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Background and Objectives: Restriction of dietary sodium intake for peritoneal dialysis (PD) patients is rec-
ommended, but there is limited information on the measurement and monitoring of sodium intake. We have de-
veloped a simple method to estimate daily sodium intake during the measurement of dialysis adequacy in PD pa-
tients. Methods and Study Design: A total of 83 PD patients were enrolled in the study. The patients were di-
vided into two groups based on residual renal function (RRF). We measured total sodium removal and estimated 
daily sodium intake using dietary recall for one day, during the assessment of dialysis adequacy. Results: There 
were 39 patients in the RRF(−) group and 44 in the RRF(+) group. In both groups, and all patients, there were 
significant positive correlations between sodium intake and total sodium removal: RRF(−) group, r=0.598; 
RRF(+) group, r=0.577; total patients, r=0.595. There were linear relationships between dietary sodium intake 
and total sodium removal in both groups: RRF(−) group, sodium intake (mg/d) = 19.3 × peritoneal sodium re-
moval (mEq/d) + 211;RRF(+) group, sodium intake (mg/d) = 15.4 × total sodium removal (mEq/d) + 609. All PD 
patients, sodium intake (mg/d) = 15.6 × total sodium removal (mEq/d) + 646. Conclusions: The measurement of 
total sodium removal during the assessment of dialysis adequacy could be an effective and simple method to es-
timate dietary sodium intake in PD patients. A dietary intake of 2,000 mg of sodium corresponds to a total sodi-
um removal of approximately 87 mEq/d. 
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INTRODUCTION 
A high sodium diet is known to be the main cause of fluid 
overload in dialysis patients, and is associated with in-
creased cardiovascular morality.1,2 Recent studies have 
reported that dietary sodium intake can influence the 
permeability of the peritoneal membranes in chronic peri-
toneal dialysis (PD) patients, by epithelial to mesenchy-
mal transition and fibrosis-mediated up-regulation of 
TGF-β and IL-6 mRNA.3,4 Although some treatment 
guidelines have recommended dietary salt restriction, 
detailed information about the measurement and monitor-
ing of dietary sodium intake is limited for chronic PD 
patients.5,6 The most widely used method for evaluating 
sodium intake in these patients is the dietary recall meth-
od. However, this method has limitations because it is 
prone to errors in self-reporting, often uses inaccurate or 
incomplete food tables, often has missing data, and is 
inconvenient for routine use.7 Therefore, we developed a  

 
 
simple method to estimate daily sodium intake during the 
measurement of dialysis adequacy in chronic PD patients. 
 
METHODS 
Study subjects 
All adult patients visiting the Asan Medical Center PD 
clinic between July 2010 and August 2011 were included 
in this cross-sectional study. The exclusion criteria were 
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(1) a PD duration of less than 3 months; (2) an acute sys-
temic illness defined by C-reactive protein >0.5 mg/dL; 
(3) the presence of a systemic disease that influences the 
sodium regulation mechanisms, such as advanced liver 
disease, or congestive heart failure defined by ejection 
fraction <40%; (4) malignancy; and (5) an inability to 
record a dietary diary. Using these criteria, 83 chronic PD 
patients were eligible and participated in this study. All 
patients visited the clinic at least once every three months. 
Demographic and clinical baseline data were collected, 
including age, sex, body height, body weight, blood pres-
sure, underlying renal disease, and the presence of 
comorbid disease. All patients used glucose-based PD 
solutions as follows: 68 patients used Physioneal (Baxter, 
Deerfield, IL), nine used Stay-safe (Fresinius, Homberg, 
Germany), and six used Gambrosol-trio (Gambro, Lund, 
Sweden). Thirty-two patients used a PD cycler. 

The initial dialysis regime was maintained throughout 
the study period, unless a significant fluid imbalance oc-
curred. Residual renal function was defined as having a 
daily urine output greater than 100 mL, and the patients 
were divided into residual renal function negative 
(RRF(−)) and positive (RRF(+)) groups. A comprehen-
sive informed consent was obtained from each participat-
ing patient. All study procedures were approved by the 
Institutional Review Board of Asan Medical Center (IRB 
No. 2011–0491).  

 
Measurement of sodium intake 
All patients received a dietary education from the practice 
dietitian. Patients were asked to retain their usual meals 
and before returning to the PD clinic, were asked to rec-
ord a one day diet diary, in which the times, places, reci-
pes and main food names of the day were recorded. To 
increase the accuracy of the food diary, the patients were 
asked to record how many spoonfuls of salt were added to 
red pepper and soy bean paste, and to check the amount 
of salt in processed food, using the information on the 
labels. A dietitian reviewed the diet diaries and evaluated 
the sodium levels for each patient, using a food model. 
Foods were coded using the Computer Aided Nutritional 
Analysis software version 3.0 (Korean Nutrition Society, 
Korea, 2006). The food composition data for calculating 
nutrients were based on the following tables: Food Values 

include nutrient database 3495 - common Korean foods 
(Korean Nutrition Society, Seoul, Korea, 1998). An ex-
ample of sodium assessment from dietary recall was de-
scribed in Table 1. Total sodium intake was defined using 
the amount of elemental sodium, rather than the amount 
of sodium chloride.  

 
Dialysate specimens 
All patients were asked to record the details of their dial-
ysis regimes (times, frequencies and glucose concentra-
tions). Using cyclers, the patients were asked to measure 
the amounts of drained dialysate once, on the morning of 
the clinic visit (for nightly intermittent PD patients), or 
twice, from the second dialysis the day before clinic and 
from the first dialysis on the day of the visit (for chronic, 
cycler-assisted PD patients). The patients were also asked 
to collect 1/100th of each drained dialysate, after shaking 
the dialysis bag two or three times. Sodium, blood urea 
nitrogen, protein, and creatinine from the dialysates were 
measured using a COBAS Integra Chemistry Analyzer 
(Roche Diagnostics, Basel, Switzerland). 

 
Urine sampling 
For patients with residual renal function, 24 h urine sam-
ples were collected from the second urine on the day be-
fore the clinic visit, to the first urine on the day of the 
clinic visit. Sodium, blood urea nitrogen, and creatinine 
from these 24 h urine samples were measured. 

 
Dialysis adequacy and total sodium removal 
Dialysis adequacy was calculated by collecting dialysates 
and urine samples. Weekly total peritoneal and renal Kt/V 
urea and residual renal function were calculated using 
standard methods. Nutritional status was assessed using 
the normalized protein equivalent of nitrogen appearance 
(nPNA), estimated according to the Bergström formula, 
i.e., normalized protein equivalent of nitrogen (g/kg/day) 
= (13 + 0.204 urea appearance (mmol/day) + protein loss 
(g/day)) / (VWatson/0.58), where the Watson formula is, 
for men, (L) = 2.447 + 0.3362 × body weight (kg) + 
0.1074 × height (cm) – 0.09516 × age, and for women, (L) 
= −2.097 + 0.2466 × body weight (kg) + 0.1069 × height 
(cm). Peritoneal sodium was defined as the difference 
between the amount of sodium in the effluent dialysate 

 
Table 1. An example of sodium assessment from Dietary recall 
 
Diet Time Place Food  Ingredient Amount Sodium (mg) 
Breakfast 8:10  

 
Home Cooked rice Well polished rice 1 bowel (210 g) 6.3 

    

Bean paste stew 
 
 
 
 

Potato  1/4 piece (70 g) 2.1 
Young pumpkin  1/2 piece (80 g) 0.8 
Onion 1/3 piece (50 g) 1.0 
Soybean curd 1/5 piece (80 g) 4.0 
Soybean paste 2 tea spoon (10 g) 402 

    

Grilled Spanish mackerel 
 

Spanish mackerel 1/3 EA (70 g)  40.0 
Soy sauce 1 teaspoon (5 g) 293 

    

Seasoned pan-fried eggplant 
 
 
 

Eggplant 1/3 cup (70 g) 2.1 
Olive oil  1 teaspoon (5 g) 1.3 
Fermented red pepper paste 1 teaspoon (10 g) 251 

    

Kimchi (fermented salted 
vegetable) 

Kimchi, Chinese cabbage 1/2 dish (50 g) 573 
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and the influent dialysate: peritoneal sodium removal 
(mEq/L) = [in effluent dialysate Na level (mEq/L) × total 
effluent dialysate volume (L)] – [influent dialysateNa 
level (mEq/L) × influent dialysate volume (L)], and total 
sodium removal was defined as the sum of peritoneal 
sodium added to the amount of sodium in the 24h urine 
sample. 

 
Statistical analysis 
Parametric values are expressed as the means and stand-
ard deviations. The correlations between variables were 
assessed using Pearson’s correlation coefficient (r). The 
differences between categorical values were assessed 
using the Chi square test. Linear regression equations 
were used to analyze the relationship between daily sodi-
um intake and total sodium removal, while p-values less 
than 0.05 were considered as statistically significant. All 
statistical analyses were performed using SPSS version 
18.0 (Chicago, IL). 
 
RESULTS 
Baseline clinical characteristics 
There were 39 patients in the RRF(−) group and 44 pa-
tients in the RRF(+) group. The baseline clinical charac-
teristics of these patients are summarized in Table 2. 
There were no significant differences between the two 
groups in terms of age, gender, height, weight, presence 
of diabetes mellitus, blood pressure, numbers of anti-
hypertension medication, the use of icodextrin dialysate, 
mode of PD, or peritoneal membrane transporter types. 
The only difference between these two groups was that 
the mean PD duration in the RRF(−) group was longer 
than in the RRF(+) group (5.9 vs 2.5 years, p<0.01).   

 
Dietary sodium intake and sodium removal 
Dietary sodium intake, sodium removal through the peri-
toneum and urine, and PD adequacy parameters are sum-
marized in Table 3. The mean daily sodium intake ap-
pears slightly higher in the RRF(+) group compared with 
the RRF(−) group, but this difference was not statistically 

significant. The mean peritoneal sodium removal was not 
significantly different between the two groups, but the 
total sodium removal, calculated as the sum of peritoneal 
and urinary sodium, was significantly higher in the 
RRF(+) group compared with the RRF(−) group (181±45 
vs 144±33, p<0.01). The mean dialysate glucose concen-
tration was slightly higher in the RRF(−) group compared 
to the RRF(+) group, but this difference was not statisti-
cally significant. 

The mean peritoneal ultrafiltration volume was signifi-
cantly higher in the RRF(−) group,  however the mean 
total fluid removal volume, including urine, was signifi-
cantly higher in the RRF(+) group. The mean total week-
ly Kt/V was slightly higher in the RRF(+) group than the 
RRF(−) group, but this difference was not statistically 
significant (Table 3).  

 
Correlations between dietary sodium and total sodium 
removal 
In this patient group, there was a positive linear correla-
tion between dietary sodium intake and total sodium re-
moval. The correlation coefficients between dietary sodi-
um intake and total sodium removal were 0.598 in the 
RRF(−) group and 0.577 in the RRF(+) group (both 
p<0.01), and the correlation coefficient between dietary 
sodium intake and total sodium removal in the total group 
of 83 patients was 0.595 (p<0.01, Figure 1). The linear 
equations for the RRF(−) and RRF(+) groups are: RRF(−), 
dietary sodium intake (mg/d) = 19.3 × total sodium re-
moval (mEq/d) + 211, and RRF(+), dietary sodium intake 
(mg/d) = 15.4 × total sodium removal (mEq/d) + 609. For 
the total patient group, the equation is dietary sodium 
intake (mg/d) = 15.6 × total sodium removal (mEq/d) + 
646. 
 
Correlations between dietary sodium intake and perito-
neal or urinary sodium removal  
Dietary sodium intake showed a positive correlation with 
peritoneal sodium removal in both groups: RRF(−)group, 
r=0.603, p<0.01; RRF(+) group, r=0.442, p<0.01. Dietary 

 
Table 2. Baseline characteristics of PD patients 
 
 RRF(−) group 

(n=39) 
RRF(+) group 

(n=44) p-value 

Age, years 48±15 55±15 0.05 
Male gender, n (%) 22 (56) 27 (61) 0.66 
Height, cm 162±7 162±10 0.91 
Weight, kg 60.8±11.2 64.8±11.3 0.10 
Systolic blood pressure, mmHg 126±27 132±22 0.26 
Diastolic blood pressure, mmHg 76.0±13.5 77.8±11.8 0.52 
Anti-hypertension drug, n 2.5±1.9 2.4±1.8 0.67 
Presence of diabetes mellitus, n (%)   0.66 

Diabetes mellitus 21(54) 26 (59)  
Non-Diabetes milletus 18 (46) 18 (41)  

Mode of peitoneal dialysis, n (%)    
CPD/APD 25/14 (64/36) 26/18 (59/41) 0.65 

Peritoneal membrane transporter type, n (%)   0.98 
High  5 (13) 6 (14)  
High average 27 (69) 29 (66)  
Low average 6 (15) 8 (18)  
Low 1 (3) 1 (2)  

Duration of peritoneal dialysis, years 5.9±3.7 2.5±2.0 <0.01 
 
PD: peritoneal dialysis; RRF: residual renal function; CPD: conventional peritoneal dialysis; APD: automatic peritoneal dialysis. 



1004                                       SM Kim, EK Lee, SS Kang, SM Kim, HW Kim and SB Kim 

sodium intake also showed a positive correlation with 
urinary sodium removal in the RRF(+) group (r=0.381, 
p<0.01), but not in the RRF(−) group. The total amount 
of ultrafiltration was correlated with the peritoneal sodi-
um removal in the RRF(+) group (r=0.637, p<0.01), but 
not in the RRF(−) group. 

 
DISCUSSION 
This report examines the estimation of daily sodium in-
take during the assessment of dialysis adequacy in chron-
ic PD patients, and shows significant correlations be-
tween dietary sodium intake and total sodium removal. 

Although sodium intake and removal are both factors 
that affect adequate fluid balance in PD patients, most 
studies in chronic PD patients have focused on other fac-
tors associated with fluid balance, or the clinical out-
comes of peritoneal sodium removal,8-10 and there is little 
detailed information on sodium removal as a tool to 
measure dietary sodium intake. 

Wang et al showed that changes in total sodium intake 
do not lead to proportionate changes in total sodium re-
moval in continuous ambulatory PD patients, and sug-
gested that the total sodium removal could not be a surro-
gate marker of sodium intake.11 However, that study ex-

Table 3. The measurements of sodium and dialysis adequacy in PD patients 
 
 RRF(−) group 

(n=39) 
RRF(+) group 

(n=44) p-value 

Total energy intake, kcal 1460±445 1490±445 0.82 
Dietary sodium intake, mg/day 2990±1060 3400±1120 0.10 
Total sodium removal, mEq/day 145±33 181±45 <0.01 
Peritoneal sodium removal, mEq/day 144±33 145±42 0.88 
Urinary sodium removal, mEq/day 4.3±0.6 36.4±19.2 <0.001 
Total fluid removal, L/day 1.47±0.26 1.78±0.29 <0.01 
Peritoneal ultrafiltration volume, L/day 1.46±0.27 1.22±0.22 <0.01 
Urine volume, L/day 0.008±0.02 0.56±0.23 <0.001 
Residual renal function, mL/min 0.48±0.66 2.82±3.02 <0.001 
Glucose concentration of dialysate (%) 1.92±0.40 1.74±0.43 0.06 
Use of icodextrin, n (%) 19/20 (49/51) 14/30 (32/68) 0.17 
nPNA 1.78±0.77 1.80±0.91 0.90 
Weekly peritoneal Kt/V 2.08±0.75 1.85±1.01 0.28 
Weekly renal Kt/V 0.03±0.01 0.56±0.65 <0.001 
Weekly total Kt/V 2.08±0.75 2.41±1.23 0.18 
 
nPNA: normalized protein nitrogen appearance. 
 
 

 
                                                                                                                                                                                                                          
Figure 1. Correlation between dietary sodium intake and total sodium removal. The figure shows the significant positive correlation and 
linear relationships between dietary sodium intake and total sodium removal in PD patients with and without residual renal function, and 
in all PD patients. 
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amined total sodium intake and total sodium removal 
over a three month period. In this study, we have shown a 
positive correlation between dietary sodium intake and 
total sodium removal measurements that were taken on 
the same day. For the total population of chronic PD pa-
tients, a linear equation was drawn to describe the rela-
tionship between dietary sodium intake and sodium re-
moval: dietary sodium intake (mg/d) = 15.6 × total sodi-
um removal (mEq/d) + 646. According to this equation, a 
dietary sodium intake of 2,000 mg corresponds to a sodi-
um removal of approximately 87 mEq/d. These results 
suggest that the measurement of peritoneal and urinary 
sodium removal during the assessment of dialysis ade-
quacy is a simple and effective method to monitor sodium 
intake in chronic PD patients. 

Although residual renal function is small in chronic PD 
patients, its preservation is important to achieve adequate 
small solute clearance and volume control. Konings et al, 
reported that chronic PD patients with a residual glomeru-
lar filtration rate <2 mL/min showed poor volume status 
compared to those with a glomerular filtration rate >2 
mL/min, despite similar amounts of total fluid removal.12 
We also divided our patients into two groups based on 
residual renal function and analyzed the data in both 
groups. We found positive correlations between dietary 
sodium intake and total sodium removal in both groups, 
irrespective of the presence or absence of residual renal 
function. According to the linear equations described in 
the Results, a dietary sodium intake of 2,000 mg corre-
sponds to a sodium removal of approximately 90mEq/d in 
the RRF(−) group and 92 mEq/d in the RRF(+) group. 

It is uncertain whether the measurement of urinary so-
dium can represent dietary sodium intake in end-stage 
renal disease patients. Shemin et al showed that the exog-
enous administration of natriuretic peptides in dogs with 
chronic and acute renal disease does not consistently in-
crease renal sodium excretion,13 whereas several studies 
have reported that sodium homeostasis is well maintained 
in advanced renal failure due to increased fractions of 
sodium in urinary excretions that reflect sodium intake, 
even if there is a decrease in functional renal mass.14,15 

We have previously demonstrated significant correlations 
between sodium intake, estimated by dietary recall, and 
24h urinary sodium measurements both in chronic kidney 
disease patients and in stage V chronic kidney disease 
patients.16 In the present study, urinary sodium removal 
was correlated with dietary sodium intake in the RRF(+) 
group (r=0.381, p<0.01). These results support the hy-
pothesis that, in chronic PD patients with residual renal 
function, urinary sodium reflects dietary sodium intake. 

General treatment guidelines recommend a sodium re-
striction of approximaely 2,000 mg/day,17 however  from 
the results of a double-blind crossover study in chronic 
PD patients, Adrian et al. reported that this recommended 
sodium intake is too restrictive.18 In the present study, 
although there was no significant difference in the sodium 
intake between the two groups, both groups had a higher 
sodium intake than is recommended (RRF(+) 3,400 mg 
and RRF(−) 2,990 mg). It should be noted that, tradition-
ally, Koreans tend to eat salted food. A 2009 government 
report on the nutritional status of South Korea highlighted 
that 4.6 mg of sodium per capita per day is consumed, 

and that South Korea is a country with a high average 
sodium intake.19 It is therefore possible that traditional 
dietary habits affected the sodium intake of the patients in 
the present study, despite the provision of a continuous 
dietary education. 

The present study has several limitations. First, it is a 
single center and cross-sectional case-control study. Sec-
ond, dietary recall for only one day was analyzed. How-
ever, according to Caggiula’s study, to compare the single 
vs multiple-day nutrition records to estimate sodium in-
take, one day dietary records were as accurate as the six 
day average, or estimates made using multiple-day rec-
ords. And the author concluded that one day dietary recall 
could represent the six day dietary recall.20 In the present 
study, the experienced dietitian carefully collected and 
analyzed one day dietary records, considering dietary 
habits of the patients. Therefore, we hold our data reason-
able to support the correlation of the dietary sodium in-
take and total sodium removal in PD patients.  

 
Conclusion 
The present study demonstrated a positive correlation 
between dietary sodium intake and total sodium removal. 
The measurement of total sodium removal during the 
assessment of dialysis adequacy could be a simple and 
effective method to estimate dietary sodium intake in 
chronic PD patients. A dietary sodium intake of 2,000 mg 
corresponds to an approximate total sodium removal of 
87 mEq/d. 
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