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ABSTRACT

Purpose: The aim of this study was to analyze the association between sodium
excretion and obesity for healthy adults in the Gwangju area.

Methods: The participants included 80 healthy adults aged 19 to 69 years in Gwangju.
The dietary intake and sodium excretion were obtained using the 24-hour recall method
and 24 hour urine collection. The participants were classified into two groups according
to the amount of urinary sodium excretion: (< 141.75 mmol/dL, > 141.75 mmol/dL).

Results: After adjusting for sex, age, smoking history, and income, the high excretion
of sodium group was significantly higher for weight, body mass index, body fat mass,
percent body fat, visceral fat area (VFA), waist circumference, hip circumference, and
WHR. The energy and nutrients intake were significant after adjusting for sex, age,
smoking history, and income. The LSE group had a significantly higher fat intake and
Na/K intake ratio. The HSE group had significantly higher fiber intake, and K intake.
As the amount of urinary sodium excretion increased, the risk of obesity before
correction was 3.57 (95% CI: 1.13-11.25) times greater, and the risk of obesity of T3
increased significantly by 3.33 times (95% CI: 1.05-10.59). After correcting for sex and
age, the obesity risk of T2 increased significantly by 4.23 times (95% CI: 1.11-16.06),
and after correcting for sex, age, smoking history, and income, the obesity risk of T2
increased significantly by 6.81 times (95% CI: 1.44-32.19) the risk of obesity.

Conclusions: An association exists between sodium excretion and obesity in Korean
adults. In this study, the high excretion of sodium group was obese and the risk of
obesity was higher than the low excretion of sodium group.
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1. DYAY EN R MNHIEA
APridate] Heyt AHe LSET-S 39.6+14.74], HSE
T2 47.1113.3M 2 HSET2] =] F-2J8h =9k
th(p=0.019). HSE+¢] WA v]& (p=0.007), 5474
2 Hl& (p=0.006)°] E8kth. Fol-ollA 7 o 1k
93 2pol= gtk YL LSEFS 100%H wwk 194
(47.5%), 100~300%+¢ 207 (50.0%), 3007+ o]l
A5 194 (2.5%) 01 2™, HSE+& 1009+ =9k 9
(22 5%), 100~300%H 1978 (47.5%), 300%+ o)<l
129 (30.0%) 0.2 7 i 2k F5)el whet o gt

7} 28l zke)7F 1Sl (p=0.011) (Table 1).

UrE H ke mhE 7 o 1k AAAISAE vl wst A
7= Table 29 2l A2 LSET2 57.918.7 kg,
HSE#& 65.8+9.7 kg® & HSETS] Al%0] F2&HA 3=
9t (p<0.001). BMIE= LSET-S 21.3%2.7 kg/m? HSE
T2 23.6+2.9 kg/m?C. 7 HSETS BMIZ} f28H) =
H(p<0.001) . UEAHHA (VFA)S vt Avk= LSE
o 68.0£31.1 cm? HSET 87.6261.5 cm?©.2 HSE+
oflA 28k =4 tHp=0.006). HSET-olA 3|2 &)
(p<0.001), dHolEd (p<0.001), el Ed /A G| =
H (WHR) (p=0.007)7} -F-2]3H] =8ket. A4, v, F<
29, 9BHrYS BAsk v w sk Auo) = HSETel

Table 1. General characteristics of the subjects according to 24-hour urinary sodium excretion

- LSE HSE Total 5 2
Characteristics (N=40) (N=40) (n=80) yall p

Age 39.6 + 14.7% 47.1 £13.3 433 £ 145 -2.41 0.019

Sex Male 14 (35.00 26 (65.0) 40 (50.0)
7.20 0.007

Female 26 (65.0) 14 (35.0) 40 (50.0)

Smoking history  Yes 6(15.0 17 (42.5) 23 (28.7)
7.38 0.006

No 34 (85.0) 23 (57.5) 57 (71.3)

Education Below middle school 5(12.5) 7(17.5) 12(15.0)
High school 13(32.5) 11 (27.5) 24 (30.0) 2.79 0.594

University/College or higher 22 (565.0) 22 (565.0) 44 (55.0)

Income <100 19 (47.5) 9 (22.5) 28 (35.0)
100-300 20 (50.0) 19 (47.5) 39 (48.7) 13.69 0.011

>300 1(25) 12(30.0) 13(16.3)

Exercise Yes? 26 (65.0) 29 (72.5) 55 (68.8)
0.52 0.326

No 14 (35.0) 11 (27.5) 25(31.3)

1) LSE: low 24-urinary sodium excretion group (<141.75 mmol/dL), HSE: high 24-urinary sodium excretion group (>141.75 mmol/dL)
2) By tfest and chi-square tfest. A value of p<0.05 was accepted as significant.
3) Values are presented as mean = standard deviation. The unit of the value is years.

4) Values are presented as n (%).

5) Salary is a standard (monthly income), and the unit is fen thousand won.
6) "Yes" of exercise is case of moderafe activity or intensive activities once a week for more than 10 minutes.
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A A7 (p<0.001), A% (p<0.001), A&HFA4=(Body
Mass Index) (p<0.001), &A% (p<0.001), AAW=
(p<0.001), AALE (p<0.001) , WAL H 2] (VFA) (p<
0.001), sjgl&d (p<0.001) &} YHel=# (p=0.003),
2 =dl/dFo =] (WHR) (p<0.001)7} frelahA| =8k

2. UES HjMYO| 02 o U AH BN HY

LSE#¥ HSE+9] &% Na¥ K 553 Table 33} 2
t}. LSE*3#F HSE+9] €% Na 5% (141.2+1.3 mmol/
dL vs 141.2%+1.9 mmol/dL), K 5% (4.4£0.4 mmol/

dL vs 4.4+0.3 mmol/dL), % Na/K ratio(32.5+2.9
mmol/dL vs 32.3%£2.4 mmol/dL)+= 5 712 #-2]3} x}0]
= SISl A, Yo, A8, 78E HAS AijelA
At 2k o)k Aol qlgiTh.

LSEw# HSEw2] &¥ 5 Na, K 5%+ Table 48} 2
o} AW 5 Na &% (p<0.001), K &% (p=0.004) 2} Na/
K ratio (p=0.039)+= HSE7A 25 =3t A4,
o], 5749, S 2% Aol s 420 T Nav%
(p<0.001), K &% (p<0.001) 2} Na/K ratio (p<0.001)
7} LSE7*ll vlaf) HSEZ ol A -2]81A] 323k

Table 2. Anthropometric assessments and obesity index according fo 24-hour urinary sodium excretion

LSE HSEY Total 2 Adijusted
(n=40) (N=40) (N=80) P p?

Height (cm) 1648 = 819 1670+ 7.8 1659 + 7.9 0.224 <0.001
Weight (kg) 579+ 8.7 658+ 9.7 61.9 =100 <0.001 <0.001
BMI (kg/m?) 213+ 27 236+ 29 224+ 30 <0.001 <0.001
Skeletal muscle mass (kg) 233+ 4.8 270+ 4.8 252+ 5.1 0.001 <0.001
Body fat mass (kg) 1560+ 57 171+ 58 160+ 58 0.118 <0.001
Percent body fat (%) 259 + 8.3 258+ 7.4 257+ 8.2 0.920 <0.001
Visceral fat area (cm?) 68.0 = 31.1 87.6 + 615 77.8 = 32.6 0.006 <0.001
Waist circumference (cm) 77.6 = 8.6 840+ 7.6 80.8 = 8.7 <0.001 <0.001
Hip circumference (cm) Q3.1+ 49 970+ 55 950+ 55 <0.001 0.003
WHR 0.8 = 0.1 09 = 0.1 0.8 = 0.1 0.007 <0.001

1) LSE: low 24-urinary sodium excretion group (<141.75 mmol/dL), HSE: high 24-urinary sodium excretion group (>141.756 mmol/dL)
2) By t-test analysis. A value of p<0.05 was accepted as significant.

3) By t-test analysis adjusted for age, sex, smoking hisfory and income. A value of p<0.05 was accepted as significant.

4) Values are presented as mean * standard deviation.

BMI: Body Mass Index, WHR: Waist-Hip Circumference Ratio

Table 3. Na level, K level and Na/K ratio in serum according fo 24-hour urinary sodium excretion

LSE HSE" Total 2 Adijusted
(n=40) (N=40) (N=80) P ¥
Serum Na (mmol/L) 1412 = 1.3% 141.2+1.9 1412+ 1.6 0.840 0.067
Serum K (mmol/L) 44+04 44 +0.3 43 +04 0.877 0.160
Serum Na/K Ratio 325+29 323 +24 324+ 27 0.810 0.098

1) LSE: low 24-urinary sodium excretion group (<141.75 mmol/dL), HSE: high 24-urinary sodium excretion group (>141.75 mmol/dL)
2) By t-fest analysis. A value of p<0.05 was accepted as significant.

3) By t-fest analysis adjusted for age, sex, smoking history and income. A value of p<0.05 was accepted as significant.

4) Values are presented as mean =+ standard deviation.

Table 4. Na level, K level and Na/K ratio in urine according to 24-hour urinary sodium excretion

LSE HSE" Total ) Adjusted

(N=40) (n=40) (n=80) P ¥
Na (mmol/aL) 108.8 = 23.0° 198.6 = 41.2 153.7 = 56.0 <0.001 <0.001
K (mmol/aL) 52.6 + 28.3 69.0 + 20.0 60.8 + 25.7 0.004 <0.001
Na/K Ratio 26 + 1.2 3.1+ 09 28+ 1.1 0.039 <0.001

1) LSE: low 24-urinary sodium excretion group (<141.75 mmol/dL), HSE: high 24-urinary sodium excretion group (>141.75 mmol/dL)
2) By t-test analysis. A value of p<0.05 was accepted as significant.

3) By t-test analysis adjusted for age, sex, smoking hisfory and income. A value of p<0.05 was accepted as significant.

4) Values are presented as mean * standard deviation.



Table 5. Energy and nutrients intake according to 24-hour urinary sodium excretion

LSE HSEY Total 2 Adjusted
(n=40) (N=40) (N=80) P ¥
Energy (kcal) 1872.6 = 459,29 1856.8 = 487.2 1,864.7 + 4705 0.882 0.127
Carbohydrate (g) 2804+ 758 2792+ 77.2 2798 = 760 0.945 0.446
Fiber (Q) 219+ 103 23.0 + 7.4 224 + 8.9 0.599 0.001
Protein (g) 725+ 221 716+ 207 720+ 213 0.845 0.363
Fat () 49.4 + 20.8 472+ 229 484+ 217 0.694 0.001
Cholesterol (mg) 391.0+ 238.2 3349+ 1744 3629 = 209.3 0.233 0.071
Water (Q) 22510+ 7128 2,214.6 + 766.5 2,101.5 = 1,222.3 0.645 0.802
Na (mg) 3,776.2 + 1,890.4 3,906.2 + 1,786.0 3,841.2 +1,828.4 0.753 0.634
K (mg) 2,680.1 = 1,031.5 2,712.3 = 879.1 2,696.2 + 952.4 0.881 0.011
Na/k infake ratfio 1.6 = 1.1 1.4 = 0.5 1.5+ 0.8 0.570 0.008
Na density (mg/1000 kcal) 2,003.0 + 8423 2,064.9 + 606.0 20340+ 72938 0.707 0.503

1) LSE: low 24-urinary sodium excretion group (<141.76 mmol/dL), HSE: high 24-urinary sodium excretion group (>141.75 mmol/dL)

2) By t-test analysis. A value of p<0.05 was accepted as significant.
3) By t-test analysis adjusted for age, sex, smoking histfory and income. A value of p<0.05 was accepted as significant.

4) Values are presented as mean * standard deviation.
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A7) Na v &kt vlwke] AvAS A5 A3t
+ Table 77 2t} Na siAd el wet 329 (Lower
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Q1AL BIRE g2 oprfoeisE kA3 (2000) 2] BMIE
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Table 6. Correlation between 24-hour urinary sodium excretion
and variables

Variables Coefficients p

Height (cm) 0.001 0.995
Weight (kg) 0.286 0.013
Waist circumference (cm) 0.249 0.031
Hip circumference (cm) 0.351 0.002
WHR 0.076 0519
BMI (kg/m?) 0.301 0.009
Skeletal muscle mass (kg) 0.178 0.127
Body faf mass (kg) 0.279 0.015
Percent body fat (%) 0.244 0.035
Visceral fat area (cm?) 0.148 0.204
Serum Na (mmol/dL) -0.099 0.397
Serum K (mmol/dL) -0.103 0.378
Serum No/K (mmol/dL) 0.081 0.492
Energy intake (kcal) 0.072 0.523
Carbohydrate intake (g) 0.023 0.841
Fat intake (Q) 0.009 0.936
Cholesterol intake (mgQ) 0.059 0.601
Protein intake (Q) 0.114 0.313
Fiber intake (Q) 0.071 0.531
Water infake (g) 0.071 0.534
Na intake (MQ) 0.138 0.223
K intake (mgQ) 0.056 0.624
Na/k intake ratio 0.008 0.994
Na density (mg/1000 kcal) 0.104 0.358
Urine K (mmol/dL) 0.447 <0.001
Urine Na/K Ratio 0.084 0.472

1) Anthropometric, Na and K level in serum and urine were
adjusted for age, sex, smoking history and income by Partial
correlation coefficients.

Energy and nutiients infake by Pearson's correlation coefficients.
A value of P<0.05 was accepted as significant.
BMI; Body Mass Index, WHR: Waist-Hip Circumference Ratfio
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Table 7. Association between obesity and sodium excretion according to 24-hour urinary sodium excretion

24-hour urinary sodium excretion

K T2 13
Reference QOdds rattio (95% Cl) p® Odds ratio (95% CI) p
overweight/obesity
Model-1? 1.00 3.57 (1.13-11.29) 0.030 3.33(1.05-10.59) 0.041
Model-2¥ 1.00 4.23 (1.11 =16.06) 0.034 2.41 (0.64 - 9.08) 0.195
Model-3% 1.00 6.81(1.44 - 32.19) 0.015 1.47 (0.33 - 6.63) 0.613

1) T1. Lower fertile of 24-hour urinary sodium excretion, T2: Middle ferfile of 24-hour urinary sodium excretion, 13: Upper ferfile of

24-hour urinary sodium excretion
2) Model-1: unadjusted
3) Model-2: adjusted for age and sex

4) Model-3: adjusted for age, sex, smoking hisfory and income

5) By multiple logistic regression analysis. A value of p<0.05 was accepted as significant
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