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Objectives: To apply a healthy dietary program with reduced sodium intake, developed us-
ing data from the Korea National Health and Nutrition Examination Survey (KNHANES), fo-
cusing on the sodium intake level and eating patterns.

Methods: The program was implemented using a living lab model, an open innovation eco-
system for user-centered problem-solving. Analysis of the KNHANES data revealed that old-
er age groups had a low energy intake but a high sodium intake, particularly among those
who frequently dined out. The program was designed to improve sodium-reduction literacy
and enhance practical competency. Over four weeks, 40 participants tracked their dietary
intake and worked with a clinical nutritionist through a process of diagnosis, experience,
improvement, and expansion. A self-administered survey was conducted before and after
the program to assess effectiveness.

Results: Participants were four teenagers (10%), 26 in their twenties (65%), and 10 aged >
30 years (25%), with eight males (20%) and 32 females (80%). Post-program analysis
showed significant improvements in sodium-related nutrition knowledge (P < 0.01), with in-
creased agreement on adopting low-sodium intake practices (e.g., interest in sodium con-
tent, choosing lower-sodium foods). Nutrient intake analysis showed a decrease in energy,
carbohydrates, lipids, and proteins (P < 0.001), with sodium intake decreasing from
3,382.37 mg/d t0 2,119.05 mg/d (P < 0.001).
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Conclusion: The community-based, living lab model for the sodium-reduction program ef-
fectively improved participant sodium-reduction literacy and practical competency, suggest-
ing that step-by-step, autonomous learning, can reduce sodium intake and promote health-

ier eating habits.

Keywords: evidence-based practice; diet, sodium-restricted; living-lab model
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Living lab for reduced-sodium healthy eating

METHODS

Ethics statement

The written informed consent was obtained from all par-
ticipants and or/the guardians for the survey. The survey
procedures and protocols were approved by the Institu-
tional Review Board of Pai Chai University (IRB No.
2-1040766-AB-N-01-C-2020-14).
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< Action program >

< 4-week action solution >

< Diagnosis of dietary habits
- Measurement of health-related factors such as blood
pressure, weight, etc., and taste evaluation tests
- Recording a video diary of dietary habits observation
< Experience of dietary habits
- Conducting a comprehensive program, including a
4-week experience mission and creating a video-photo
diary of dietary habits
- Conducting the participant motivation event ‘One-Week
Resolve’
< Improvement in dietary habits
- Measurement of blood pressure, weight, taste
evaluation tests, etc.
- Expert customized consulting, including healthy diet

recommendations and taste improvement solutions, etc.

< Expansion of dietary habits
- Production of a documentary on the movement for
improving dietary habits

- Promotion of activity videos and testimonials of changes

through SNS, etc.

Group and individual missions for

Week 1 avoiding late-night snacks
|
|

s Ay e s
|

Week 4 Consuming plenty of vegetables and

fruits

Fig. 1. Structure and practical steps of the reduced-sodium healthy eating practice program.
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Table 1. General characteristics of the participants (n = 40)

Characteristics Classification Frequency
Sex Male 8(20.0)
Female 32(80.0)
Age group (year) 10s 4 (10.0)
20s 26 (65.0)
30s 2(5.0)
40s 3(7.5)
50+ 5(12.5)
Family size 1 6 (15.0)
2 1(2.5)
3 7 (17.5)
4 17 (42.5)
25 8(20.0)
N/A 1(2.5)
Occupation Service and sales 1(2.5)
Clerical 6 (15.0)
Self-employed 1(2.5)
Professionals 2 (5.0)
Others 15 (37.5)
None 15 (37.5)
Income range <1 6 (15.0)
(miIIion KRW) 1-2 4 (100)
2-3 0(0.0)
3-4 9 (22.5)
4-5 8(20.0)
25 12 (30.0)
N/A 1(2.5)
Education level Elementary school graduate 3(7.5)
Middle school graduate 0(0.0)
High school graduate 21 (52.5)
University graduate 11 (27.5)
Graduate school or higher 3(7.5)
N/A 2(5.0)
Obesity degree Underweight” 4 (10.0)
Normal weight” 23 (57.5)
Overweight® 8(20.0)
Obese” 5 (12.5)
n (%).

N/A, not available.

YBody mass index (BMI) of <18.5 kg/m”.
218.5 < BMI <23 kg/m’.

923 < BMI <25 kg/m”.

“BMI of > 25 kg/m>.

(20.0%), o4& 3275(80.0%)°0] A1, A TLAL 20T)7} 2673
(65.0%) 0.2 714 wory theo @ 50tf o]A; 5%(12.5%), 10
th 49(10.0%), 40t 39 (7.5%), 30t] 278(5.0%)2] &o]ic}. 7}
& 82 491 7HE0) &3t R 178 (42.5%) 2.2 7w
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Table 2. Goals and content structure of the evidence-based re-
duced-sodium healthy eating practice program

Goal 1: ‘Literacy’ enhancement for sodium reduction

< Emphasize balanced meal intake centered on breakfast
<Intend to improve fruit and vegetable consumption
<Intend to reduce the frequency of eating out

Goal 2: ‘Competency’ strengthening for sodium reduction

< Choose ingredients to reduce sodium intake

< Practice your own recipes and methods

< Practice healthier menus today than those from yesterday

https://doi.org/10.5720/kjcn.2024.00346
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Fig. 2. Change in nutrition knowledge before and after the
reduced-sodium healthy eating practice program (n = 38).
Mean + SD; paired t-test; **P < 0.01.
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Table 3. Intentions to reduce sodium before and after the reduced-sodium healthy eating practice program (n = 40)

Classification Before® After” t-value” P-value®

| will be interested in the amount of sodium in foods and 3.78 £ 0.92 4.43 +0.68 -4.106 <0.001
ingredients.

| will practice a low-sodium diet to improve my health. 453 +0.64 4.73 +0.55 -2.243 0.031

I will purchase fresh foods rather than processed and instant 418 £+ 0.68 4.43+0.84 -1.706 0.096
foods.

| will ask for food to be prepared with less salt when dining 290+ 1.06 3.60+1.03 -4.149 <0.001
out.

| will choose dishes that preserve the natural flavors of ingre- 3.75+0.67 4.30+0.61 -5.135 <0.001
dients rather than spicy and salty foods.

| will pay attention to cooking methods that support a low-so- 4.33 £ 0.66 428 +0.72 0.361 0.720
dium diet.

| will believe that attempts and interest in reducing sodium 428 +0.72 4.50 £ 0.55 -1.940 0.060
intake can lead to social change.

| will choose low-sodium versions of pickled foods and kimchi.  3.85 + 0.77 418 + 0.87 -2.010 0.051

| will opt for steamed or grilled dishes instead of braised dish- ~ 4.20 + 0.65 4.30+0.72 -0.752 0.457
es.

| will leave the broth and focus on the solid ingredients when 450 +0.75 4.68 £ 0.62 -1.639 0.109
eating soup, stew, or ramen.

| will reduce the amount of gochujang or seasoning in bibim- 4.03 £ 0.86 4.33+0.83 -1.669 0.103
bap by half.

| will gradually reduce the amount of soup base inramenand  3.75 + 1.19 3.93+1.23 -0.943 0.352
cook with half the recommended amount.

| will consume fresh vegetables and fruits. 4.83 +£0.38 4.80 £ 0.52 0.274 0.785

| will not use table salt separately. 4.60 + 0.59 4.65 + 0.62 -0.467 0.643

| will consciously try to eat food with less seasoning and sauc-  4.60 + 0.55 4.68 + 0.57 -0.684 0.498
es.

| will check the nutrition labels of processed foods to choose 4.40 £ 0.63 443 +0.64 -0.206 0.838
products with lower sodium content.

| will refer to “low-sodium recipes” for guidance when cook- 4.05 + 0.93 4.23+0.73 -1.267 0.213
ing.

Mean + SD.

1 = Strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree.

?Paired t-test.
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Table 4. Dietary behaviors for reducing sodium before and after the reduced-sodium healthy eating practice program (n = 40)

Classification Before® After” t-value® P-value”

| eat all the broth in soups, stews, noodles, and ramen. 3.30+1.29 4.00 +0.88 -3.264 0.002

| feel that if food is bland, something is missing, and | am not 257 +1.12 3.43+0.93 -5.237 <0.001
satisfied.

| enjoy dishes like donburi, fried rice, bibimbap, and curry rice. 2.05+0.88 2.59 + 0.90 -3.651 0.001

| like simmered dishes that are seasoned just right with soy 2.25+0.94 2.86 + 0.90 -3.588 0.001
sauce.

| prefer Japanese or Chinese food over Western food. 2.81+0.91 3.22 +0.92 -2.852 0.007

| like kimchi more than fresh vegetables. 295+ 1.27 316+ 114 -1.091 0.282

| enjoy snacks with a salty taste, like potato chips and crackers.  2.73 + 1.37 3.27 + 1.07 -3.424 0.002

| dine out or order takeout at least twice a week. 249+ 115 3.32+1.20 -3.484 0.001

| like dried fish or salted mackerel. 314 +111 3.57+1.01 -2.665 0.011

| feel incomplete if there are no fermented fish products, like 4.08+1.12 4.38 + 0.86 -1.766 0.086
salted cod roe, on the table.

| enjoy spicy and salty foods as snacks while drinking alcoholic.  2.70 + 1.33 3.49+1.19 -4.886 <0.001

| like spreading butter or margarine generously (100% of the 253+142 3.58+1.32 -7.666 <0.001
bread surface) on bread.

| usually use homemade soy sauce rather than regular soy 3.51+1.26 324 +1.21 1.822 0.077
sauce.

| habitually add salt or soy sauce before meals. 3.97 £1.26 4,38 +0.76 -2.579 0.014

I immediately add salt or soy sauce at the table if dishes like 3.19+1.49 4,19 +0.89 -4.743 <0.001
vegetables or soups are bland.

| feel that if there is less salt in food, it doesn’t taste good. 2.69+1.12 3.53+1.03 -5.916 <0.001

| often use mayonnaise or salad dressing when cooking. 319+ 1.17 3.47 £ 1.06 -1.303 0.201

| frequently eat soybean paste soup. 2.95 + 1.05 3.49 +1.02 -2.941 0.006

| dip pancakes, fried foods, or sashimi generously in soy sauce 3.15+1.25 3.92+0.98 -4.629 <0.001
(enough to submerge the food).

| like instant foods (like ham and sausages) or ready-to-eat 2.61+1.24 3.08 £ 0.91 -3.070 0.004
foods (like 3-minute meals), and ramen.

| eat vegetables with every meal.”’ 2.97 £ 0.96 3.46 £ 0.97 -2.714 0.010

| eat fruit more than twice a day.” 254 +1.17 3.00 £ 1.05 -2.471 0.018

| usually check the sodium content on nutrition labels when 244 +1.41 3.33+1.08 -4.634 <0.001
purchasing food or dining out.”

Mean + SD.

Y1 = Strongly agree; 2 = agree; 3 = neutral; 4 = disagree; 5 = strongly disagree.

IPaired t-test.

FReversed scale (1 = strongly disagree; 2 = disagree; 4 = agree; 5 = strongly agree).
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Table 5. Nutrient intake levels before and after the reduced-sodium healthy eating practice program (n = 40)

1)

Classification Before After t-value” P-value
Energy (kcal) 2,000.71 £ 912.59 1,450.27 + 711.18 4.286 <0.001
Carbohydrate (g) 271.44 + 113.51 205.04 £ 107.31 4.025 <0.001
Lipid (g) 58.45 + 29.66 4155 +21.48 4.059 <0.001
Protein (g) 72.35 + 34.47 53.21 + 26.44 3.999 <0.001
Dietary fiber (g) 23.39+12.11 18.20 + 10.03 2.826 0.007
Vitamin A (UgRAE) 307.18 + 118.17 233.63 £ 109.61 4.012 <0.001
Vitamin D (ug) 3.64 +297 252 +227 2.278 0.028
Vitamin E (mg) 15.89 £ 8.13 12.46 + 7.84 3.400 0.002
Vitamin K (ug) 113.65 + 67.20 113.47 + 88.82 0.013 0.990
Vitamin C (mg) 87.91 + 41.89 87.58 + 50.86 0.047 0.963
Thiamin (mg) 1.95 + 0.92 1.39 £ 0.69 4.315 <0.001
Riboflavin (mg) 1.63 £ 0.69 1.18 + 0.56 4.988 <0.001
Niacin (mg) 9.99 +5.28 752 +3.73 3.365 0.002
Ca (mg) 549.32 + 209.32 401.47 £ 216.09 4.801 <0.001
P (mg) 1,107.18 + 482.17 822.28 +414.82 4.285 <0.001
Na (mg) 3,382.37 + 2,345.57 2,119.05 £ 1,326.63 4.082 <0.001
K (mg) 2,301.83 +1,021.15 1,845.01 £+ 898.53 2.956 0.005
Fe (mg) 13.44 £ 6.28 10.72 £5.23 3.035 0.004
Zn (mg) 12.26 + 8.74 8.03+3.78 3.211 0.003
Cholesterol (mg) 334.06 + 186.12 236.38 £ 132.69 4.283 <0.001
Mean + SD.

YPaired t-test.
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