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ABSTRACT

Objectives: Excess sodium intake has been linked to obesity and obesity-related
indices. However, the scientific evidence for this association is inadequate. The purpose
of this study was to investigate the association between urinary sodium excretion and
obesity-related indices among Korean adults.

Methods: A convenience sample of 120 subjects (60 obese and 60 non-obese subjects)
were recruited applying frequency matching for sex and age between two groups.
Sodium intake level was assessed through 24-hour urine collection. Obesity-related
metabolic risk factors, including fasting blood lipid indices, subcutaneous and visceral
fat through computed tomography (CT), insulin resistance indices, blood pressure and
liver enzymes were measured in all subjects. These obesity-related metabolic risk
factors were compared between obese and non-obese group according to sodium
excretion levels (<110 mEq/day, 110~180 mEqg/day, >180 mEqg/day).

Results: After adjusting for age, gender, health behaviors (smoking, exercise, drinking),
and energy intake, several obesity-related metabolic risk factors, including abdominal
circumference, body fat percentage, subcutaneous and visceral fat, triglyceride, and
systolic blood pressure were found to be significantly deteriorated as the sodium
excretion level increases. In addition, multivariate adjusted-odds ratios of abdominal
obesity, high blood triglyceride, and high blood pressure were found significantly higher
in the highest sodium excretion group compared to the lowest group. The mean number
of metabolic syndrome risk factors was also significantly greater in the highest sodium
excretion group than in the lowest group.

Conclusions: The current study findings suggested that high sodium intake can affect
obesity and metabolic syndrome risk negatively, implying the necessity of future
research on low-sodium diet intervention in relation to obesity and related health problems.
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Table 1. Comparison of obesity and obesity-related metabolic indices between obese and non-obese groups

Parameter Obese group (n=60) Non-obese group (n=60) P

BMI (kg/m?)" 28.8 + 0.34% 21.1 £ 0.34 <0.007 #*#*
Abdominal circumference (cm) 964 = 0.95 741 £ 0.95 <0.0071#**
Systolic blood pressure (MmHQ) 129.8 £ 1.85 1147 £ 1.85 <0.007 #**
Diastolic blood pressure (mmHgQ) 775 £ 1.17 699 =+ 1.17 <0.007***
ALTY (IU/L) 222 £ 1.63 127 £ 1.62 0.007 **
ASTY (IU/L) 215 £ 096 14.4 + 0.95 <0.007 #***
gamma-GGT? (IU/L) 347 £ 3.03 1556 £ 3.01 <0.007 #**
Fasting glucose (mg/dl) 83.6 £ 2.00 783 *+ 1.98 0.061
Triglyceride (mg/dl) 1625 = 9.67 62.6 £ 959 <0.007 #**
HDL-Cholesterol (mg/dl) 50.7 £ 1.54 440 £+ 1.52 0.003%*
Fasting insulin (IU/ml) 7.66+ 091 523+ 0.90 0.061
CT¥ subcutaneous fat 400.7 +£11.07 203.4 +11.57 <0.007%#*x*
CT visceral fat 144.3 = 574 66.01 £ 6.00 <0.0071#**
24-hour sodium concentration (MEgy/L) 138.8 = 5381 848 + 7.08 <0.007 #**
24-hour sodium (mEg/day) 189.7 £ 7.69 1148 = 9.38 <0.007 #*#*
1) BMI: body mass index

2) Mean = SE

3) ALT: alanine transferase

4) AST: aspartate tfransferase
5) GGT: glutamyl tfransferase
6) CT: computed tomography
** p < 0.01, ***: p < 0.001
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Table 2. Comparison of obesity and obesity-related metabolic indices according fo 24-hour urine sodium excretion levels

Parameter

24-hour urine sodium excretion (MEg/day)

<110 (n=21) 110-180 (n=42) >180 (n=29)
BMI (kg/m?)! 259 + 1.26234 272 £ 1.12° 302 + 1.17°
Abdominal circumference (cm) 90.0 + 3.65° 935 + 3.25° 101.7 £ 3.3%°
Total body water ( £ ) 37.0 £ 1.2¢6° 37.3 £ 1.2 380 £ 1.18°
Fat mass (kg) 504 £ 1.71° 508 + 1.52° 51.7 = 1.60°
Body fat percentage (%) 306 = 2.40° 33.0 = 2.14° 369 + 2.25°
Systolic blood pressure (MmHQ) 129.1 + 513° 128.0 = 4.57° 140.9 + 4.77°
Diastolic blood pressure (mmHg) 79.1 + 3.65° 762 = 3.16° 79.8 = 3.30°
CT¥ subcutaneous fat 3453 +39.2° 370.1 +£34.4° 440.4 +35.8°
CT visceral fat 102.9 +158° 116.6 £13.9° 164.4 £14.5°
ALT (IU/L) 19.6 £ 522° 19.5 = 4.65° 243 £ 4.85°
AST® (IU/L) 19.1 £ 2.95° 19.3 + 2.63° 239 £ 2.75°
gamma-GGT” (IU/L) 24,6 + 8.00° 332 £ 7.13%® 413 + 7.44°
Fasting glucose (mg/dl) 763 *+ 6.16° 765 + 549 790 = 5.73°
Triglyceride (mgy/dl) 86.4 £30.47° 139.9 £27.15%® 148.1 £28.32°
HDL-Cholesterol (mg/dl) 42,6 £ 4.22° 485 £ 3.76® 52,6 + 3.92°
Fasting insulin (IU/ml) 7.00t 2.33° 725+ 2.08° 7.68t 2.17°
HOMA-IR® 24,0 £10.55° 254 £ 9.40° 292 + 9.871°
1) BMI: body mass index
2) Mean £ SE

3) Adjusted for age (years), sex, smoking (no smoking, previous smoking. curent smoking), drinking (no drinking, 1~4 fimes/month,
>=>5 times/month), physical activity (rarely, 1~2 fimes/week, >=3 times/week), energy intake (kcal/day)

4) CT: computed tomography
5) ALT: alanine transferase

6) AST: aspartate transferase
7) GGT: glutamyl transferase

8) HOMA-IR: homeostasis model assessment of insulin resistance

ab: Different alphabet letters within a row represent significant difference (o < 0.05) by Tukey-Kramer’'s multiple comparison fest.



Table 3. Spearman correlation coefficient between obesity-
related indices and 24-hour urine sodium excretion levels

Variables r
BMI" 0.49%%**
Abdominal circumference 0.44%%**
CT¥ subcutaneous fat 0.38%***
CT visceral fat 0.44%3%%*
Fasting insulin 0.30%*
HOMA-IR? 0.29%*

1) BMI: body mass index

2) Adjusted for age (years) and energy intake (kcal/day)

3) CT: computed tomography

4) HOMA-IR: homeostasis model assessment of insulin resis-
tance

** p < 001,
analysis

*** p < 0.001 by partial Spearman corelation

b

3 * 2.91

2.16
2 + 2.02 +

Number of metabolic syndrome risk factors

<110 mEq/day 110-180 mEq/day >180 mEq/day

24-hour sodium excretion

Mean numbers” of metabolic syndrome risk factors
according to according to 24-hour sodium excretion
levels

1) Adjusted for age(years), sex, smoking(no smoking, previous
smoking. current smoking), drinking(no drinking, 1~4 times/
month, >=5 times/month), physical activity(rarely, 1~2 fimes/
week, >=3 times/week), energy infake (kcal/day)

Different alphabet letters represent significant difference (o <
0.05) by Tukey-Kramer's multiple comparison test

Fig. 1.
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2 (r=0.30, P < 0.001), HOMA—IR (r=0.29, P < 0.001)
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Table 4. Odds radios of metabolic syndrome risk factors and metabolic syndrome according fo 24-hour sodium excretion levels

24-hour sodium excretion (mEg/day)

Dependent variable <110

(n=21)

110-180
(n=42)

>180
(n=29)

Abdominal obesity
High triglyceride

5.30 (0.90~31.16)"
39.09 (2.74~556.92)*

Odds ratio (95% confidence interval)
44,76 (5.29~378.68)**
32.79 (2.43~442.62)*

1

1
Low HDL-cholesterol 1 0.22 (0.05~0.95) 0.18 (0.04~0.79)
High fasting glucose 1 0.45 (0.02~9.40) 4.09 (0.27~61.93)
High blood pressure 1 0.34 (0.06~2.03) 6.60 (1.29~33.68)***
Ms? 1 2.10(0.37~11.81) 4.02(0.74~21.78)

1) Adjusted for age(years), sex, smoking (no smoking, previous smoking. current smoking), drinking(no drinking, 1~4 times/month,
>=>5 times/month), physical activity(rarely, 1~2 fimes/week, >=3 times/week), energy intake (kcal/day)

2) MS : Metabolic syndrome
* p < 0.05, **: p<0.01, *** p<0.001
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