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Estimated Amount of 24-Hour Urine Sodium Excretion Is 
Positively Correlated with Stomach and Breast Cancer Prevalence 
in Korea

Stomach cancer is one of the most common cancers in Korea. The aim of this study was to 
identify the association between the prevalence of cancer, particularly stomach cancer, 
and the amount of 24-hr urine sodium excretion estimated from spot urine specimens. The 
study included 19,083 subjects who took part in the Korean National Health and 
Nutritional Examination Survey between 2009 and 2011. The total amount of urine sodium 
excreted in a 24-hr period was estimated by using two equations based on the values for 
spot urine sodium and creatinine. In subjects who had an estimated 24-hr urine sodium 
excretion of more than two standard deviations above the mean (group 2), the prevalence 
of stomach cancer was higher than in subjects with lower 24-hr sodium excretion (group 
1). By using the Tanaka equation to estimate it, the prevalence of stomach cancer was 
0.6% (114/18,331) in group 1, whereas it was 1.6% (9/568) in group 2 (P = 0.006). By 
using the Korean equation, the prevalence was 0.6% (115/18,392) in group 1, and 1.6% 
in group 2 (8/507) (P = 0.010). By using the Tanaka equation, breast cancer in women is 
more prevalent in group 2 (1.9%, 6/324) than group 1 (0.8%, 78/9,985, P = 0.039). 
Higher salt intake, as defined by the estimated amount of 24-hr urine sodium excretion, is 
positively correlated with a higher prevalence of stomach or breast cancer in the Korean 
population.
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INTRODUCTION

Stomach cancer is one of the world’s most common cancers, and it is also one of the 
major causes of cancer-related death; it is the fourth most common cancer diagnosed 
in men worldwide, with an expected incidence of 640,000 cases, and it is the fifth most 
common cancer diagnosed in women, with an expected incidence of 350,000 cases in 
2011 (1). It is estimated that 464,000 men and 273,000 women will have died from 
stomach cancer in 2011 (1). In 2010, stomach cancer was the second most common 
cancer diagnosed in Korea, after thyroid cancer (2). In 2011, stomach cancer caused 
9,719 deaths in Korea, and it was the second most frequent cause of cancer death (2). 
 There are geographic and ethnic differences in the incidence of stomach cancer 
around the world as well as different trends in a people over time. The changes in inci-
dence patterns observ ed among immigrants indicate that stomach cancer is closely as-
sociated with modifiable factors such as diet. There are many lines of evidence sug-
gesting that the risk of stomach cancer is associated with a high intake of salt and salt-
preserved foods (3). However, while the geographic variation in stomach cancer mor-
tality in Japan is not correlated with individual salt consumption (4), a study by Tsug-
ane et al. (5) in Japan showed an almost linear correlation between the cumulative 
mortality rate of gastric cancer and 24-hr urine sodium excretion levels. Because esti-
mating sodium intake by using dietary surveys is difficult, measuring 24-hr urine sodi-
um excretion has become the preferred method in population surveys (6, 7). However, 
24-hr urine collections are expensive and relatively tedious for study participants; esti-
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mating sodium excretion from spot urine specimens is more 
economical and less burdensome. 
 In this study, we estimated 24-hr urine sodium excretion by 
using spot urine specimens from a Korean study population. 
We also assessed the association between the estimated level of 
24-hr urine sodium excretion and cancer history, including sto-
mach cancer.

MATERIALS AND METHODS

Study population
This study was based on the Korean National Health and Nutri-
tional Examination Survey performed between 2009 and 2011, 
which included individuals from all over the country. Of these 
survey participants, 44.9% lived in seven major cities (Seoul, 
Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan), and 
the rest lived in relatively small towns. From a total of 29, 235 
participants, adults aged ≥ 20 yr and who had casual urine so-
dium and creatinine data were selected (n = 19,132). Of these, 
participants without data about height, weight, or sex were ex-
cluded, and 19,083 subjects were finally assessed. 

Demographic findings and nutritional information
We used a general questionnaire survey and a 24-hr dietary re-
call and food frequency questionnaire to obtain demographic, 
social, and nutritional information. The assessed general char-
acteristics included age; sex; past and present medical history 
including six types of cancers, chronic kidney disease (CKD), 
diabetes mellitus (DM), hypertension (HTN), ischemic heart 
disease (IHD), cerebrovascular accident (CVA), liver cirrhosis 
(LC); smoking and drinking habits; occupational status; educa-
tion level; marital status; residence home ownership status; 
household income; and health insurance type. The 24-hr recall 
was based on the food intake on a single weekday, and the nu-
trients were quantified by using the Database Management 
System (Korea Health Industry Development Institute). For a 
single 24-hr recall, supplementary tools such as food models 
and two-dimensional food volumes and containers were used. 

Measurements
During the survey, a random urine sample (early morning, if 
possible) was collected. The collected urine was refrigerated 
and transported to the central laboratory within 24 hr. Urine so-
dium and potassium levels were measured by using an ion-se-
lective electrode method. Serum and urine creatinine levels 
were measured by using the Jaffe reaction with an automatic 
analyzer (ADVIA 1650 system; Bayer Health Care, Tarrytown, 
NY). The estimated glomerular filtration rate (eGFR) was calcu-
lated by using the Modification of Diet in Renal Disease study 
equation (8). The height and weight were measured while the 
participant was wearing light clothing and no shoes. Body mass 

index (BMI) was computed as the weight (kg) divided by the 
square of the height (m2). Blood pressure (BP) was measured 
by using the standard protocol, as follows: three readings were 
obtained with a mercury sphygmomanometer, and the average 
of the second and third readings was considered as the final BP.

Definitions
HTN was defined as a systolic blood pressure (SBP) of ≥ 140 
mmHg, diastolic blood pressure (DBP) of ≥ 90 mmHg, a self-
reported history of HTN, or the administration of antihyperten-
sive medications. DM was defined as a fasting glucose of ≥ 126 
mg/dL, a self-reported history of DM, or use of hypoglycemic 
agents. CKD was defined as eGFR of < 60 mL/min/1.73 m2 (9). 
 We classified the subjects into four groups according to the 
status of their cancer diagnosis: Present; current illness, Recent, 
< 5 yr since diagnosis; Remote, > 5 yr since diagnosis; or no di-
agnosis.
 We classified the subjects into four groups (E24UNA_T4 or 
E24UNA_K4) according to their estimated level of 24-hr urine 
sodium excretion. On the basis of the average values estimated 
by using the equation described by Tanaka et al. (10) and by us-
ing Korean equation, we added and subtracted values as much 
as two standard deviations (SD), and we classified the subjects 
into four groups [24-hr urine sodium excretion by Tanaka equa-
tion (E24UNA_T4): 71.0, 144.0, 261.0 mEq/day, 24-hr urine so-
dium excretion by Korean equation (E24UNA_K4): 95.0, 167.0, 
240.0 mEq/day]. We further reclassified the four groups into 
two groups (E24UNA_T2 or E24UNA_K2) as follows: groups 1-3 
[lower than average + 2 standard deviations (SD)] were classi-
fied as the first group, and the fourth group (more than average 
+ 2 SD) was classified as the second group.
 We also classified the subjects into four groups according to 
their sodium intake, as estimated by the dietary questionnaire. 
On the basis of the average values and added and subtracted 
values as much as 2 SD, we classified the subjects into four groups 
(E24INTAKE4) [2.14, 4.91, 9.20 g/day = 93, 213, 400 mEq/day].

Tanaka equation
Estimated 24 hr urine creatinine (E24UCR, mg/day) = -2.04 ×  
age (yr) + 14.89 × weight (kg) + 16.14 × height (cm) - 2,244.45
 E24UNA_T = 21.98 × XNA0.392, XNA = {spot urine sodium 
(mEq/L)/[10 × spot urine creatinine (mg/dL)]} × E24UCR

Korean equation
E24UCR_K = -7.428 × age (yr) + 10.372 × weight (kg) + 15.631 
× height (cm)-1234.758
 E24UNA_K = 28.985 × XNA0.346, XNA = {spot urine sodium 
(mEq/L)/ [10 × spot urine creatinine (mg/dL)]} × E24UCR_K

Statistical analyses
All analyses were performed by using SPSS statistical software 
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(SPSS version 18.0, Chicago, IL, USA). Data are presented as the 
mean ± SD for continuous variables, and as proportions for cat-
egorical variables. Differences in the continuous variables were 
analyzed by performing one-way analysis of variance, and dif-
ferences in categorical variables were assessed with the Pear-
son chi-squared tests. We analyzed the independent factors re-
lated to cancer history with multivariable logistic regression 
analysis. Factors that were included in the analysis were demo-
graphic data (age, sex), past or present medical history (history 
of one of the six cancers included in the survey, CKD, DM, HTN, 
IHD, CVA, and LC), social history (exercise habits, smoking, al-
cohol consumption, occupational status, education level, mari-
tal status, residence home ownership status, household income, 
health insurance type, and basic livelihood security recipient 
status), physical examination (SBP and DBP, weight, height, waist 
circumference, and BMI), estimated 24-hr urine sodium excre-
tion. Analysis of covariance (ANCOVA) was used to adjust inde-
pendent factors related to cancer history. P values of < 0.05 were 
considered statistically significant. 

Ethics statement

This study was approved by the institutional review board of Cen-
ters for Disease Control and Prevention in Korea.

RESULTS

Subject characteristics (Table 1)
The mean age of the subjects was 50.0 yr (range, 20-97 yr). 
Among the 19,083 subjects, 45.4% were male. The estimated 24-
hr urine sodium excretion for the entire study population cal-
culated by using the Tanaka equation (10) was 144.3 ± 36.3 mEq/ 
day, and 1,940 (10.2%) subjects had < 100 mEq/day of sodium 
excretion. The overall estimated amount of 24-hr urine sodium 
excretion calculated by using the Korean equation was 167.5 ±  
36.3 mEq/day, and 484 (2.5%) subjects had sodium excretion 
values of < 100 mEq/day. Among the subjects, 99.1% respond-
ed the survey on cancer history including stomach cancer, colo-
rectal cancer, liver cancer, and lung cancer in both men and wo-
men, and breast cancer and cervical cancer in women. Of these, 
123 (0.65%) subjects had a history of stomach cancer; at the time 
of the survey, 44 (0.23%) people had stomach cancer. Overall, 
the subjects with history of stomach cancer were diagnosed 
7.7 ± 6.0 yr prior to the survey; 4 people were diagnosed in the 
same year as the survey, 9 were diagnosed the prior year, 10 were 
diagnosed 2 yr prior, 8 were diagnosed 3 yr prior, 13 were diag-
nosed 4 yr prior, and 78 patients were diagnosed > 5 yr before 
the survey, 1 of whom did not know when they were diagnosed. 
 We conducted an analysis of the dietary intake of 16,878 (88.4%) 
subjects. The estimated sodium intake was 4.915 ± 1.385 g/day 
(213.7 ± 60.2 mEq/day), and it was higher than the estimated 

Table 1. Overall characteristics of participants in this study

Parameters Values Completeness (%)

Age (yr, SD) 50 (15.1) 100.0 
Sex (number of male participants, %)  8,673 (45.4) 100.0 
Region (number, %)

Seoul
Busan
Daegu
Incheon
Gwangju
Daejeon
Ulsan
Gyeonggi
Gangwon
Chungbuk
Chungnam
Jeonbuk
Jeonnam
Gyeongbuk
Gyeongnam
Jeju

3,606 (18.9) 
1,234 (6.5) 

907 (4.8)
1,116 (5.8)

588 (3.1)
636 (3.3)
468 (2.5)

3,986 (20.9)
624 (3.3)
670 (3.5)
894 (4.7)
786 (4.1) 
885 (4.6) 

1,200 (6.3)
1,098 (5.8) 

385 (2.0)
E24UNA_T (mEq/day)

< (Mean-2SD) (number, %)
(Mean-2SD)-Mean (number, %)
Mean-(Mean+2SD) (number, %)
≥ (Mean+2SD) (number, %)

144.3 (36.3)
251 (1.3)

9,661 (50.6)
8,588 (45.0)

583 (3.1)

100.0 

E24UNA_K (mEq/day)
< (Mean-2SD) (number, %)
(Mean-2SD)-Mean (number, %)
Mean-(Mean+2SD) (number, %)
≥ (Mean+2SD) (number, %)
History of cancer

167.5 (36.3)
323 (1.7)

9,393 (49.2)
8,845 (46.4)

522 (2.7)

100.0 

99.1 
Stomach cancer (number, %)

Diagnosed year (year-ago, SD)
All history of illness (number, %)
Present illness (number, %)
Recent cancer (number, %)

7.7 (6.0)
123 (0.65)
44 (0.23)
44 (0.23)

Colon cancer (number, %)
Diagnosed year (year-ago, SD)
All history of illness (number, %)
Present illness (number, %)
Recent cancer (number, %)

6.7 (7.1)
58 (0.31)
24 (0.13)
30 (0.16)

Liver cancer (number, %)
Diagnosed year (year-ago, SD)
All history of illness (number, %)
Present illness (number, %)
Recent cancer (number, %)

4.1 (3.3)
22 (0.11)
17 (0.09)
12 (0.06)

Lung cancer (number, %)
Diagnosed year (year-ago, SD)
All history of illness (number, %)
Present illness (number, %)
Recent cancer (number, %)

3.2 (2.0)
20 (0.11)
15 (0.08)
14 (0.07)

Breast cancer in women (number, %)
Diagnosed year (year-ago, SD)
All history of illness (number, %)
Present illness (number, %)
Recent cancer (number, %)

8.4 (7.7)
84 (0.81)
84 (0.81)
32 (0.17)

Cervical cancer (number, %)
Diagnosed year (year-ago, SD)
All history of illness (number, %)
Present illness (number, %)
Recent cancer (number, %)

13.3 (9.8)
87 (0.84)
9 (0.04)

17 (0.09)

Completeness: completeness of data among participants, E24UNA_T: estimated val-
ue of 24-hr urine sodium amount with the equation proposed by Tanaka et al., E24U-
NA_K: estimated value of 24-hr urine sodium amount with the equation proposed by 
this study. Mean-2SD: value of mean of E24UNA subtracted by 2 × the standard de-
viation of E24UNA. Mean+2SD: value of mean of E24UNA plus 2 × the standard de-
viation of E24UNA. Diagnosed year: time difference between current age and the age 
at diagnosis (yr). Present illness: participants with an illness at the time of the survey. 
Recent cancer: participants with cancer diagnosed within 5 yr.



Park JH, et al. • 24-Hour Urine Sodium and Cancer Prevalence

134  http://jkms.org http://dx.doi.org/10.3346/jkms.2014.29.S2.S131

value of 24-hr urine sodium excretion.

The association of cancer prevalence with sodium intake 
estimated by using a dietary questionnaire 
We assessed the difference in cancer prevalence according to 
groups stratified according to their estimated dietary sodium 
intake (g/day). The prevalence of all cases of stomach cancer 
(All), current (Present) cases, and recent (Recent) cases were 
not significantly different among the groups stratified accord-
ing to dietary sodium intake (E24INTAKE4). (Fig. 1, P > 0.05). 
The prevalence of liver, lung, breast, and cervical cancer was 
not different between the dietary sodium groups. 

The association of cancer prevalence with estimated 24 hu 
Na and its groups 
Univariate analysis: The Pearson Chi-squared test to determine the 

difference between the E24UNA and cancer groups 

When we compared the differences in stomach cancer preva-
lence between the E24UNA_T4 and E24UNA_K4 groups, they 
were proportionally high according to the E24UNA level (Table 
2, Fig. 2). In subjects who had an E24UNA value of 2 SD or more 
above the mean, the prevalence of stomach cancer increased. 
By using a cut-off value of 261 mEq/day of 24-hr urine sodium 
excretion, as estimated by using the Tanaka equation, subjects 
who had lower value had a cancer prevalence of 0.6% (114/18,331), 
whereas subjects who had higher value had a prevalence of 
1.6% (9/568) (P = 0.006). On the basis of the 240 mEq/day of 24-
hr urine sodium estimated by using the Korean equation, the 
prevalence was 0.6% (115/18,392) in subjects who had lower 
values, whereas the prevalence was 1.6% (8/507) in subjects 
who had higher values (P = 0.010).
 In addition to stomach cancer, breast cancer in women was 

also associated with the E24UNA groups. In the E24UNA_T4 
group, the prevalence of breast cancer increased proportionally 
with the amount of estimated sodium excretion (Groups 1, 2, 3, 
and 4, were 0.0%, 0.7%, 0.9%, and 1.8%, respectively, P = 0.049). 
In the E24UNA_T2 group, when we compared subjects who had 
24-hr urine sodium excretion values of < 261 mEq/day with 
those who had higher values, the prevalence of breast cancer 
was 0.8% (78/9,985) and 1.9% (6/324), respectively (P = 0.039).
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Estimated amount of sodium intake
 Group 1 Group 2 Group 3 Group 4

1.0

0.8
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0.4

0.2

0.0

P value for all stomach cancer = 0.357
P value for present stomach cancer = 0.126
P value for recent stomach cancer = 0.319

All
Present
Recent

Fig. 1. The prevalence of stomach cancer defined by medical history according to the 
estimated dietary sodium intake. Group 1: dietary sodium intake of ≤ 2.140 g/day. 
Group 2: dietary sodium intake, 2.14-4.910 g/day. Group 3: dietary sodium intake, 
4.911-9.200 g/day. Group 4: dietary sodium intake of ≥ 9.201 g/day. All: all partici-
pants with stomach cancer history. Present: participants with current stomach cancer. 
Recent: participants with stomach cancer diagnosed within 5 yr.
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1.4

1.2

1.0

0.8
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P value for E24UNA_TANAKA = 0.015
P value for E24UNA_KOREA = 0.027

E24UNA_TANAKA
E24UNA_KOREA

Fig. 2. The prevalence of stomach cancer defined by medical history according to 
estimated 24-hr urine sodium excretion. E24UNA_TANAKA: estimated 24-hr urine 
sodium excretion estimated by using the equation proposed by Tanaka et al. E24U-
NA_KOREA: estimated 24-hr urine sodium excretion estimated by using the equation 
described in this study. Group 1: E24UNA of ≤ 71.0 mEq/day for TANAKA; E24UNA of 
≤ 95.0 mEq/day for KOREA. Group 2: E24UNA, 71.01-144.0 mEq/day for TANAKA; 
E24UNA, 95.1-167.0 mEq/day for KOREA. Group 3: E24UNA, 144.1-261.0 mEq/day 
for TANAKA; E24UNA, 167.1-240.0 mEq/day for KOREA. Group 4: E24UNA of ≥ 
261.1 mEq/day for TANAKA; E24UNA of ≥ 240.1 mEq/day for KOREA.

Table 2. The prevalence of stomach cancer defined by history according to the esti-
mated 24-hr urine sodium excretion level

Stomach cancer 

All Present Recent

E24UNA_T Group 1
Group 2
Group 3
Group 4

0.4%
0.5%
0.7%
1.6%

0.0%
0.2%
0.3%
0.7%

0.0%
0.2%
0.2%
0.7%

E24UNA_K Group 1
Group 2
Group 3
Group 4

0.3%
0.5%
0.7%
1.6%

0.0%
0.2%
0.3%
0.6%

0.0%
0.2%
0.3%
0.6%

E24UNA_T: estimated 24-hr urine sodium with the equation proposed by Tanaka et al. 
E24UNA_K: estimated 24-hr urine sodium with the equation proposed in this study. 
Group 1: E24UNA of ≤ 71.0 mEq/day for TANAKA; E24UNA of ≤ 95.0 mEq/day for 
KOREA. Group 2: E24UNA, 71.01-144.0 mEq/day for TANAKA; E24UNA, 95.1-167.0 
mEq/day for KOREA. Group 3: E24UNA, 144.1-261.0 mEq/day for TANAKA; E24UNA, 
167.1-240.0 mEq/day for KOREA. Group 4: E24UNA of ≥ 261.1 mEq/day for TANA-
KA; E24UNA of ≥ 240.1 mEq/day for KOREA. All: all of participants with stomach can-
cer history. Present: participants with current stomach cancer. Recent: participants 
with stomach cancer diagnosed within 5 yr. P value for All stomach cancer by E24U-
NA_T = 0.015. P value for All stomach cancer by E24UNA_K = 0.027. P value for All 
stomach cancer between Group 1-3 and Group 4 by E24UNA_T = 0.013. P value for 
All stomach cancer between Group 1-3 and Group 4 by E24UNA_K = 0.019.
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 The prevalence of colon, liver, lung, and cervical cancer were 
not associated with the E24UNA groups.

Assessment of the factors associated with stomach cancer prevalence

To identify the factors related to the prevalence of stomach can-
cer, among the demographic data, past medical history, social 
history, and physical examination findings, we included only 
factors with more than 95% complete data in the analysis. 
 Univariate factors that were related to stomach cancer histo-
ry included age, sex, lung cancer history, colon cancer history, 
‘healthcare for the poor’ registration status, alcohol intake, edu-
cation level, employment status, marital status, smoking histo-
ry, current DM, current HTN, current CKD stage, IHD, and the 
E24UNA groups. On the basis of this, we configured three mod-
els and performed multivariable logistic regression analysis for 
the presence of stomach cancer. Among the variables, signifi-
cant ones are presented in Table 3. In models adjusted for age 
and sex, including continuous variables, the E24UNA_K2 and 
E24UNA_T2 groups were significant, but in the other models, 
only the E24UNA_K2 group was significant. This indicates that 
after adjusting for all parameters that were associated with a 
history of stomach cancer, in subjects whose estimated level of 
24-hr urine sodium excretion were determined to be > 240 mEq/ 
day by using the Korean equation, the odds ratio of the presence 
of stomach cancer was 2.253 (95% confidence interval [CI]: 1.028 
-4.939, P = 0.043).

Adjusted estimated 24-hr urine sodium excretion according to the 

presence of stomach cancer

One hundred and twenty three subjects with a history of stom-
ach cancer were, on average, older (50.1 ± 16.1 yr vs. 65.3 ± 10.1 
yr, P < 0.001), predominantly male, with increased alcohol con-
sumption, and a lower level of education compared to the sub-

jects without stomach cancer history (n = 18,784). There were 
also more subjects who were unemployed, who were recipients 
of basic livelihood security, and who had a lower household in-
come. Higher number of subjects in this group had IHD, DM, 
and HTN, and they also had higher DBP (Table 4). In subjects 
with a history of stomach cancer, the estimated sodium excre-
tion determined by using the E24UNA_T model was 153.5 ±  
41.9 mEq/day, and by using the E24UNA_ K model, it was 176.9 
± 40.5 mEq/day; these values were higher than the values of 
participants without a history of stomach cancer: 144.2 ± 36.3 
and 167.5 ± 36.2 mEq /day, respectively (P value for E24UNA_T 
= 0.002, P value for E24UNA_K = 0.005).

Table 3. Multivariable logistic regression analysis for the detection of the factors re-
lated to the history of stomach cancer

Parameter Wald OR 95% CI for OR P value

Model 1 E24UNA_K (100 mEq/day)
E24UNA_K2 (high)
E24UNA_T2 (high)

4.654
5.841
4.484

1.695
2.465
2.108

1.049
1.186
1.057

2.737
5.125
4.203

0.031
0.016
0.034

Model 2 E24UNA_K2 (high) 3.679 2.148 0.983 4.693 0.055
Model 3 E24UNA_K2 (high) 4.112 2.253 1.028 4.939 0.043

95% CI for OR: 95% confidence interval for the odds ratio. E24UNA_K: a continuous 
variable of the estimated 24-hr urine sodium excretion in 100 mEq/day unit, calcula-
ted with the equation created in this study. E24UNA_K2: a group of E24UNA_K strati-
fied with a criterion of 240 mEq/day. E24UNA_K2 (high): participants with ≥ 241 
mEq/day of E24UNA_K. E24UNA_T: a continuous variable of estimated 24-hr urine 
sodium in 100 mEq/day unit, calculated with the equation created by Tanaka et al. 
E24UNA_T2 (high): participants with ≥ 261 mEq/day, as calculated by using the 
E24UNA_T model. Model 1: logistic regression for the presence of stomach cancer 
adjusted for age and sex. Model 2: adjusted for age, sex, and smoking and drinking 
habits. Model 3: adjusted for age, sex, smoking and drinking habits, grade of house-
hold income, marital status, employment status, grade of education-year, history of 
ischemic heart disease, colon cancer, lung cancer, presence of diabetes mellitus, hy-
pertension, and chronic kidney disease at the time of the survey.

Table 4. The characteristics of participants grouped according to history of stomach 
cancer

Stomach cancer

P valueNo 
(n = 18,784)

Yes 
(n = 123)

Age (yr, SD) 50.1 (16.1) 65.3 (10.1) < 0.001
Sex (male, number, %) 8,513 (45.3) 79 (64.2) < 0.001

Smoking habit (number, %)
Never
Ex-smoker
Current-smoker

10,664 (56.9)
2,326 (12.4)
5,755 (30.7)

47 (38.5)
37 (30.3)
38 (31.1)

< 0.001

Alcohol consumption (number, %)
Never
Ex-drinker
Current-drinker

2,685 (14.3)
6,060 (32.3)

10,012 (53.4)

25 (20.3)
58 (47.2)
40 (32.5)

< 0.001

Duration of education (years) (number, %)
≤ 6
7-9
10-12
> 12

5,007 (26.7)
2,146 (11.4)
6,242 (33.3)
5,358 (28.6)

68 (55.3)
19 (15.4)
24 (19.5)
12 (9.8)

< 0.001

Moderate exercise (number, %) 2,242 (12.0) 14 (11.4) 0.843 
Employment (presence) (number, %) 11,331 (60.4) 56 (45.5) 0.001 
Basic livelihood security recipient (Yes) 577 (3.1) 9 (7.3) 0.007 
Household income (number, %)

1st quartile
2nd quartile
3rd quartile
4th quartile

3,769 (20.3)
4,644 (25.0)
5,102 (27.4)
5,075 (27.3)

43 (35.2)
35 (28.7)
25 (20.5)
19 (15.6)

< 0.001

History of illness (number, %)
Ischemic heart disease
Cerebrovascular accident
Liver cirrhosis

478 (2.5)
385 (2.0)
53 (0.3)

7 (5.7)
4 (3.3)
0 (0.0)

0.028 
0.324 
1.000 

Present illness (number, %)
CKD
Diabetes mellitus
Hypertension

2,085 (11.3)
2,074 (11.0)
6,446 (34.3)

17 (14.3)
22 (17.9)
55 (44.7)

0.309 
0.016 
0.016 

BMI (kg/m2, SD) 23.7 (3.3) 21.7 (3.1) < 0.001
DBP (mmHg, SD) 77 (11) 74 (10) 0.006 
SBP (mmHg, SD) 120 (18) 122 (18) 0.200 
E24UNA_T (mEq/day, SD) 144.2 (36.3) 153.5 (41.9) 0.002 
E24UNA_K (mEq/day, SD) 167.5 (36.2) 176.9 (40.5) 0.005 

E24UNA_T: a continuous variable of estimated 24-hr urine sodium, calculated with 
the equation created by Tanaka et al., E24UNA_K: a continuous variable of estimated 
24-hr urine sodium, calculated with the equation created in this study, Household in-
come: Quartile group of household income defined by the Korean government ac-
cording to number of household members. BMI, body mass index; DBP, diastolic 
blood pressure; SBP, systolic blood pressure; CKD, chronic kidney disease.
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 Variables that were independently associated with the esti-
mated level of 24-hr urine sodium excretion determined by us-
ing the Korean equation were age, sex, current DM, current HTN, 
BMI, education level, exercise ability, home ownership status, 
marital status, occupational status, smoking, SBP, and DBP. We 
adjusted the variables, and compared the estimated E24UNA_
K values according to the presence or absence of a history of 
stomach cancer. As a result, a history of stomach cancer was 
significantly associated with estimated value of 24-hr urine so-
dium excretion (ANCOVA, P = 0.004). The value of E24UNA_K 
was higher in subjects with a history of stomach cancer than in 
those without [176.6 (95% CI: 170.3-182 .8) vs. 167.5 (95% CI: 
167.0-168.0)]. In particular, the subjects with a present history 
of cancer had higher amounts of sodium excretion [185.0 (95% 
CI: 174.6-195 .3) vs. 167.5 (95% CI: 167.0-168.0), P = 0.001].
 Variables that were independently associated with the esti-
mated amount of 24-hr urine sodium excretion by using the 
E24UNA_ T equation also included age, sex, current DM, cur-
rent HTN, BMI, education level, exercise ability, home owner-
ship status, marital status, occupational status, smoking, SBP, 
and DBP. By using the same procedure, a history of stomach 
cancer was significantly associated with the estimated amount 
of 24-hr urine sodium excretion (ANCOVA, P = 0.007). The E24-
UNA_T value was higher in subjects with a history of stomach 
cancer than in those without [152.8 (95% CI: 146.6-158.9) vs. 
144.2 (95% CI: 143.7-144.7), P = 0.001]. 

Assessing the probability of a history stomach cancer with the 

estimated amount of 24-hr urine sodium excretion by using a receiver 

operating characteristic curve

When we assessed the probability of stomach cancer history by 
using the E24UNA_K model with receiver operating character-
istic analysis, the area under the curve (AUC) was 0.563 (95% 
CI: 0.512-0.614, P = 0.016). When we assessed the probability of 
current history (Present) of stomach cancer, the AUC was 0.620 
(95% CI: 0.540-0.700, P = 0.006). When we applied the 24-hr 
urine sodium excretion cut-off value of ≥ 173.25 mEq/day as a 
criterion, estimated by using the E24UNA_K model, the sensitiv-
ity and specificity of predicting a current history of stomach 
cancer in the study subjects were 63.6% and 57.9%, respectively. 
 When we assessed the probability of stomach cancer history 
with the E24UNA_T model, the AUC was 0.561 (95% CI: 0.509-
0.613, P = 0.019). When we assessed the probability of a current 
history (Present) of stomach cancer, the AUC was 0.627 (95% 
CI: 0.544-0.710, P = 0.004). When we applied 24-hr urine sodi-
um excretion cut-off value of ≥ 153.90 mEq/day as a criterion, 
estimated by using the E24UNA_T model, the sensitivity and 
specificity of predicting a current history of stomach cancer in 
the study subjects were 65.9% and 62.5%, respectively. 

DISCUSSION

We found that a higher rate of estimated 24-hr urine sodium ex-
cretion is associated with a history of stomach and breast can-
cer. Stomach and breast cancer prevalence increased propor-
tionally with the estimated 24-hr urine sodium excretion groups. 
 Several studies have attempted to elucidate the association 
between salt consumption and stomach cancer. Honjo et al. (4) 
reported that there is no clear correlation between per capita 
salt intake and the stomach cancer mortality rate in Japan. Sjo-
dahl et al. (11) stated that most investigations into the associa-
tion between salt intake and stomach cancer have been assessed 
retrospectively, resulting in an inherent problem with recall bias. 
Few prospective studies have been undertaken, and their re-
sults are conflicting. In a U.S. cohort study, a positive associa-
tion was found between salted food and the risk of stomach 
cancer (12). In a Japanese cohort study, a high intake of salted 
foods was not associated with the risk of stomach cancer (13). 
However, in another Japanese cohort including 93 patients with 
stomach cancer, a high salt intake was associated with the risk 
of stomach cancer (14). Tsugane et al. (15) reported that the in-
take of salt and salted food was dose-dependently associated 
with the risk of stomach cancer in a large population-based 
prospective study in Japan. In the Netherlands Cohort Study, 
282 cases of stomach cancer were identified, and the salt intake 
was not associated with an increased risk for the disease (16).
 One of the reasons for these controversial results may be due 
to the imprecise estimation of salt intake in the different stud-
ies. Rather than estimating sodium intake, measurement of 24-
hr urine sodium excretion has become the preferred method 
for salt intake estimation in population surveys (6, 7). Although 
multiple 24-hr urine collections may be the ideal method to es-
timate salt intake, they are not feasible for large-scale prospec-
tive studies. As a result, we used spot urine specimens to esti-
mate sodium excretion. 
 Tanaka et al. (10) developed a formula to estimate the 24-hr 
urine sodium excretion with spot urine specimens by using 
Japanese data from the INTERSALT study (17), and they con-
firmed the validity of their formula by applying the equation to 
an external data set. Subramanian et al. (18) also derived an 
equation to predict 24-hr urine sodium excretion by using spot 
urine specimen in a multi-ethnic Asian study population. They 
showed that ethnicity was an important factor for predicting 
the equation, indicating that prediction equations need to be 
derived and validated in different countries. We used our own 
derived equation to increase the suitability for our study popu-
lation. 
 Ngoan et al. (13) showed that alcohol consumption and em-
ployment status are not associated with stomach cancer, but in 
our study, these factors were associated with a history of stom-
ach cancer. 
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 Other than stomach cancer, a history of breast cancer in wom-
en was associated with increased sodium excretion. Karimi et 
al. (19) showed that an ‘unhealthy’ food consumption pattern 
including salty foods was associated with a significantly increas-
ed risk of breast cancer. 
 Several mechanisms of stomach cancer pathogenesis induc-
ed by high salt intake have been suggested, although there has 
been no conclusive evidence. A high, intragastric salt concen-
tration destroys the mucosal barrier and causes inflammation 
(20, 21). With the destruction of the mucosal barrier, high salt 
intake increases the susceptibility of mucosal cells to carcino-
genic agents such as nitrates (22). Persistent inflammatory re-
sponses in the stomach epithelium may increase epithelial cell 
proliferation as part of the repair process, and it may also in-
crease the rate of endogenous mutations (23, 24). Another ex-
planation for the effect of high salt intake on stomach cancer 
pathogenesis is that the damage caused by salt may also increase 
gastric Helicobacter pylori colonization. H. pylori infection is 
one of the important known risk factors of stomach cancer. H. 
pylori responds to changes in the environmental salt concen-
tration in such a way that growth, cell morphology, survival, and 
virulence factor expression are altered (25).
 There were several limitations of the current study. First, this 
was not a prospective study, and cancer history was obtained 
by using a questionnaire; therefore, the prevalence may not be 
as exact as that of a prospective study. Second, we could not 
rule out the possible confounding factors, such as H. pylori in-
fection, which is one of the important risk factors for stomach 
cancer. 
 In conclusion, high salt intake results in a higher rate of esti-
mated 24-hr urine sodium excretion, which is associated with a 
history of stomach or breast cancer. 
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