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ABSTRACT

Objectives: This study was conducted to investigate the effect of low sodium diet
education program on dietary habits, diet quality, and measures of obesity in overweight
or obese middle-aged women.

Methods: Subjects were 81 individuals aged 45 years or over, who completed an 8-
week nutrition education. The subjects were divided into a normal group (N =30) and
an overweight-obese group (N =51) according to the BMI. The effects were evaluated
by anthropometric measurement, biochemical analysis, questionnaire, and diet records
before and after the program.

Results: Overweight-obese group showed significant decreases in weight (p <0.0001),
BMI (p<0.0001), percent of body fat (p=0.0087), waist circumference (p<0.0001),
systolic (p=0.0003) and diastolic blood pressure (p =0.0261). Nutrients intakes were not
different between the two groups and only sodium intake was decreased after education.
Total score of general dietary habits, dietary behavior related to sodium intake, dietary
diversity score (DDS), diet variety score (DVS), and diet quality index-international
(DQI-I) were improved in both groups compared to the baseline. Overweight-obese
group showed significant improvement in ‘having fruits everyday’, ‘having fish
everyday’, ‘trying to eat many kinds of food’, ‘eating less broth when eating soup, stew,
and noodles’, ‘eating less kimchi and salt-fermented vegetable’, and ‘propensity to think
that dishes should be pretty seasoned’. In addition, moderation of empty calories food
(p=0.0064) and macronutrient ratio (p=0.0004) were improved in the overweigh-obese
group, but in the normal group, the results did not reach statistical significance.

Conclusions: These results suggested that low sodium diet education program may
contribute to obesity management by improving diet quality and dietary habits in
middle-aged women.
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Table 1. Components of the Diet Quality Index-Intemational (DQI-I)
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Component Score Scoring criteria
Variety 0-20 points
Overall food group variety 0-15 points > 1 serving from each food group/d = 15
(meat/pouliry/fish/feggs/toeans, dairy, Any 1 food group missing/d = 12
grain, fruit, vegetable) Any 2 food group missing/d = 9
Any 3 food group missing/d = 6
> 4 food group missing/d = 3
None from any food groups = 0
Within-goup variety for protein source 0-5 points > 3 different sources/d =5
(meat,pouliry,fish,beans,eggs) 2 different sources/d =3
From 1 source/d = 1
None =0
Adequacy" 0-40 points
Vegetable group 0-5 points >7 servings/d = 5, 0 servings/d =0
Fruit group 0-5 points > 1 servings/d = 5, 0 servings/d =0
Grain group 0-5 points > 6 servings/d = 5, 0 servings/d =0
Fiber 0-5 points >20-30g/d=5,09/d=0
Protein 0-5 points > 10% of energy/d=5, 0% of energy/d= 0
Iron 0-5 points >100% RPP/d = 5, 0% Ri/d =0
Calcium 0-5 points >100% RI/d = 5, 0% Ri/d =0
Vitamin C 0-5 poinfs >100% RI/d = 5, 0% RI/d =0
Moderation 0-30 points
Total fat 0-6 points < 20% of total energy/d = 6
20-30% total energy/d = 3
> 30% of total energy/d = 0
Saturated fat 0-6 points < 7% of fotal energy/d = 6
7-10% total energy/d = 3
> 10% of total energy/d = 0
Cholesterol 0-6 points <300 mg/d = 6
300-400 mg/d =3
> 400 mg/d =0
Sodium 0-6 points <2400 mg/d =6
2400-3400 mg/d =3
> 3400 mg/d =0
Empty calorie foods 0-6 points < 3% of fotal energy/d = 6
3-10% tfotal energy/d = 3
> 10% of total energy/d = 0
Overall balance 0-10 points
Macronutrient ratio 0-6 points 55-65:10-20: 1520 =6
(carbohydrate: protein: fat)? 52-68:8-21:13-23 =4
50-40:7-22:12-25 =2
Otherwise = 0
Fatty acid ratio 0-4 points P/S¥= 1-1.5 and M/S®= 1-1.5= 4

(PUFA : MUFA® : SFA)

Else if P/S= 0.8-1.7 and M/S= 0.8-1.7 = 2
Otherwise = 0

Adapted from Yun et al. (2009)

1) The criteria of score is based on the RI value for Korean

2) RI: recommended intakes

3) Ratio of energy from carbohydrate to protein to fat following DRIs for Korean

4) P/S: ratio of PUFA to SFA intake
5) M/S: ratio of MUFA to SFA intake

6) MUFA: monounsaturated fatty acids

7) SFA: satfurated fatty acids
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Table 2. General characteristics of the study subjects

Normal (N = 30) Overweight-Obese (N = 51) p-value"

Age (yrs) 58.2+ 6.1? 59.2+5.2 0.3092
Education level

Elementary school 3( 970 9(18.4) 0.2269

Middle school 8(25.8) 18 (36.7)

High school 14 (45.7) 18 (36.7)

University(College) 5(19.4) 5(8.2
Monthly household income(10,000won)

<200 10(34.5) 24 (55.8) 0.1692

200-300 11 (37.9) 12 (27.9)

> 300 8 (27.5) 7(16.3)
Family type

Alone 2( 6.6) 2( 4.1) 0.2732

With spouse 13 (40.0) 9(18.4)

With children 2( 6.6) 4(8.2)

With spouse & children 13 (43.3) 29 (569.2)

With spouse & children & parents 1(3.3) 5(10.2)

1) p value by t-test or chi-sqaure fest between groups, 2) Mean=+SD, 3) N (%)

Table 3. The changes in anthropometric, blood pressure and biochemical characteristics according to BMI classification

Normal Overweight-Obese
Variables (N =30) p-value (N=51) pvalue"  pwvaue?  p-value?
Before After Before After
Anthropometry
Weight (kQ) 532+ 3.6% 529+ 3.7 NS® 639+ 82 628+ 80 <0.0001 <0.0001 <0.0001
BMI? (kg/m?) 214+ 12 213+ 1.2 NS 262+ 26 258+ 25 <0.0001 <0.0001 < 0.0001
PBF”) (%) 291+ 4.1 285+ 4.0 NS 366 5.1 357+ 5.1 0.0087 0.0087 <0.0001
WC?® (cm) 763+ 56 744+ 50 0.0235 879+ 102 834 93 <0.0001 <0.0001 < 0.0001
SBP? (mmHg) 1198+ 142 1161+ 157 NS 1280+ 168 121.7+ 14.1 0.0003 0.0003 NS
DBP' (mmHg) 77.6+ 936 733+ 123 0.0244 80.4+ 9.3 780+ 8.4 0.0261 NS NS
Blood (N = 28) (N = 28) (N = 47) (N = 47)
FBS™ (mg/alL) 848+ 88 898+ 9.3 0.0088 953+ 33.3 955+ 19.7 NS 0.0451 NS
7C'? (mg/al) 2023+ 295 1943+ 325 0.0070 1981+ 34.6 196.9+ 36.0 NS NS NS
HDL (mg/dL) 554+ 13.8 571+ 12,6 NS 529+ 164 521+ 151 NS NS NS
LDL (mg/dL) 1290+ 295 1206+ 345 0.0182 12356+ 345 1249+ 34.9 NS NS NS
TG (mg/dl) 1056.7+ 415 1003+ 40.6 NS 1124+ 565 108.6+ 50.2 NS NS NS
Al 29+ 1.1 26+ 1.0 0.0034 30+ 1.3 30+ 1.2 NS NS NS
TC/LDL 1.6t 02 1.7 02 NS 1.7 05 1.7 04 NS NS NS
(N = 25) (N = 25) (N = 34) (N =34
FFA'™ (LEQ//L) 512.3+239.1 600.9+220.8 NS 570.3+202.3 660.4+140.9 0.0429 NS NS
Insulin (pU/mL) 45+ 1.3 356+ 1.5 0.0198 56+ 35 4.4+ 3.2 NS NS NS
N=17) N=17) N=19) (N=19)
Adiponectin (ug/mL) 9.5+ 2.0 94+ 2.7 NS 102+ 438 93x 29 NS NS NS

1) p value by paired t-test within groups, 2) p value by t-test between groups at pre-education stage, 3) p value by t-test between
groups at post-education stage, 4) Mean=xSD, 5) NS : not significant, 6) BMI; body mass index, 7) PBF; percentage of body fat
8) WC; waist circumference, 9) SBP; systolic blood pressure, 10) DBP; diastolic blood pressure, 11) FBS; fasting blood sugar, 12) 1C;
total cholesterol, 13) Al; atherogenic index, 14) FFA; free fatty acid
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Table 4. The dietary intake changes of the subjects after low-sodium diet education according fo BMI classification

Nomal Overweight-Obese
Variables (N = 30) p-value" (N =51) p-value” p-value? p-value®
Before After Before After
Energy (kcal) 1,301.9+ 22289 1260.0+229.7 NS® 1300.6x 254.7 1269.5+ 230.3 NS NS NS
Carbohydrate (g) 211.9+ 35.1 205.1+ 39.3 NS 2124+  49.0 2055+ 46.4 NS NS NS
Protein (Q) 548+ 123 523+ 126 NS 529+ 11.6 525+ 11.7 NS NS NS
Fat () 304 126 288+ 9.0 NS 289+ 104 293+ 103 NS NS NS
Cholesterol (mg) 191.2+ 106.9 200.6+ 105.6 NS 199.5+ 105.2 196.7+ 89.3 NS NS NS
Vitamin A (ugRE) 851.8+ 301.6 786.3+434.4 NS 7424+ 399.8 7599+ 4304 NS NS NS
Vitamin E (mg) 10.8 3.3 11,5+ 30 NS 105+ 3.88 10.3+ 2.8 NS NS NS
Thiamin (mg) 1.0+ 0.2 09+ 02 NS 0.9+ 0.2 1.0+ 03 NS NS NS
Riboflavin (Mg) 09+ 0.3 1.0+ 03 NS 0.9+ 0.2 1.0+ 0.3 NS NS NS
Niacin (mg) 119+ 2.9 108+ 3.2 NS 11.3+ 2.8 11.1x 3.1 NS NS NS
Vitamin B, (mg) 1.5t 0.4 1.3+ 04 0.0162 1.4t 0.4 1.3+ 0.4 NS NS NS
Folate (uQ) 486.9+ 104.7 4385+t 116.9 NS 453.1+ 152.8 4267t 1315 NS NS NS
Vitamin C (mQ) 103.2+ 33.7 89.9+ 34.4 NS 101.8+  46.9 921+ 406 NS NS NS
Calcium (mg) 447.4+ 160.0 485.6 1 159.9 NS 4653+ 151.6 481.8+ 150.1 NS NS NS
Phosphorous (mg) 938.8+ 231.8 905.6+204.9 NS 933.3+ 219.6 899.5+ 209.4 NS NS NS
Sodium (mgQ) 3,251.1+£1,254.8 2513.7+930.0 0.0012 3,483.2+1,270.8 3,019.1%1,266.4 0.0208 NS NS
Potassium (mgQ) 2,697.6t 5064 2,506.2+*565.6 NS 2,679.9+ 810.8 25535+ 7164 NS NS NS
Iron (MgQ) 124+ 2.3 129+ 3.0 NS 128t 3.7 11.9+ 3.0 NS NS NS
Zinc (MQ) 8.7t 1.7 80t 1.8 NS 8.3+ 1.9 7.8+ 1.7 NS NS NS
Fiber (Q) 21.4+ 50 214+ 58 NS 20.1 5.9 19.1 £ 4.8 NS NS NS

1) p value by paired t-test within groups

2) p value by t-test between groups at pre-education stage
3) p value by t-test between groups at post-education stage
4) Mean = SD

5) NS: noft significance



Table 5. The change in general dietary habits of the subjects after low-sodium diet education according to BMI classification

Normal Overweight-Obesity
Variables (N = 30) p-value” (N =5T1) pvalue"  pvalue?  p-value®
Before After Before After
Regular dietary 1. Having 3 meals a day without missing any meal 45+ 119 4.6+ 1.1 0.0431 45+ 1.1 47+ 1.0 0.0068 NS9 NS
halboits 2. Having breakfast everyday 45+ 1.1 49+ 06 00223 47+ 09 48+ 08 NS NS NS
3. Having medals often after 10 PM 48+ 08 49+ 05 NS 49+ 06 48+ 08 NS NS NS
4. Enjoying the meals and eating slowly 35+ 1.7 36%x 15 NS 32+ 1.8 34+ 1.7 NS NS NS
5. Eating until feeling full 29+ 1.7 31% 1.6 0.0431 29+ 1.7 34+ 18 NS NS NS
\gﬂ;gslﬁgzig 6. I:r?\e/iglg cereals such as rice, breads, noodles, potato every 274 21 30+ 20 NS 205+ 20 26+ 2.1 NS NS NS
7. Having meats or eggs more than once a day 1.7+ 1.6 24+ 1.7 0.0024 24+ 1.9 28+ 1.6 0.0002 NS NS
8. Having fish at least once a day 22+ 1.8 24+ 14 NS 24+ 1.8 25+ 1.5 0.0323 NS NS
9. Having soybean products such as fofu or soymilk everyday 35+ 1.6 41% 1.4 0.0026 38+ 1.6 43%+ 1.4 00011 NS NS
10. Having vegetable dishes(except kimchi) everyday 40+ 15 42+ 1.2 NS 40+ 1.3 40%+ 1.6 NS NS NS
11. Having dishes cooking with cils every meal 34+ 15 39+ 1.2 NS 356+ 1.6 39+ 13 NS NS NS
12. Having milk or dairy products everyday 3.0+ 1.8 37+ 1.7 0.0027 3.6+ 1.6 38+ 1.6 0.0237 NS NS
13 .Having fruits everyday 43+ 1.0 45+ 1.2 NS 41+ 1.4 44+ 1.3 0.0029 NS NS
14. Making an effort to eat many kinds of food in a day 35+ 1.6 37x 1.6 NS 3.6+ 1.5 39x 1.6 00142 NS NS
Heatth-conscious 15. Often eat sweets and sweet foods 42+ 1.2 45x 1.2 0.0112 43+ 1.1 43%= 14 NS NS NS
dietary habifs ¢4, Ig\(j)%ing eating fatty meats (pork bally, fib, roasted beefand 11 454 o NS 49+ 11 48+ 1.3 NS 00318 NS
17. fOof:)ednsuse processed foods such as ramen, ham, canned 45+ 09 47+ 09 NS 46+ 10 47+ 08 NS NS NS
18. Offen use food delivery and eating out 46+ 08 45+ 1.2 NS 46+ 09 4.7+ 09 NS NS NS
19. Heavy drinking or drinking often 48+ 0.7 48% 038 NS 47+ 07 48+ 08 NS NS NS
20. Enjoying the meals in a pleasant atmosphere 35+ 1.7 37x 1.7 NS 40+ 1.6 45+ 10 NS 0.0088 NS
21. Eating the meals cooked at home 45+ 12 47+ 07 NS 48+ 0.7 49+ 06 NS NS NS
Total 7431225 81.4x170 0.0202 78.0+20.1 82.7%+13.2 < 0.0001 NS NS

1) p value by paired t-test within groups
2) p value by ttest between groups at pre-education stage
3) p value by ttest between groups at post-education stage

4) Mean =+ SD

5) NS: not significance
Score: 0.5 = less than once a week, 3 = 2-4 times a week, 5 = 5 times a week (Question 3, 5, 11, 15~19 are inverse-coded)
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Table 6. The changes in dietary behavior associated with sodium after low-sodium diet education according to BMI classification

Normal Overweight-Obesity
Variables (N = 30) p-value” (N =51) p-value” p-value? p-value?
Before After Before After
| like dried fish and salted mackerel 07+£0507+05 NS 06+0507+£05 NS NS NS
Ifrene;g;ssohsﬂed without salted and fermented fish for 09+03 1.0+00 NS 09403 09403 NS NS 0.0443
| like seasoned rice or bowl of rice served with foppings 0.8+ 0.4 0.9+0.4 NS 0.6+05 0605 NS NS 0.0258
| fend to eat much broth when eating soup, stew, and 07405 08+04 NS 05405 07404 00010 NS NS
noodles
| offen eat processed food such as Ramen, canned 09+03 1.0+00 NS 09402 1.0400 NS NS NS
food, and ham
| often eat out or eat delivered foods (2-3 fimes/week) 0.9+0.3 0.8+ 04 NS 09+ 021002 NS NS NS
| like kimchi and salt-fermented vegetables. (jangajii) 0.7+05 08*04 NS 0.6%+05 08%+04 0.0019 NS NS
| egT dipping sauce pr seasoning much when eating 08404 09+03 NS 08404 094023 NS NS NS
fiied foods or raw fish
| think that dishes should be pretty seasoned 09+04 1.0+0.2 NS 0.7+0.5 0.8+0.4 0.0052 NS 0.0295
| prefer soy sauce when eating vegetables 0.7+£05 0.7£0.5 NS 06+0506+05 NS NS NS
Total 79+21 86+1.3 00208 69+27 81+1.8 0.0024 NS NS

1) p value by paired t-test within groups

2) p value by t-test between groups at pre-education stage
3) p value by t-test between groups at post-education stage
4) Mean = SD

5) NS: noft significance

Score; Yes =0, No =1
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Table 7. The changes in dietary diversity score (DDS) and dietfary variety score (DVS) affer low-sodium diet education according to BMI

classification
) Normal (N = 30) Overweight-Obesity (N = 51)
Variables p-value" p-value" pvalue?  p-value?
Before After Before After

DDS 4.0+£0.79 47+£0.6 0.0009 3.9+08 4.7+0.6 < 0.0001 NS® NS
1 0( 0.09 0( 0.0 0.0434 0( 0.0 0( 0.0 0.0005 NS NS
2 0( 0.0 0( 0.0 3(59) 0( 0.0
3 6(20.7) 1( 3.5 11 (21.6) 3(59)
4 16 (55.2) 8(27.7) 24 (47.1) 10(19.7)
5 7(24.1) 20 (69.0) 13 (25.5) 38 (74.5)

DVS 162+ 3.7% 200t 4.6 0.0008 16.3+4.8 19.2+5.0 0.0006 NS NS

1) p value by paired t-test or chi-square test within groups

2) p value by ttest or chi-square fest between groups atf pre-education stage
3) p value by t-test or chi-square fest between groups at post-education stage
4) Values are Mean =+ SD

5) NS: noft significant

6) N (%)

Table 8. DQ)I-| score change of the subjects after low-sodium diet education according fo BMI classification

Normal Overweight-Obesity
Variables (N = 30) p-value” (N=51) pvalue!  pvalue?  p-value?
Before After Before After

Variety

Overall food group variety (15)%  12.1+£2.0% 140+1.7 0.0009 11.8+25 141+£1.8 <0.0001 NS® NS
V;’gﬁ'r’;g[g;]p varietyforprofein 46415 48+08 00086  41+15 47+10 00265 NS NS
Adequacy

Vegetable group (5) 3.7%£1.2 3.3 1.1 NS 3.2+1.2 3.3%£1.2 NS NS NS
Fruit group (5) 3.0+22 45+15 0.0100 32+24 44114 0.0232 NS NS
Grain group (5) 22+0.8 21107 NS 25+09 23+08 NS NS NS
Fiber (5) 4,6+07 4.4+0.8 NS 44+08 43%+07 NS NS NS
Protein (5) 50+00 50£0.0 NS 50+00 50+00 NS NS NS
Iron (5) 49+0.3 49104 NS 49+04 49102 NS NS NS
Calcium (5) 3.1+08 34110 NS 32+09 3.3%+09 NS NS NS
Vitamin C (5) 43108 38110 NS 40+1.1 38110 NS NS NS
Moderation

Total fat (6) 42+19 43+15 NS 44+19 41%£20 NS NS NS
Sodium (6) 26+25 41+£22 0.0011 20+22 3.3+24 0.0049 NS NS
Saturated fat (6) 54+15 53+1.5 NS 58+1.0 52%146 0.0406 NS NS
Cholesterol (6) 53+1.7 53+1.5 NS 52+1.8 55115 NS NS NS
Empty calories food (6) 53+1.9 58+1.1 NS 52+1.7 59+06 0.0064 NS NS
Overall balance

Macronutrient ratio

(Catbohydrate: Protein: Faf) (6) 15+1.0 24109 NS 1.2+0.8 25+1.2 0.0004 NS NS
F[CP’WAO:C,'\‘;J?:O:SFA] " 19405  1.6+07 NS 12405 09+0.3 NS NS NS
Total DQI-I Score (100) 71.7+£6.0 780+ 6.5 < 0.0001 71.5+78 762+56 < 0.0001 NS NS

1) p value by paired t-fest within groups

2) p value by t-test between groups at pre-education stage

3) p value by t-test between groups at post-education stage

4) This score means perfect score of each evaluation standard presented in Table 1
5) Mean =+ SD

6) NS: not significant
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