
ABSTRACT

This study compared the effects of 12 weeks of intensive nutrition education (IE) using the 
5A's behavioral change model and basic nutrition education (BE) on nutritional knowledge 
and nutrient intake among Korean adolescent athletes. This study included elite adolescent 
athletes (IE group: n = 65, BE group: n = 65) at a physical education high school in Seoul.  
In this prospective, randomized, controlled trial, the athletes' body composition, nutritional 
knowledge, nutrient intake, and self-management practices were evaluated at the beginning 
and end of the intervention. Both groups had increased levels of nutrition knowledge 
between pre- and post-test, but the change in total score for nutrition knowledge was 
significantly higher in the IE group than in the BE group (p < 0.001). Energy intake post-test 
increased significantly in the IE group (from 2,185 to 2,651 kcal/day, p < 0.001) but not in the 
BE group. The intake of carbohydrates, protein, and fat also increased significantly in the 
IE group (carbohydrates: from 298 to 352 g/day, protein: from 86 to 106 g/day, fat: from 71 
to 88 g/day, all p < 0.001), but the change in the BE group was not significant. Additionally, 
the IE group showed a significant overall increase in vitamins and minerals compared to 
the BE group at post-test. Adolescent athletes in the IE group showed improved nutritional 
knowledge and intake compared to those in the BE group 12 weeks after the intervention.
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INTRODUCTION

Strategies for healthy nutrition can help athletes improve exercise performance [1]. A healthy,  
balanced diet for adolescent athletes plays an important role in meeting nutritional needs 
for growth, health promotion, and athletic performance [2]. Despite understanding the 
importance of nutrition, many athletes’ diets do not meet recommendations for sports 
nutrition and general health [3].

Athletes are increasingly interested in sports nutrition to improve performance in high-level 
sports competitions [4]. Although the importance of nutrition education is emphasized by 
international sporting organizations, the effects of nutrition education on adolescent athletes 
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have not been well studied [2,5]. A systematic review acknowledged the lack of nutrition 
knowledge among adult and adolescent athletes [6]. Nutrition education for adolescent 
athletes is necessary because the eating habits and behaviors that develop during adolescence 
generally continue into adulthood [7].

Exercise performance is optimized by increasing lean muscle, reducing body fat, and 
consuming adequate fuel before, during, and after training and competition [8]. To optimize 
athletic performance, athletes need to know how to consume a healthy and balanced 
diet, including the timing of food intake, and to apply sports nutrition strategies during 
training and competitions [1]. Furthermore, nutrition education programs for athletes 
must be designed to improve nutrient intake, health, and nutrition knowledge to enhance 
performance [9]. Moreover, adolescent athletes generally require more energy intake than 
non-athletes. Despite this need, many athletes attempt to lose weight by limiting energy 
intake or skipping meals [10].

The 5A's (Assess, Advise, Agree, Assist, and Arrange) model, which was originally developed 
as a smoking cessation program, is a counseling technique with verified effectiveness in 
weight control programs [11]. Given that optimal weight control and nutrient intake are 
crucial for enhancing athletic performance, there has been limited exploration of nutrition 
counseling techniques specifically tailored for adolescent athletes [12]. Therefore, we 
evaluated whether 12 weeks of intensive nutrition education (IE) applying the 5A's behavior 
change model improved the nutritional knowledge, nutrient intake, and self-management 
practices of adolescent athletes in South Korea.

MATERIALS AND METHODS

Participants and study design
This prospective, controlled clinical trial was conducted at a high school in Seoul, South Korea, 
from May to September 2018. The participants were 144 adolescent athletes (16–18 years;  
boys: 86, girls: 58). The inclusion criteria were adolescent athlete training for sports 
competitions, agreeing to participate in the study, and voluntarily signing written consent. 
The exclusion criteria were not currently exercising due to injury, disease, or a history of illness 
or who participated in a nutrition education program within 3 months of the study.

Participants were divided into two groups. The IE group received four sessions of group 
nutrition education, four face-to-face meetings (approximately 20 minutes each) with an 
expert who applied the behavior change model of the 5A’s, four mobile messages, and two 
phone calls. The basic nutrition education (BE) group received only four sessions of group 
nutrition education.

During the intervention, 14 participants withdrew due to injury, noncompliance, transfer, 
or study schedules. Therefore, data from 130 participants (65 each in the IE and BE groups) 
were analyzed. At the beginning and end of the study, anthropometric characteristics, 
nutritional knowledge, nutrient intake, and self-management practices were surveyed. 
Figure 1 presents a flow chart of the participants. All the athletes provided written consent, 
including legal representatives. This study was approved by the Institutional Review Board 
(IRB) under expedited review (IRB number: IRB-18-006), and written consent was obtained 
from all participants.
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Nutrition intervention process
The nutritional interventions differed between groups. The BE group received only group 
nutrition education at 1, 4, 7, and 11 weeks. Nutrition experts designed and developed four topics 
and 16 content areas for group nutrition education. This curriculum used “The Performance 
Nutrition Curriculum,” which was developed in previous research, to be suitable for and easy for 
adolescent athletes to understand [13].

Nutritional interventions in the IE group varied in content and frequency. The IE group 
received the four group nutrition education sessions provided to the BE group with 
customized nutritional counseling applying the 5A's behavior change model (Figure 2).  
Each 5A’s counseling sessions included five steps: assess, advise, agree, assist, and arrange. 
The IE group was additionally provided 10 multidimensional nutritional interventions, 
including four meetings with clinical dietitians, four phone messages after nutrition 
education, and two phone calls between sessions. The sessions lasted 20–30 minutes each 
and were provided by a qualified clinical dietitian to minimize bias [14]. Nutrition counseling 
for the IE group was individually personalized based on their athletic goals, following a 
previously reported approach [15]. In each session, the IE group was provided with 10 healthy 
eating habits for adolescent athletes that could improve health and athletic performance, 
including 1) eating food evenly at every meal; 2) eating enough for breakfast; 3) eating milk 
or dairy products 2–3 times a day; 4) eating enough protein and iron-rich food; 5) eating 2–3 
snacks in addition to three meals per day; 6) drinking water before, during, and after exercise; 
7) eating carbohydrates before exercise; 8) eating food for recovery within 30 minutes after 
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Adolescent athletes assessed for eligibility
(n = 144)

Randomization (n = 144) 

IE group
(n = 72) 

Completed 12-week education follow-up
(n = 65)

Four: Group nutrition education 
Four: 5A's nutrition counseling 
Four: Message by cellphone 
Two: Phone calls 

Four: Group nutrition education (only)

Completed 12-week education follow-up
(n = 65)

Lost to follow-up (n = 7) 
• Injury (n = 3) 
• Noncompliant (n = 2) 
• Personal issues (n = 2) 

Lost to follow-up (n = 7) 
• Injury (n = 4) 
• Noncompliant (n = 3)

IE group BE group

BE group
(n = 72)

Figure 1. Flow chart of participants of the study. 
IE, intensive nutrition education; BE, basic nutrition education.
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high-intensity exercise; 9) getting enough sleep; and 10) consulting with an expert about 
choosing a sports supplement.

Assessment
General and anthropometric characteristics
Age, sex, anthropometric indices, sleep duration, daily exercise duration, and duration of 
training were investigated. Body composition (height, body weight, lean body mass, body 
mass index, fat weight, and percent body fat) was assessed using an Inbody 720 (Biospace Co. 
Ltd., Seoul, Korea).

Assessment of nutritional knowledge
To assess changes in nutritional knowledge, we utilized a valid and reliable nutrition knowledge 
questionnaire by Furber et al. [16]. The questionnaires comprised questions on carbohydrates 
(23), proteins (18), fats (23), macronutrients (25), vitamins/minerals (25), fluid intake (6), 
and exercise/supplements (14). The total number of questions was 109; each item could be 
answered as "yes," "no," or "not sure." The score for each question was coded as 1 for a correct 
response and 0 for an incorrect or “unsure” response. The sum of the scores obtained from 
items 1 to 109 was the total score, with higher scores indicating better nutritional knowledge.

Assessment of nutrient intake
To assess participants’ nutrient intake, 3-day food records were examined before and after 
the intervention. The 3-day food record consisted of 2 weekdays and 1 weekend day to reflect 
their average intake and provide valid results [17]. Participants were educated on the weight 
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· Ask questions
a. Physical fitness
b. Interest & concern
c. Appetite
d. Rapport formation
e. Nonjudgmental

· Nutrition knowledge
· Dietary habits
· 3-day record
· Anthropometry

a. Weight
b. Height
c. Body mass index
d. Body fat
e. Muscle mass

Reassess

Assess* Advise† Agree‡ Assist§ Arrange∥

· Collaboratively set
nutrition goals based on
the athlete's interest and
confidence to perform
the behavior

· Using the SMART
a. Specific
b. Measurable
c. Achievable
d. Rewarding
e. Timely

· Respectful negotiation
· Action plan

· Provide problem-solving
strategies
a. Identify personal barriers
b. Manage a busy training

schedule
c. Plan snack
d. Eating out a healthy way
e. Travel and restaurant

tips during competition
season

f. Advice for making a
healthy food choice

h. Recommend sports
supplements if need

· Reviewing action plan

· Schedule follow-up
contracts to provide
on-going assistance
a. In person
b. By telephone
c. By phone message
d. By email

· Adjust the nutrition plan
including referral to
more intensive or
specialized nutrition
education
a. Nutrition lecture notice
b. Provide nutrition

education
materials and leaflet

· Clear, specific,
personalized advise
a. Athletic performance

and health risk
b. Benefit of behavior

change 
c. Healthy and balanced

diet
d. Nutrient timing

strategy before, during,
and after

e. Stress management
f. Adequate fluid intake
h. Adequate sleep

· Life style monitoring
· Nutrition education

using PPT and pamphlet

Figure 2. Nutrition counseling sample applying the 5A’s behavior change model with adolescent athletes in this study. 
*The phase to inform the participant about risk and the need to change their lifestyle; †The phase to suggest motivational counseling and education; ‡The phase 
to set goals collaboratively; §The phase to present a specific action plan; ∥The phase to follow-up.
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of food provided by a well-trained clinical dietitian, and after recording their food intake, they 
confirmed and corrected their forms using the direct interview method. Statistical analysis of 
the participants’ nutrient intake was performed using CAN-Pro (Computer Aided Nutritional 
Analysis Program, version 5.0; The Korean Nutrition Society, Seoul, Korea).

Assessment of athlete self-management practices
To evaluate changes in self-management, the athlete self-management practices questionnaire 
developed by Kim [18] was used. The athlete self-management practices questionnaire 
was developed to measure six areas: mental readiness management (8 items), daily living 
management (8 items), personal routine management (5 items), training management (6 items), 
interpersonal relationship management (3 items), and physical conditioning management (5 
items). It has a total of 35 questions, all of which are composed of positive language. Each item is 
answered using a 5-point scale (1: not at all, 5: very much). The average score of each factor was 
used to compare the factors because the number of items differed by factor.

Statistical analysis
All the data are reported as the mean ± standard deviation or as a percentage. Group 
differences in age, body composition, and duration of training were assessed using 
independent sample t tests at baseline. Independent samples t tests were also used to 
compare differences in pre- and post-test nutrient intake and nutritional knowledge. The 
associations between categorical variables were assessed using the chi-squared test. A paired 
t test was used to identify differences in the means of continuous data within each group 
pre- and post-test; between-group comparisons were analyzed using the independent t test. 
Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) 
version 23 (IBM, Seoul, Korea); p values < 0.05 indicated statistical significance.

RESULTS

General and anthropometric characteristics
The baseline characteristics of both groups are shown in Table 1. No significant differences 
were noted between the IE and BE groups.

Nutrition knowledge of the participants
Table 2 shows the average nutritional knowledge of the IE and BE groups in the pre- and 
post-tests. At the post-test, both groups showed significant improvement in total nutritional 
knowledge compared with their respective pre-tests (p < 0.001), but the IE group had a much 
greater increase than the BE group (the IE group improved from 26.9 to 63.9, whereas the 
BE group improved from 28.5 to 48.1) (p < 0.001). Changes in carbohydrate scores were 
significantly higher in the IE group than in the BE group (p < 0.001). Knowledge about 
protein increased significantly in the post-test (p < 0.001), and the increase in the IE group 
was significantly higher than that in the BE group (p < 0.05). Fat-related knowledge increased 
significantly in both groups in the post-test (p < 0.001), but the percentage of correct answers 
was <50%. In both groups, the percentage of correct answers in the nutrient category was 
only approximately 25% pre-tests; a significant increase was observed post-test (60% for the 
IE group vs 43% for the BE group) (p < 0.001). At pre-test, sports nutrition knowledge had 
the lowest correct answer rate among the six categories, and the number of correct answers 
increased significantly post-test (p < 0.001), although the percentage of correct answers 
remained low (of the 14 items, 8.5 for the IE group and 6.2 for the BE group).
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Nutrient intake of participants
The nutrient intake of the participants pre- and post-test is summarized in Table 3. The IE 
group exhibited a significant post-test increase in energy intake (p < 0.001), while the BE 
group showed no significant changes. Daily energy intake significantly increased in the IE 
group but decreased in the BE group (p < 0.001). Carbohydrate intake increased significantly 
in the IE group (p < 0.001) but decreased in the BE group. The daily protein intake of the IE 
group was significantly higher than that of the BE group (p < 0.01). At post-test, the fat intake 
of the IE group significantly increased (p < 0.001), while that of the BE group decreased. Both 
groups maintained the recommended ranges for carbohydrate, protein, and fat intake. The 
vitamin A intake was lower than the Korean dietary reference intake 2015 (KDRI) for both 
the pre- and post-test. At pre-test, the BE group had adequate vitamin D intake, while the 
IE group consumed only 43% of the recommended levels. Both groups showed significantly 
lower vitamin D intake post-test. The vitamin C intake was below the KDRI for both groups. 
The intake of vitamin E, thiamin, riboflavin, folic acid, and vitamin B12 was higher than 
that of the KDRI at pre- and post-test. However, the levels of vitamins A, D, and C remained 
lower than those in the KDRI despite the intervention. Calcium, potassium, magnesium, 
and manganese intakes were lower than the KDRIs at both pre- and post-test in both groups. 
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Table 1. General and anthropometric characteristics of the study participants at baseline
Variables IE group (n = 65) BE group (n = 65) p value
Age (yr) 16.5 ± 1.0 16.8 ± 1.0 0.108
Sex 0.235

Boys 43 (66) 38 (58)
Girls 22 (34) 27 (42)

Anthropometric
Height (cm) 171.3 ± 7.7 170.8 ± 7.4 0.744
Weight (kg) 67.9 ± 16.8 71.3 ± 16.7 0.240
Body mass Index (kg/m2) 22.9 ± 4.2 24.3 ± 4.6 0.073
Lean body mass (kg) 55.2 ± 10.9 57.4 ± 11.5 0.254
Body fat (%) 17.9 ± 5.3 18.9 ± 5.9 0.290
Fat mass (kg) 12.7 ± 7.0 13.9 ± 7.2 0.329

Sleep time (hr) 6.9 ± 0.6 6.7 ± 0.8 0.063
Aerobic exercise* (days/wk) 5.3 ± 2.6 5.3 ± 2.7 0.949
Vigorous exercise† (days/wk) 5.4 ± 1.2 5.5 ± 1.3 0.646
Daily exercise time (hr) 4.5 ± 1.3 5.0 ± 0.8 0.022
Duration of training (yr) 5.3 ± 2.2 5.3 ± 1.6 0.982

Data are expressed as the number of participants (or proportion) or mean ± standard deviation.
Group differences in age, body composition, duration of training, weekly exercise frequency, and time were 
assessed using independent samples t tests at baseline.
IE, intensive nutrition education; BE, basic nutrition education.
*Activities that increase heart rate or cause breathlessness for 60 minutes or more per day; †Physical activities 
causing significant breathlessness or sweating for at least 20 minutes.

Table 2. Pre- and post-test scores for nutritional knowledge in the IE and BE groups
Variables IE group (n = 65) BE group (n = 65) p value‡

Pre-test Post-test Change Pre-test Post-test Change
Carbohydrate (n = 23) 5.5 ± 3.5 15.6 ± 4.6† 10.1 ± 5.2 5.6 ± 3.2 10.6 ± 4.7† 5.0 ± 4.3 < 0.001
Protein (n = 18) 5.9 ± 3.7 10.4 ± 2.5† 4.5 ± 3.9 6.0 ± 3.1 8.3 ± 3.3† 2.3 ± 3.8 0.001
Fat (n = 23) 4.2 ± 3.7 11.0 ± 4.5† 6.7 ± 5.8 5.7 ± 5.1 9.9 ± 5.3† 4.1 ± 5.6 0.010
Nutrient (n = 25) 6.4 ± 4.5 15.0 ± 3.6† 8.6 ± 4.9 6.3 ± 4.0 10.7 ± 4.4† 4.4 ± 4.1 < 0.001
Fluid (n = 6) 1.7 ± 1.4 3.4 ± 1.2† 1.7 ± 1.6 1.7 ± 1.3 2.4 ± 1.2* 0.7 ± 1.7 0.001
Sports nutrition (n = 14) 3.2 ± 2.7 8.5 ± 2.4† 5.4 ± 3.0 3.1 ± 2.5 6.2 ± 2.5† 3.0 ± 2.8 < 0.001
Total (n = 109) 26.9 ± 14.1 63.9 ± 12.7† 37.0 ± 16.7 28.5 ± 14.6 48.1 ± 17.2† 19.6 ± 14.8 < 0.001

Values are expressed as mean ± standard deviation.
IE, intensive nutrition education; BE, basic nutrition education.
Significant within-group differences between pre- and post-tests as determined by paired t-test at: *p < 0.01, †p < 0.001.
‡Significant difference in changes between the IE group and BE group by Student's t-test.
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Conversely, phosphorus, sodium, iron, zinc, and selenium intakes all met the KDRI.  
The change in average intake of all minerals investigated in this study was significantly higher 
in the IE group than in the BE group (p ≤ 0.001).

Assessment of athlete self-management practices
Table 4 shows the athlete self-management practices of the IE and BE groups. The IE group 
exhibited a significant post-test improvement in mental readiness management and daily 
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Table 3. Differences in total energy and nutrient intake between the IE and BE groups pre- and post-test
Variables IE group (n = 65) BE group (n = 65) p value§

Pre-test Post-test Change Pre-test Post-test Change
Total energy (kcal) 2,184.8 ± 671.7 2,651.3 ± 593.1‡ 466.5 ± 478.8 2,199.6 ± 551.6 2,140.3 ± 546.1 −59.3 ± 796.3 < 0.001
Carbohydrate

Total carbohydrate (g) 297.6 ± 97.4 352.2 ± 80.5‡ 54.6 ± 73.6 296.2 ± 64.9 283.0 ± 73.6 −13.2 ± 97.9 < 0.001
Carbohydrate g/kg body weight 4.5 ± 1.6 5.4 ± 1.4‡ 0.8 ± 1.2 4.3 ± 1.3 4.1 ± 1.1 −0.2 ± 1.5 < 0.001
Carbohydrate percentage (%) 54.3 ± 4.8 53.3 ± 4.4 −0.9 ± 6.6 54.5 ± 4.8 53.0 ± 4.9 −1.5 ± 6.8 0.610

Protein
Total protein (g) 85.9 ± 24.5 106.0 ± 27.8‡ 20.0 ± 22.3 85.3 ± 24.2 88.3 ± 24.7 2.9 ± 35.2 0.001
Protein g/kg body weight 1.3 ± 0.4 1.6 ± 0.5* 0.3 ± 0.4 1.2 ± 0.4 1.3 ± 0.4 0.0 ± 0.5 < 0.001
Protein percentage (%) 15.9 ± 1.8 15.9 ± 1.7 0.0 ± 2.3 15.4 ± 1.4 16.5 ± 2.0‡ 1.1 ± 2.2 0.005

Fat
Total fat (g) 70.8 ± 24.2 88.3 ± 22.4‡ 17.5 ± 24.1 72.2 ± 24.7 68.6 ± 21.0 −3.6 ± 33.8 < 0.001
Fat percentage (%) 29.4 ± 4.4 29.1 ± 4.2 29.9 ± 3.3 28.7 ± 3.6 0.5 ± 5.3 −0.4 ± 5.6 0.325

Vitamin
Vitamin A (μg) 694.2 ± 326.1 538.7 ± 146.7‡ −155.5 ± 299.4 479.3 ± 137.0 411.3 ± 161.9* −68.0 ± 212.4 0.057
Vitamin D (μg) 4.3 ± 3.0 5.2 ± 3.8 0.8 ± 5.3 9.7 ± 4.4 3.7 ± 3.0‡ −6.0 ± 5.8 < 0.001
Vitamin E (mg) 18.2 ± 6.5 22.5 ± 7.4‡ 4.4 ± 8.0 21.8 ± 7.6 18.1 ± 6.5* −3.8 ± 9.2 < 0.001
Vitamin C (mg) 60.6 ± 27.6 64.8 ± 25.6 4.2 ± 31.4 52.0 ± 14.4 58.6 ± 32.6 6.6 ± 34.5 0.677
Thiamin (mg) 2.0 ± 0.8 2.6 ± 0.7‡ 0.6 ± 0.7 2.1 ± 0.6 2.0 ± 0.6 −0.1 ± 0.8 < 0.001
Riboflavin (mg) 1.7 ± 0.9 3.3 ± 3.1‡ 1.6 ± 3.3 1.7 ± 0.8 1.6 ± 1.2 0.0 ± 1.4 < 0.001
Niacin (mg) 14.7 ± 4.8 18.5 ± 5.6* 3.8 ± 4.9 15.7 ± 5.0 16.3 ± 5.1 0.5 ± 7.3 0.003
Folate (μg) 416.8 ± 142.8 548.7 ± 140.6‡ 131.9 ± 148.1 443.7 ± 130.4 402.3 ± 156.9 −41.4 ± 185.3 < 0.001
Vitamin B12 (μg) 7.1 ± 2.9 9.7 ± 4.5‡ 2.7 ± 5.3 7.2 ± 3.6 7.8 ± 3.8 0.6 ± 5.5 0.034

Mineral
Calcium (mg) 529.2 ± 183.3 666.3 ± 167.3‡ 137.1 ± 209.8 540.5 ± 202.3 487.6 ± 215.6 −52.8 ± 344.7 < 0.001
Phosphorus (mg) 1,246.0 ± 324.0 1,542.9 ± 372.6‡ 297.0 ± 326.0 1,290.3 ± 341.6 1,214.1 ± 343.4 −76.2 ± 504.4 < 0.001
Sodium (mg) 3,836.4 ± 1,131.5 5,317.0 ± 1,460.9‡ 1,480.6 ± 1,309.4 3,808.9 ± 1,012.8 3,768.8 ± 1,278.6 −40.1 ± 1,490.7 < 0.001
Potassium (mg) 2,597.4 ± 727.8 3,420.7 ± 812.3‡ 823.2 ± 804.2 2,637.6 ± 733.8 2,492.1 ± 832.8 −145.6 ± 1,073.8 < 0.001
Magnesium (mg) 112.2 ± 39.1 154.3 ± 51.4‡ 42.1 ± 54.1 117.3 ± 44.7 94.2 ± 44.5† −23.1 ± 58.2 < 0.001
Iron (mg) 19.1 ± 15.0 35.8 ± 42.0‡ 16.7 ± 34.0 17.4 ± 7.2 16.0 ± 6.7 −1.3 ± 9.7 < 0.001
Zinc (mg) 12.0 ± 3.8 14.0 ± 3.5‡ 2.0 ± 3.2 14.0 ± 5.3 11.6 ± 3.7 −2.4 ± 6.7 < 0.001
Copper (mg) 753.4 ± 446.6 1,183.1 ± 1,166.4‡ 429.6 ± 924.4 719.2 ± 268.1 694.7 ± 581.3 −24.5 ± 628.5 0.001

Values are expressed as mean ± standard deviation.
IE, intensive nutrition education; BE, basic nutrition education.
Significant within-group differences between pre- and post-tests as determined by paired t-test at: *p < 0.05, †p < 0.01, ‡p < 0.001.
§Significant difference in changes between the IE group and BE group by Student's t-test.

Table 4. Athlete self-management practices between the IE and BE groups at the pre- and post-tests
Variables IE group (n = 65) BE group (n = 65) p value†

Baseline 12 weeks Change Baseline 12 weeks Change
Mental readiness management 4.1 ± 0.7 4.3 ± 0.6* 0.2 ± 0.6 3.9 ± 0.8 4.0 ± 0.6 0.1 ± 0.9 0.357
Daily living management 4.1 ± 0.5 4.2 ± 0.6* 0.1 ± 0.5 3.8 ± 0.8 3.9 ± 0.6 0.1 ± 0.8 0.570
Personal routine management 3.5 ± 0.7 3.6 ± 0.7* 0.2 ± 0.6 3.2 ± 0.9 3.2 ± 0.7 0.0 ± 0.7 0.405
Training management 4.0 ± 0.6 4.1 ± 0.6* 0.1 ± 0.5 3.7 ± 0.8 3.7 ± 0.6 0.1 ± 0.7 0.491
Interpersonal relationship management 4.3 ± 0.7 4.5 ± 0.6 0.2 ± 0.7 4.1 ± 0.8 4.1 ± 0.7 0.0 ± 0.9 0.280
Physical conditioning management 3.8 ± 0.6 4.0 ± 0.6* 0.2 ± 0.5 3.6 ± 0.8 3.6 ± 0.6 0.0 ± 0.8 0.159

Values are expressed as mean ± standard deviation.
IE, intensive nutrition education; BE, basic nutrition education.
Significant within-group differences between pre- and post-tests as determined by paired t test at: *p < 0.05.
†Significant difference in changes between the IE group and the BE group by Student's t-test.
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living, personal routine, training, and physical conditioning management (p < 0.05), while 
the BE group showed no significant changes. Nonetheless, there was no significant difference 
in change between the groups.

DISCUSSION

Compared with those in the control group, the nutritional knowledge and total energy and 
nutrient intake of athletes who participated in the 12-week intensive nutrition intervention in 
the 5A’s behavioral change model increased. This IE program was developed and applied to 
improve adolescent athletes' nutritional knowledge and nutrient intake.

At the pre-test, both the IE and BE groups exhibited low nutritional knowledge. Both groups 
had significantly improved nutritional knowledge at post-test, but the improvement was 
significantly higher in the IE group. Previous studies have shown that the nutritional 
knowledge of athletes and coaches is inadequate [5,19]. Similar to prior studies, the results of 
this study revealed that nutrition education significantly improved the nutrition knowledge 
of athletes [17,20]. Nutritional knowledge and the eating habits of athletes are related, and 
the frequency of nutrition education can affect nutritional knowledge [5]. In this study, 
nutritional knowledge at pre-test was low, with correct answers given to fewer than one-
third of the questions in both groups. Even in the BE group, only four sessions of nutrition 
education, without nutrition counseling, increased nutrition knowledge, which is evidence 
that nutrition education is necessary for athletes.

At post-test, the IE group reported improved intake of energy and macronutrients, but the 
BE group did not. Adolescent athletes need enough energy to meet both their individual 
growth and development needs and the demands of their general physical activity, training, 
and competitions [2]. At pre-test, despite the considerable amount of regular exercise 
time, both groups had significantly lower daily energy intake than indicated by the sports 
nutrition recommendation (SNR) [21] and the KDRI [22]. A systematic review reported that 
adolescent athletes frequently consume insufficient energy, despite recommendations [2]. 
This low intake can cause health issues such as delayed puberty, weakened bones, irregular 
menstruation, eating disorders, stunted growth, and increased injury risk [23]. Adequate 
intake of macronutrients such as carbohydrates, proteins, and fats is known to aid in the 
generation of both fat free mass (FFM) and fat mass (FM), which in turn affects the increase 
in basal metabolic rate [24]. Furthermore, FFM has approximately five times more influence 
than FM [24]. Moreover, the intake of carbohydrates and proteins has a greater thermogenic 
effects compared to fat, which plays a crucial role in the strength and endurance performance 
of athletes [25]. Although athletic performance was not directly evaluated in this study, 
previous research strongly suggests that the improvements in energy and macronutrient 
intake observed in the IE group likely contributed to better athletic performance.

At post-test, the IE group consumed energy at the level of the KDRI, but the BE group 
showed little change from pre-test. Both groups maintained sufficient protein intake 
throughout. Inadequate energy intake can use protein as an energy substrate, and total 
energy intake must be considered when assessing protein requirements [26]. Both groups 
needed to increase their total energy intake beyond the increased energy requirements. 
The carbohydrate intake guide for training and competition suggests that athletes training 
in a high-intensity exercise program for 1–4 hours a day should consume 30–60 g of 
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carbohydrates per kg/day [27]. In this study, although carbohydrate intake was significantly 
elevated in the IE group at post-test, both groups still had substantially lower carbohydrate 
intake than the SNR. Previous studies have frequently examined the lack of carbohydrate 
intake among adolescent athletes [27,28]. As carbohydrates provide important fuel for 
exercise and brain function, carbohydrate replenishment between high-intensity workouts is 
important [2]. Therefore, the importance of carbohydrate intake needs to be emphasized for 
adolescent athletes.

The dietary fat intake recommendations for adolescent athletes are generally determined by 
public health guidelines, which suggest fat intake within 30% of the total energy intake [2]. 
Both at pre- and post-tests, both groups consumed approximately 30% of their daily energy 
intake from fats, a reasonable level.

At the post-test, the average daily intake of vitamins and minerals in the IE group 
significantly improved, except for vitamin A, but the intake in the BE group did not improve. 
Compared with the KDRI, both groups reported insufficient calcium, vitamin D, vitamin 
C, vitamin A, and magnesium intake at both the pre- and post-tests. Common food sources 
of these nutrients include vegetables such as leafy greens and mushrooms, as well as 
fish [29,30]. The primary cause of nutrient deficiencies among modern athletes are their 
low preference for vegetables and fish [31]. Additionally, the deficiency is exacerbated by 
the difficulty of maintaining a balanced diet due to busy schedules filled with training, 
competitions, and academic responsibilities, which often leads to reliance on fast food and 
snacks [32]. Therefore, it is essential to identify effective nutritional management strategies 
that support a balanced diet, including nutrition planning, guidance from nutritionists, 
and meals provided in cafeterias, while accommodating demanding schedules [32]. 
Furthermore, with the exception of vitamin A, the intake of most nutrients tends to increase 
following nutritional counseling. Sustaining such counseling over the long term is expected 
to positively influence the nutrient intake of adolescent athletes. In particular, iron and 
calcium deficiencies are often mentioned as common problems for adolescent athletes [21]. 
According to the pre- and post-tests of this study, both groups reported consuming adequate 
iron, the micronutrient most likely to be deficient in athletes in previous studies [2,21]. 
The subjects in this study might have had enough iron intake because they ate at the school 
cafeteria, and the dietitians there took care to provide protein- and iron-rich diets full of 
meat, eggs, fish, and legumes. Calcium and vitamin D are essential to an adolescent athlete's 
bone health, but their intake of calcium and vitamin D has often been reported to be low. 
Coaches and nutrition specialists should regularly monitor athletes' calcium and vitamin D 
intake to support bone health and exercise performance [2].

This study is the first intervention study with adolescent athletes to use the 5A's counseling 
model, a new tool used by healthcare providers to induce behavioral changes in overweight 
and obese people [33]. This model has gained trust for counseling behavior changes such 
as smoking cessation, dietary changes, alcohol reduction, and weight control [34]. Athletes 
often pursue weight loss to enhance the strength-to-mass ratio, locomotive efficiency, or 
aesthetic appearance, favoring reduced body fat while preserving lean mass [35]. Despite 
the necessity for adequate diets to maintain health and optimize growth and performance, 
many adolescent athletes follow fad diets instead of SNR. This study applied the 5A's model 
to encourage behavioral changes in adolescent athletes' nutritional intake, replacing each 
'A' with cooperative, person-centered behavior (e.g., goal setting), aligning with patient-
centered care principles [36]. In the "assess" phase, items that directly or indirectly affect 
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athletic performance were measured, and trends were observed. The ‘advise’ phase provided 
specific, personalized advice about the assessment. In terms of nutrition, the ‘agree’ phase was 
used to collaboratively select goals based on the athlete’s interest and motivation to change. 
This collaboration is at the heart of the model and helped to drive the athlete’s actual behavioral 
changes in this study. For athletes who lacked nutrition knowledge, ‘10 healthy eating plan 
samples’ for athletic performance improvement helped them set their own goals. The ‘assist’ 
phase provided a concrete way to practice the personal action plan. The ‘arrange’ phase 
provided continual follow-ups to allow the athletes to maintain and improve their behavior.

This study has notable strengths. First, this study is the first to apply the 5A's behavior change 
model to athlete nutrition counseling, potentially laying the groundwork for future behavioral 
studies in athletes, including dietary habits. Second, it highlights the benefits of combining 
individual nutritional counseling with education, an area underexplored in sports nutrition. 
Research on the effects of diet manipulation and nutritional intervention among adolescent 
athletes is scarce because of ethical considerations and potential adverse effects on the growth 
and maturation of adolescent participants [21]. However, this study also has several limitations, 
including potential bias toward compliance among participants receiving both education 
and counseling, and the study's sample was limited to one physical education high school, 
possibly not fully representing all Korean adolescent athletes. Moreover, although the study 
did not consider the nutritional differences between male and female athletes, there were no 
significant gender differences between the groups, which supports a general assessment of 
the nutritional requirements of adolescent athletes. Therefore, future research should focus on 
exploring the specific nutritional needs of athletes, taking into consideration factors such as 
gender and age, to provide a more comprehensive understanding of their requirements.

Currently, nutrition education for children and adolescents is primarily school-based, with 
interventions generally providing educational materials such as posters, pamphlets, and 
videos, or sporadic nutrition education sessions led by nutritionists in each class [37-40]. 
However, providing nutrition knowledge alone seldom leads to sustained behavior change, 
these nutrition education models primarily emphasize information sharing which results 
in diminished motivation among students and poses significant limitations to their active 
engagement and behavioral change [41,42]. In contrast, our nutritional intervention employs 
the 5A's model, developed for physician-led counseling aimed at promoting behavioral 
changes in patients for weight management [16]. Unlike Typically school-based education, 
our intervention focused on personalized, multidimensional nutritional education through 
periodic telephone and in-person counseling sessions with clinical dietitians. This approach 
is an effective method for providing deeper knowledge about nutrition and promoting dietary 
behavior change beyond simple information dissemination [17,43]. Additionally, providing 
personalized, regular nutrition feedback, it plays a more effective role in improving overall 
nutritional status and nutrient intake [44]. These characteristics are expected to apply to 
athletes from various sports disciplines and may also expect positive outcomes for non-
athlete children and adolescents.

CONCLUSION

The intensive nutritional intervention for Korean adolescent athletes improved their 
nutrition knowledge and nutrient intake compared to those who only received group 
education. If this intensive nutrition intervention protocol is applied to athletes in different 
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fields, it could detect early nutritional issues among adolescents, reduce stress, improve 
quality of life, and enhance athletic performance.
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