therapy and conventional education
    2 4-hr urine sodium after olmesartan therapy 

(mEq/d)
156.3 ± 70.6

After 8 wk of randomized LSD education
    2 4-hr urine sodium in the conventional 

education group (mEq/d)
145.2 ± 60.0

    2 4-hr urine sodium in the intensive education 
group (mEq/d)

121.2 ± 59.4

Data are presented as number only, mean ± standard deviation, or number (%). 
CKD, chronic kidney disease; GFR, glomerular filtration rate; LSD, low-salt diet. 
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difference and limits of agreement between the measure-
ments and estimations (obtained using each respective 
formula). The receiver-operating characteristic (ROC) 
curve was used to analyze the sensitivity and specificity 
of the rate of reduction of the estimated USE with regard 
to the measured USE.

Results

Table 1 shows the clinical and laboratory characteristics 
of the enrolled patients. The mean patient age was 49.9 ± 
13.0 years. Women comprised 49.1% of these patients. The 
mean serum Cr was 1.2 ± 0.4 mg/dL, with a mean eGFR of 
65.7 ± 23.9 mL/min/1.73 m2. None of the 228 patients had 
significant hyponatremia or hypernatremia.

The mean 24-hour USE was 154.1 ± 69.6 mEq/day at 
baseline. The mean 24-hour USE did not change signifi-
cantly after eight weeks of treatment with olmesartan 
(156.5 ± 70.7 mEq/day). After an additional 8 weeks of 
randomized LSD education (at week 16), the mean 24-
hour USE was 121.2 ± 59.4 mEq/day in the intensive LSD 
education group and 145.2 ± 60.0 mEq/day in the con-
ventional LSD education group. However, the intensive 
education group demonstrated a significant decrease in 
the 24-hour USE compared to that of the conventional 
LSD group (P < 0.001).

Comparing previously reported formulas for the 
prediction of USE in CKD patients

We used the previously reported INTERSALT, Kawasaki, 
and Tanaka formulas in healthy populations and the Ner-
bass formula applied to a CKD population to predict the 
baseline 24-hour USE.

The mean estimated USE (mean, 144.3 mEq/day) using 

the Tanaka formula was the closest to the mean mea-
sured USE (mean, 154.1 mEq/day) compared to those of 
the INTERSALT (mean, 126.8 mEq/day), Kawasaki (mean, 
181.3 mEq/day), and Nerbass formulas (mean, 100.0 
mEq/day). However, all of the formulas produced results 
that were significantly different from the measured val-
ues. Furthermore, the correlation coefficient between 
the estimated USE using the Tanaka formula and the 
measured USE was low (r = 0.340). The Nerbass formula 
had the best correlation (r = 0.469). However, the Nerbass 
formula also produced the largest difference (mean bias 
= 33.7 mEq/day) from the measured USE (Table 2).

Bland-Altman plots demonstrated larger biases (differ-
ence between measured and estimated USE) at the high-
er USE levels (mean of measured and estimated USE) 
using all four formula estimates (Fig. 1).

Development of the ESPECIAL formula

As we have described, prior formulas were not able to 
adequately predict measured values of the USE. There-
fore, we developed a new formula for estimating 24-hour 
USE in CKD patients using linear regression analysis. This 
formula is called the ESPECIAL formula. Fig. 2A shows 
the association between the estimated values obtained 
using the ESPECIAL formula and the measured USE. The 
correlation coefficient was 0.569 (P < 0.001). Bland-Alt-
man plots using the ESPECIAL formula showed minimal 
bias and few outliers (Fig. 2B). 

Comparing the efficacy of the ESPECIAL formula and 
other formulas to estimate the measured USE after 8 
weeks of treatment with olmesartan

After 8 weeks of treatment with olmesartan, the mean 

Table 2. Comparing the difference between measured and estimated sodium excretion values with respect to bias, P value, and 
correlation coefficient

Formula USE (mEq/d)
Measured-estimated sodium 

excretion (mEq/d)
P value

Correlation coefficient
R P value

Measured USE 154.1 ± 69.6
INTERSALT formula 126.8 ± 37.8 27.2 (18.8 to 35.6) < 0.001 0.40 < 0.001
Kawasaki formula 181.3 ± 71.8 -27.3 (-38.1 to -16.4) < 0.001 0.308 < 0.001
Tanaka formula 144.3 ± 46.5 9.8 (0.7 to 18.8) 0.035 0.340 < 0.001
Nerbass formula 100.0 ± 34.7 54.1 (46.0 to 62.1) < 0.001 0.469 < 0.001

Data are expressed as mean ± standard deviation or median (95% confidence interval). 
USE, urine sodium excretion.
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Figure 1. Bland-Altman plots depicting differences between the measured and estimated sodium values compared to the mean 
sodium excretion. (A) INTERSALT, (B) Kawasaki, (C) Tanaka, and (D) Nerbass formulas.
SD, standard deviation.
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24-hour USE was 156.6 ± 70.6 mEq/day. The mean value 
of the estimated USE (mean, 157.8 mEq/day) using the 
ESPECIAL formula was the closest to the measured USE 
compared to those obtained using the other formulas. In 
contrast, the estimated USE obtained using the INTER-
SALT (mean, 130.2 mEq/day), Kawasaki (mean, 186.0 
mEq/day), Tanaka (mean, 147.9 mEq/day), and Nerbass 
formulas (mean, 102.1 mEq/day) significantly differed 

from the measured USE. The ESPECIAL formula also 
showed the best correlation (r = 0.571) to the measured 
USE, which was comparable to that of the baseline data 
(week 0) (Table 3). Bland-Altman plots showed that 
outlier biases in the Kawasaki, Tanaka, and ESPECIAL 
formulas had smaller ranges than those noted using the 
INTERSALT and Nerbass formulas (Fig. 3).

Table 3. Comparing the difference between measured and estimated sodium excretion values with respect to bias, P value, and 
correlation coefficient after 8 weeks of olmesartan treatment 

Formula USE (mEq/d)
Measured-estimated sodium 

excretion (mEq/d)
P value

Correlation coefficient
R P value

Measured USE 156.6 ± 70.6
INTERSALT formula 130.2 ± 40.2 26.4 (17.3 to 35.5) < 0.001 0.303 < 0.001
Kawasaki formula 186.0 ± 58.2 -29.6 (-38.8 to -20.3) < 0.001 0.408 < 0.001
Tanaka formula 147.9 ± 37.8 8.6 (0.3 to 16.9) 0.042 0.453 < 0.001
Nerbass formula 102.1 ± 34.2 54.4 (45.9 to 62.9) < 0.001 0.413 < 0.001
ESPECIAL formula 157.8 ± 40.9 -1.2 (-8.9 to 6.4) 0.754 0.571 < 0.001

Data are expressed as mean ± standard deviation or median (95% confidence interval). 
ESPECIAL, Effects of Low Sodium Intake on the Antiproteinuric Efficacy of Olmesartan in Hypertensive Patients with Albuminuria cohort trial; USE, urine sodium 
excretion.
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Comparison between the efficacy of the ESPECIAL formula 
and other formulas to predict the measured USE after 8 
weeks of randomized LSD education (Table 4)

Although the measured 24-hour USE did not decrease 
significantly in the conventional education group (mean, 
145.2 mEq/day), it decreased significantly to 121.9 mEq/ 
day in the intensive education group (P < 0.001). In the 
conventional education group, the mean estimated USE 
obtained using the Tanaka formula (mean, 151.3 mEq/
day) was the closest to the measured USE compared to 
those of the other formulas. However, the Tanaka formula 
had a poor correlation (r = 0.226). In the intensive edu-
cation group, the mean estimated USE based on the IN-
TERSALT formula (mean, 120.3 mEq/day) was the closest 
to/most accurately matched to the measured USE. All of 
the estimated USEs significantly differed from the mea-
sured USE, including those based on the Kawasaki (mean, 
174.7 mEq/day), Tanaka (mean, 139.2 mEq/day), Nerbass 
(mean, 97.0 mEq/day), and ESPECIAL formulas (mean, 
149.9 mEq/day). The INTERSALT formula showed the 
weakest correlation with the measured USE (r = 0.448). 

Prediction of the estimated USE for reduction of the 
measured USE (> 30%) after LSD education

After an 8-week randomized LSD education program, 
we compared the estimated USE (using five formulas) to 
predict an accurate reduction of the measured USE and 
to identify patients in whom the USE reduction rate was 
> 30%. These formulas included the four previously men-
tioned, and the newly devised ESPECIAL formula. 

We found that all of the formulas significantly underes-
timated the amount of USE. While the reduction rate of 
the measured sodium excretion was 10.2%, the reduction 
rates of estimated sodium excretion were 3.3% to 3.5%. 

The ROC curves analyzed and predicted the reduction 
ratio of the estimated USE for patients showing > 30% 
reduction after LSD education. Using the ESPECIAL for-
mula to estimate the USE, the value of the area under the 
curve (AUC) was 0.691, which was better than that noted 
using other formulas. However, the AUC values ranged 
between 0.662 and 0.691. The AUC values were not sig-
nificantly different when compared across the formulas 
(Fig. 4). The rate of reduction of the estimated USE had 
poor accuracy in predicting the rate of reduction of the 
measured USE, regardless of the formula used.

Table 4. Comparing the difference between measured sodium excretion and estimated sodium excretion values after an 
additional 8 weeks of randomized low-salt diet education

Formula USE (mEq/d)
Measured estimated sodium 

excretion (mEq/d)
P value

Correlation coefficient
R P value

Conventional LSD education group (n = 118)
Measured USE 145.2 ± 60.0
INTERSALT 130.5 ± 36.9 15.9 (3.8 to 28.0) 0.007 0.153 0.107
Kawasaki 193.1 ± 65.3 -46.3 (-61.0 to -31.7) < 0.001 0.212 0.025
Tanaka 151.3 ± 38.6 -4.3 (-16.1 to -7.4) 0.465 0.226 0.016
Nerbass 99.7 ± 32.1 46.3 (36.0 to 56.6) < 0.001 0.385 < 0.001
ESPECIAL 156.3 ± 38.1 -9.1 (-20.1 to 1.9) 0.103 0.329 < 0.001
Intensive LSD education group (n = 111)
Measured USE 121.9 ± 59.5
INTERSALT 120.3±37.5 1.6 (-8.8 to 11.9) 0.766 0.448 < 0.001
Kawasaki 174.7 ± 70.1 -52.9 (-64.2 to -41.6) < 0.001 0.590 < 0.001
Tanaka 139.2 ± 42.1 -17.4 (-25.0 to -8.9) < 0.001 0.655 < 0.001
Nerbass 97.0 ± 36.0 24.8 (14.9 to 34.7) < 0.001 0.489 < 0.001
ESPECIAL 149.9 ± 40.6 -28.0 (-37.0 to -19.1) < 0.001 0.611 < 0.001

Data are expressed as mean ± standard deviation or median (95% confidence interval). 
ESPECIAL, Effects of Low Sodium Intake on the Antiproteinuric Efficacy of Olmesartan in Hypertensive Patients with Albuminuria cohort trial; LSD, low-salt diet; USE, 
urine sodium excretion.
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Discussion

We developed and successfully applied a newer method 
to predict 24-hour USE using spot urine samples in CKD 
patients. Although several formulas were developed to 
estimate the 24-hour USE from spot urine, most have not 
been extensively verified in patients with CKD or in an 
interventional study. When applied to our prospective 
cohort, these previously developed formulas had signifi-
cant limitations. For instance, formulas with good cor-
relation had significant biases with regard to the 24-hour 
USE. In contrast, those with small biases demonstrated 
poor correlations with respect to the 24-hour USE. 

Therefore, in order to produce a more precise predic-
tion, we developed a new formula on the basis of fasting 
morning urine samples obtained from 228 CKD patients 
enrolled in the ESPECIAL cohort. We also investigated 
whether the formula that was applicable in patients re-
ceiving no intervention can be applied to those adminis-
tered angiotensin II receptor blockers (ARBs), or practic-
ing the education of LSD. ARBs are recommended for use 

in CKD patients with concomitant HTN.
Compared to existing formulas, we have developed a 

more reliable formula for estimating the USE in CKD pa-
tients. Our formula demonstrated a good prediction rate 
of the measured USE with a good correlation even after 
8-week treatment with an ARB (olmesartan). However, 
all of the formulas showed poor prediction rates for the 
reduction of the measured USE following intensive LSD 
education. 

For decades, researchers have tried to identify an easy 
and precise method of predicting salt intake, which is 
crucial for the management of HTN. Several formulas, 
including the INTERSALT, Kawasaki, and Tanaka formu-
las have been developed for the prediction of 24-hour 
USE utilizing spot urine samples in healthy populations. 
These formulas have successfully predicted the salt in-
take, rather than measuring 24-hour USE in epidemio-
logical studies [17,18].

Recent efforts have been made to predict the 24-hour 
USE, even in CKD patients. Several studies have investi-
gated the applicability of existing formulas (that were ob-
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Figure 4. Receiver operating characteristic curves. Specificity and sensitivity of estimated urine sodium excretion to assess the reduction 
in measured sodium excretion > 30%. (A) INTERSALT, (B) Kawasaki, (C) Tanaka, (D) Nerbass, and (E) ESPECIAL formulas.
AUC, area under the curve; ESPECIAL, Effects of Low Sodium Intake on the Antiproteinuric Efficacy of Olmesartan in Hypertensive Patients 
with Albuminuria cohort trial.
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tained from normal populations) in CKD patients. Imai 
et al [11] compared the predictive power of the Tanaka 
and Kawasaki formulas with respect to their ability to 
predict the 24-hour USE in CKD patients. The group’s 
results suggested that Tanaka’s equation was superior 
to the Kawasaki formula due to the fact that the first 
morning urine sample was best suited for use in clinical 
practice for patients with CKD. Ogura et al [19] also ap-
plied the Tanaka formula to CKD patients, and suggested 
that the spot urine can be used to estimate sodium ex-
cretion, especially in patients with low eGFR. However, 
the Tanaka formula performed poorly when applied to 
Westerners diagnosed with CKD. Another limitation was 
that these formulas relevant to a Japanese population 
were quite complicated, because both required another 
complex equation to estimate the daily urine excretion 
of Cr. Nerbass et al [9] report recently the development 
of a simpler equation based on studying CKD patients to 
assess sodium intake in an elderly CKD cohort. However, 
the authors have stated that the accuracy of this formula 
might be inadequate for detailed investigations or for ap-
plication in other populations.

In contrast to those of previous studies, the spot urine 
samples used in this study were not the first morning 
urine specimens. Instead, the urine samples were ob-
tained in a fasting state when patients visited the outpa-
tient clinic before visiting medical staff. A fasting ante 
meridiem (AM) urine sample was obtained between 8 
and 11 AM, which is the most accessible time of day for 
patients.

When we applied the existing formulas to the fasting 
AM urine samples obtained from patients with CKD, the 
Kawasaki formula overestimated the USE (27.3 mEq/
day), while other formulas (INTERSALT, Tanaka, and 
Nerbass) underestimated it (-27.3, -9.8, and 54.1 mEq/
day, respectively). Although the Tanaka formula had the 
smallest bias, the values obtained using this formula 
were significantly different from those measured by 24-
hour USE. The Tanaka formula also demonstrated a 
weaker correlation than that observed with use of the 
INTERSALT and Nerbass formulas. The Nerbass formula 
showed a better correlation, but the most significant bias 
among the four formulas. Therefore, the Nerbass formula 
has weak predictive power.

Therefore, we devised a new formula comprising age, 
body weight, urinary sodium, potassium, and Cr estima-

tion. The mean difference between the measured and 
estimated 24-hour urinary sodium excretion was only 0.1 
mEq, which indicated minimal bias and an acceptable 
correlation (r = 0.57, P < 0.001). In order to evaluate the 
performance of our formula compared to those of others, 
we applied our new formula and prior formulas to the 
second samples obtained from patients after 8 weeks of 
treatment with olmesartan. The measured sodium excre-
tion (156.6 ± 70.6 mEq/day) was not significantly changed 
from that observed at baseline (154.1 ± 69.6 mEq/day). 
All of the equations demonstrated perfect reproducibility 
in the estimation of the USE with a similar bias and cor-
relation coefficient when applied to the same population 
after ARB treatment. Our new formula also demonstrated 
negligible bias (1.2 mEq/day), and a good correlation 
when compared to the measured 24-hour USE.

The results of this study also revealed some limitations 
of the formulas developed based on healthy population. 
For instance, because of the formulas are based on esti-
mations of the 24-hour urine Cr excretion, this might lead 
to systemic bias in estimating the USE. The performance 
of these formulas, which are based on estimation of the 
24-hour urine Cr excretion, has been questioned in clini-
cal practice for use in patients with CKD [12]. One previ-
ous study investigating the Tanaka and Kawasaki formu-
las evaluated one could accurately estimate the 24-hour 
USE in a CKD patient. Okada et al [12] have evaluated 
the performance of the Tanaka and Kawasaki formulas in 
patients with CKD. Although the Tanaka formula showed 
a better correlation than did the Kawasaki formula, it 
showed a non-negligible degree of bias (17 mEq/day). 
This bias in the Tanaka and Kawasaki formulas results 
from the fact that the estimation of 24-hour USE is based 
on estimation of the amount of 24-hour urinary Cr excre-
tion. However, the measured and estimated amounts of 
Cr excreted in patients with CKD may differ significantly. 
Our cohort demonstrated that the measured 24-hour 
urine Cr (mean, 1,225.8 ± 400.7 mg/day) was significantly 
different from the estimated 24-hour urine Cr using the 
Tanaka (P < 0.001; mean, 1,302.2 ± 300.5 mg/day) and Ka-
wasaki (P = 0.001; mean, 1,305.3 ± 376.8 mg/day) formu-
las. Therefore, both the Tanaka and Kawasaki formulas 
seem to be unreliable because they tend to systemically 
overestimate the 24-hour urine Cr excretion in CKD pa-
tients.

If the estimation of Cr excretion is a prerequisite for 24-
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hour USE estimation (such as the estimation formulas 
based on a healthy population), the more accurate the 
estimation of Cr excretion, the more accurate will be 
the USE estimation. However, it is more difficult to esti-
mate Cr excretion in CKD patients than it is in a healthy 
population. An accurate estimation method has not been 
developed for correctly assessing Cr excretion in CKD pa-
tients. Therefore, our formula offers an advantage in that 
it does not require estimation of the amount of Cr excre-
tion to estimate the 24-hour USE.

This is the first study to evaluate the efficacy of the es-
timation of sodium excretion in cases of pharmacologi-
cal intervention, as well as education regarding LSD. An 
ideal equation for estimating the USE should appropri-
ately reflect the true change in salt intake after lifestyle 
modifications. After education regarding the use of LSD, 
the USE decreased significantly in those belonging to the 
intensive education group (34.7 ± 7.8 mEq/day). 

None of the formulas could accurately predict the 
amount of measured 24-hour USE or the changes in 24-
hour USE when applied to fasting AM urine samples after 
an additional eight weeks of education regarding the role 
of LSD. Our results indicate that the estimated USE may 
be unsuitable to estimate changes in individual sodium 
intake or in the change of the USE in a low-salt inter-
vention study. The data could not conclusively explain 
the mechanism for low estimated USE noted after using 
the LSD intervention. No prior studies have evaluated 
whether and how LSD influences estimation of the USE. 
It is possible that LSD in CKD patients may change the 
diurnal pattern of sodium excretion. However, in both 
the intensive LSD education group and the conventional 
LSD group, the predicted Na excretion obtained with the 
ESPECIAL formula showed the best correlation with the 
actual Na excretion compared to those of the other for-
mulas. However, further studies are required to estimate 
the circadian rhythm of BP.

Another limitation of our study was that the criteria 
used to determine the adequacy of 24-hour urine col-
lection in CKD patients are uncertain. Most studies per-
formed in CKD patients have used criteria based on a 
healthy population [9,15,19]. However, because Cr excre-
tion is lower in CKD patients than it is in a healthy popu-
lation, even properly collected samples may have been 
wrongly considered inadequate and inappropriately 
excluded from the research. We only excluded the outlier 

cases (Cr excretion < 350 mg/day or > 3,500 mg/day). 
However, further studies are required to determine the 
adequacy of urine samples obtained from CKD patients. 

A final limitation is that we did not consider the stage of 
CKD patients when calculating urinary saline excretion 
formulas. This omission may have contributed to errors 
in early CKD patients, especially those with eGFR > 60 
mL/min/1.73m2. Of note, however, neither the MDRD 
nor CKD EPI, which are representative eGFR formulas, 
consider the CKD stage. 

In conclusion, we created the ESPECIAL formula to re-
liably predict the 24-hour USE in CKD patients using fast-
ing AM urine samples. This formula is convenient and 
useful in epidemiological studies or studies performed 
to assess the pharmacological interventions affecting BP. 
A 24-hour urine collection, however, remains the most 
accurate method of estimating the amount of USE in pa-
tients adhering to LSD. 
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