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Objectives: We aimed to examine health-related nutritional knowledge and dietary behavior related to
caffeine intake among high school students (n = 310) in the Yongin region of Korea.
Methods: Data were collected using a face-to-face survey, and analyzed using chi-square test, t- test, and
logistic regression analysis.
Results: The level of caffeine intake in respondents was divided into low (< 30 mg/d; n = 208) and
high caffeine intake groups (> 30 mg/d; n = 102). Total nutritional knowledge related to bone disease
was higher in the low intake group (score 2.75) than the high intake group (score 2.39; p < 0.05). The
high intake group had lower scores for nutritional knowledge (score 0.70; p < 0.05) related to how
caffeinated beverages affect sleep and for dietary behavior (score 3.25; p < 0.001), based on “I avoid
caffeinated foods before sleep,” than the low intake group (nutritional knowledge score, 0.80; dietary
behavior score, 3.76).
Conclusion: In the overall analysis, the low caffeine intake group had better nutritional knowledge
related to bone and sleep health, and healthier dietary behavior related to sleep health compared with
the high intake group.
©2018 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BYNC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

cardiovascular effects, increased incidence of cancer, or effects
on bone status [3,4]. However, most of this information has been

Caffeine (1,3,7-trimethylxanthine) is probably the most

based on adult populations. Little is known about the adverse

frequently consumed psychoactive substance in the world,

effects of caffeine consumption among adolescents [5]. The

that is legally acceptable for consumption by adolescents [1].

amount of caffeine required to produce adverse effects varies

It is found in coffee beans (Coffea Arabica and Coffea robusta),

from person to person, depending on gender, age, weight, and

kola nuts (Cola acuminata), tea leaves (Camellia sinensis), cocoa

differences in susceptibility [6]. Therefore, there is a debate over

beans (Theobroma cacao), and other plants [2].

whether caffeine consumption is beneficial or deleterious to

Caffeine has been shown to be associated with both beneficial

human health [7].

and harmful health effects. Scientific and epidemiological

There is growing concern about the increased consumption

evidence have shown that amongst the healthy adult population,

of caffeinated foods and drinks, including coffee, energy

moderate caffeine consumption (400 mg) per day is not

drinks, tea, and chocolate products, particularly among

associated with adverse health effects such as general toxicity,

adolescents [8,9]. The principle sources of caffeine intake
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among adolescents are sweetened coffee and energy drinks,

study. Participants included a total 310 adolescents: 171 (55.2%)

amounting to a daily caffeine intake below the current

boys and 139 (44.8%) girls. The data were collected using face-

suggested maximum acceptable levels for adolescents

to-face interviews and participants also completed a self-

(2.5 mg/kg body weight/d or 10 0-175 mg/d with body

report survey questionnaire. This survey comprised 4 sections,

weight 40-70 kg) [10]. However, excessive caffeine intake by

including questions on demographics, caffeine intake level,

adolescents has been associated with a number of detrimental

nutritional knowledge, and dietary behavior.

health effects, such as nervousness, irritability, nausea,
cardiovascular symptoms, sleep impairment, osteoporosis, and
gastric ulcers [5,11]. Excessive use of energy drinks has been
linked to deaths in the United States and Canada [12,13]. The
level of caffeine intake varies depending on the predominant
types of beverages consumed and the specific population
groups [14]. Nawrot et al [15] reported that caffeine intake
was related to various human health effects such as acute
toxicity, cardiovascular disease, poor dietary behavior, bone
density and calcium deficiency, and developmental and
reproductive problems. Dietary habits, including caffeine
intake, are established in childhood and tend to continue
into adulthood. The risk of many noncommunicable diseases
is very closely connected to dietary habits [16]. However,
adequate knowledge and understanding of nutritional
intake and dietary recommendations can help adolescents
to achieve a healthy status [17]. Grosso et al [18] observed
that improving nutritional knowledge in children and young
adolescents may lead them to adopt healthier dietary habits.
Caffeine consumption is a dietary habit that has physiological,
behavioral, and subjective effects. Despite its widespread
consumption, few studies have described the impact of caffeine
on health in children and adolescents.
In this study, we hypothesized that higher caffeine intake is
associated with limited nutritional knowledge and unhealthy
dietary behavior among Korean high school students. The
purpose of this study was: (i) to investigate daily caffeine
intake among high school students, (ii) to determine healthrelated nutritional knowledge and dietary behavior related to
caffeine intake, and (iii) to identify the factors associated with
caffeine intake.

2. Caffeine intake level

Daily mean caffeine intake was classified according to 8
general categories: coffee (e.g., liquid coffee, instant coffee
mix, and Americano-style coffee from a coffee shop), teas
(e.g., green tea and black tea), carbonated soft drinks (e.g.,
Coca-Cola, Pepsi, and Mountain Dew), energy drinks (Hot
Six and Red Bull), processed milk (e.g., coffee-flavored milk,
chocolate milk), chocolate (e.g., milk chocolate), sweets (e.g.,
chocolate chip cookie and chocolate candy bar), and ice creams
containing chocolate and green tea. A few other beverages
containing caffeine, including fruit juices, flavored water, and
sports drinks, were included in the energy drink category
because the number of identified consumers was too low
to justify a separate category [3]. The 8 major categories of
caffeinated foods consumed by adolescents were generated
using the caffeine database of the Korea Food and Drug
Administration (KFDA) [19,20]. To determine daily mean
caffeine intake, participants were asked how many of these
foods or beverages they consumed on an average day or week,
regardless of weekdays and weekends. These caffeinated foods
or beverages were evaluated using standard serving sizes and
average caffeine values were obtained using data of the KFDA
[19,20] as most food and nutrient databases have limited brand
specificity, particularly for coffee and tea. Therefore, daily
mean caffeine intake was calculated using the average caffeine
content from the KFDA databases [19,20], in mg/d.
3. Nutritional knowledge

To determine the relationship between caffeine intake level
and nutritional knowledge, the questionnaire used for this
study was developed by revising and adding to those used

Materials and Methods
1. Research design and participants

in previous studies [16-18,21-23]. The present questionnaire
consisted of 24 questions, including 5 categories addressing
caffeine intake, as follows: general information, 8 questions;
bone disease, 4 questions; cardiovascular disease, 4 questions;

This cross-sectional, analytical study was designed to explore

sleep disorders, 4 questions; and stomach disorders, 4

the relationship between nutritional knowledge, dietary

questions. Nutritional knowledge was assessed according to

behavior, and health according to caffeine intake level among

the 5 categories and the results were scored (a correct answer

high school students in the Yongin region of Gyeonggi Province,

received 1 point and an incorrect answer received 0 points)

Korea. This study was approved by the Institutional Review

before the analysis. The level of total nutritional knowledge,

Board of Jeonju University (jjIRB-160816-HR-2016-0807).

according to points scored, was divided into groups with low

If students were willing to participate in the study, we briefly
explained the study design and purpose prior to the start of the

(score < 14 points), medium (score 15-19 points), and high
(score > 19 points) levels.
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4. Dietary behavior

intake level were expressed as frequencies and percentages.

To determine the relationship between caffeine intake level
and dietary behavior, the questionnaire used for this study
was developed by revising and adding to those of previous
studies [16-18,22,23]. The present questionnaire consisted of
22 questions, including 5 categories addressing caffeine intake,
as follows: general information, 6 questions; bone disease, 4
questions; cardiovascular disease, 4 questions; sleep disorders,
4 questions; and stomach disorders, 4 questions. Dietary

A chi-square test was performed to compare the described
variables. The differences in nutritional knowledge and dietary
behavior related to diseases and disorders caused by caffeine
intake were expressed as mean ± SD and examined using an
independent t-test. Logistic regression analysis was also used
to examine the factors that affect caffeine intake. The level of
significance was set at p < 0.05. All data were analyzed using
IBM SPSS version 21.0 (IBM Corp., Armonk, NY, USA).

behavior was assessed using a 5-point scale (strongly disagree,
1 point; disagree, 2 points; neutral, 3 points; agree, 4 points;
completely agree, 5 points) before analyzing the scores. The
level of total dietary behavior, according to points scored, was
divided into 3 groups: low (score < 66 points), medium (score
66-88 points), and high (score > 88 points) levels.

Results
1. Demographic characteristics and caffeine intake levels

The demographic characteristics of participants by caffeine
intake level are presented in Table 1. Participants were divided
into a low caffeine intake group (< 30 mg/d; n = 208) and a

5. Demographic characteristics

Using the survey, we collected demographic data of
respondents including gender, grade level, height, and body
weight, used to calculate body mass index (BMI).

high caffeine intake group (> 30 mg/d; n = 102). There were
97 male (46.6%) and 111 female (53.4%) respondents in the
low intake group. The high intake group comprised of 74 male
(72.5%) and 28 female (27.5%) participants (p < 0.001). There
were no significant differences in the number of low and high

6. Statistical analysis

caffeine intake participants according to school grade year or

Daily caffeine intake values were computed using the

BMI (p > 0.05).

caffeinated foods survey data, to calculate the caffeine intake
per respondent per day. Classification by caffeine intake level

2. Nutritional knowledge and dietary behavior

(into a group with low caffeine intake group or another group
with high caffeine intake) was based on each adolescent’s
average caffeine intake, according to the KFDA (age 14-19 years,
approximately 30 mg/d) [19,20]. Demographics by caffeine

General nutritional knowledge and dietary behavior by
caffeine intake level are presented in Table 2. Total general
nutritional knowledge scores were higher in the low caffeine

Table 1. Demographic characteristics of respondents, by caffeine intake level.
Variables

Low intake
(n = 208)

High intake
(n = 102)

Total
(n = 310)

Gender
Male

97 (46.6)

74 (72.5)

171 (55.2)

Female

111 (53.4)

28 (27.5)

139 (44.8)

Grade (y)
First

75 (36.1)

24 (23.5)

99 (31.9)

Second

70 (33.7)

36 (35.3)

106 (34.2)

Third

63 (30.3)

42 (41.2)

105 (33.9)

BMI (kg/m2)
Underweight (< 18.5)

54 (26.0)

24 (23.5)

78 (25.2)

Normal (18.5-22.99)

119 (57.2)

63 (61.8)

182 (58.7)

Overweight (23-25)

18 (8.7)

8 (7.8)

26 (8.4)

Obese (> 25)

17 (8.2)

7 (6.9)

24 (7.7)

Data are presented as n (%).
p-values are calculated by chi-square test.

χ²

p

18.582

< 0.001

5.813

0.055

0.608

0.895
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intake group (score 6.45) than the high intake group (score

sources of vitamins and minerals,” respectively (p < 0.05),

6.00), but with no significant difference (p > 0.05). However,

compared with the high caffeine intake group (both scores 0.75).

participants in the low caffeine intake group had higher

The bone disease-related total nutritional knowledge score

scores (0.87 and 0.85) for the items “Instant foods are healthy”

was higher in the low caffeine intake group (score 2.75) than in

(p < 0.05) and “Hamburgers, pizza, and chicken are excellent

the high intake group (score 2.39; p < 0.05), as shown in Table 3.

Table 2. General nutritional knowledge and dietary behavior, by caffeine intake level.
Low intake
(n = 208)

High intake
(n = 102)

t

p

6.45 ± 2.20*

6.00 ± 3.25

1.270

0.206

1. Carbohydrates and lipids have the same energy.

0.69 ± 0.46

0.61 ± 0.66

1.090

0.277

2. Protein is a nutrient that forms muscle and blood.

0.70 ± 0.46

0.74 ± 0.63

-0.606

0.545

3. Fresh vegetables and fruits are good vitamin sources.

0.88 ± 0.32

0.86 ± 0.56

0.364

0.716

4. Eating sufficient lunch and dinner can compensate for skipping breakfast.

0.81 ± 0.40

0.79 ± 0.60

0.207

0.836

5. High-calorie foods have high nutrition density.

0.87 ± 0.34

0.78 ± 0.61

1.331

0.185

6. Instant foods are healthy.

0.87 ± 0.34

0.75 ± 0.44

2.540

0.012

7. Hamburgers, pizza, and chicken are excellent sources of vitamins and minerals.

0.85 ± 0.36

0.75 ± 0.44

2.120

0.035

8. No matter how many sugar-free beverages I drink, I won’t gain weight.

0.78 ± 0.41

0.73 ± 0.45

1.101

0.272

Variables
Nutritional knowledge

Dietary behavior

21.11 ± 4.18

21.04 ± 4.71

0.135

0.892

1. I eat three meals every day.

3.93 ± 1.21

3.67 ± 1.33

1.705

0.090

2. I regularly eat three meals every day.

3.70 ± 1.03

3.58 ± 1.08

0.978

0.329

3. I never overeat.

3.32 ± 0.94

3.45 ± 0.98

-1.159

0.247

4. I always eat slowly.

3.25 ± 0.99

3.27 ± 1.04

-0.163

0.871

5. I eat a balanced diet every day

3.37 ± 0.94

3.50 ± 1.06

-1.140

0.255

6. I eat enough vegetables and fruits every day.

3.54 ± 0.98

3.57 ± 1.08

-0.247

0.805

†

Data are presented as mean ± SD.
p-values are calculated by independent t test.
* Values are calculated as follows: correct, 1 point; incorrect, 0 points.
†
Values are calculated as follows: strongly disagree, 1 point; disagree, 2 points; neutral, 3 points; agree, 4 points; completely agree, 5 points.
Table 3. Bone disease-related nutritional knowledge and dietary behavior, by caffeine intake level.
Low intake
(n = 208)

High intake
(n = 102)

t

p

2.75 ± 1.26*

2.39 ± 1.33

2.275

0.024

1. Vitamin D helps with absorption of calcium.

0.64 ± 0.48

0.53 ± 0.50

1.921

0.056

2. Generally, calcium-rich foods are high in cholesterol.

0.55 ± 0.50

0.57 ± 0.50

-0.341

0.733

3. Carbonated beverages are harmful to bone health.

0.84 ± 0.37

0.67 ± 0.47

3.275

0.001

Variables
Nutritional knowledge

4. Milk and dairy products are rich in calcium, to prevent osteoporosis.

0.71 ± 0.45

0.63 ± 0.49

1.462

0.145

12.56 ± 3.16 †

12.70 ± 3.53

-0.348

0.728

1. I eat milk and dairy products every day.

3.13 ± 1.13

3.37 ± 1.23

-1.761

0.079

2. I frequently eat anchovies and dried white fish.

2.78 ± 1.21

2.88 ± 1.14

-0.723

0.470

3. I frequently eat soy products (tofu and so on).

3.27 ± 1.12

3.23 ± 1.16

0.320

0.749

4. I frequently eat seaweed (laver, sea mustard, and so on).

3.39 ± 0.98

3.22 ± 1.17

1.256

0.211

Dietary behavior

Data are presented as mean ± SD.
p-values are calculated by independent t test.
* Values are calculated as follows: correct, 1 point; incorrect, 0 points.
†
Values are calculated as follows: strongly-disagree, 1 point; disagree, 2 points; neutral, 3 points; agree, 4 points; completely agree, 5 points.
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In particular, the low caffeine intake group had higher scores

had higher scores (0.80) than the high intake group (score

(0.84) for the item “Carbonated beverages are harmful to bone

0.68; p < 0.05). With respect to cardiovascular disease-related

health” compared with the high intake group (score 0.67;

nutritional knowledge, both groups had extremely low scores

p < 0.01). Bone disease-related dietary behavior showed the

(low intake group, score 0.02; high intake group, score 0.07)

lowest value for the item “I frequently eat anchovies and dried

for the item “Obese people are susceptible to hypertension and

white fish,” regardless of caffeine intake level (low intake

cardiovascular disease.” Among dietary behavior related to

group, score 2.78; high intake group, score 2.88).

cardiovascular disease, the item “I eat foods that are as bland

Total nutritional knowledge and dietary behavior related
to cardiovascular disease showed no significant differences

as possible” had the lowest scores in both groups (low caffeine
intake group, 2.82; high caffeine intake group, 2.77).

between the 2 groups (p > 0.05; Table 4). However, for the

The results of sleep disorder-related nutritional knowledge

nutritional knowledge item “Dietary fiber and low-salt foods

and dietary behavior by caffeine intake level are presented in

are good for hypertension,” the low caffeine intake group

Table 5. Nutritional knowledge related to sleep disorders for

Table 4. Cardiovascular disease-related nutritional knowledge and dietary behavior, by caffeine intake level.
Variables
Nutritional knowledge

Low intake
(n = 208)

High intake
(n = 102)

t

p

2.45 ± 0.95*

2.27 ± 1.39

1.160

0.248

1. Obese people are susceptible to hypertension and cardiovascular disease.

0.02 ± 0.15

0.07 ± 0.25

-1.632

0.105

2. Salty foods can cause hypertension.

0.83 ± 0.38

0.75 ± 0.43

1.534

0.127

3. Breads and sweets do not contain any sodium.

0.80 ± 0.40

0.70 ± 0.46

1.903

0.059

4. Dietary fiber and low-salt foods are good for hypertension.

0.80 ± 0.40

0.68 ± 0.47

2.241

0.026

Dietary behavior

12.31 ± 3.13

1.046

0.296

1. I eat foods that are as bland as possible.

12.68 ± 2.80
2.82 ± 1.00

2.77 ± 1.04

0.164

0.726

2. I avoid salted fish and pickled vegetables

3.37 ± 1.01

3.18 ± 0.98

1.565

0.119

3. I eat only the solid ingredients of soups.

3.13 ± 1.08

3.11 ± 1.06

0.169

0.866

4. I avoid adding salt or soy sauce at every meal.

3.37 ± 1.06

3.25 ± 1.01

0.911

0.363

†

Data are presented as mean ± SD.
p-values are calculated by independent t test.
* Values are calculated as follows: correct, 1 point; incorrect, 0 points.
†
Values are calculated as follows: strongly-disagree, 1 point; disagree, 2 points; neutral, 3 points; agree, 4 points; completely agree, 5 points.
Table 5. Sleep disorder-related nutritional knowledge and dietary behavior, by caffeine intake level.
Variables
Nutritional knowledge

Low intake
(n = 208)

High intake
(n = 102)

t

p

1.97 ± 1.19*

1.92 ± 1.52

0.261

0.794

1. Tryptophan is a raw material in serotonin that is good for deep sleep.

0.25 ± 0.44

0.35 ± 0.59

-1.489

0.138

2. Obesity disturbs deep sleep.

0.59 ± 0.49

0.58 ± 0.60

0.126

0.900

3. Caffeinated foods (coffee, Coke, and so on.) prevent deep sleep.

0.80 ± 0.40

0.70 ± 0.46

1.997

0.047

4. Magnesium-rich foods help physical and mental stability.

0.32 ± 0.47

0.29 ± 0.46

0.498

0.619

Dietary behavior

12.58 ± 2.96

1.574

0.117

1. I frequently eat shiitake mushrooms, eggs, and salmon.

13.11 ± 2.68
3.32 ± 0.97

3.37 ± 1.01

-0.464

0.643

2. I eat whole-grain rice instead of white rice.

3.07 ± 1.15

3.06 ± 1.17

0.061

0.952

3. I frequently eat nuts (almonds, walnuts, and so on).

2.96 ± 1.03

2.89 ± 1.08

0.548

0.584

4. I avoid caffeinated foods before sleep.

3.76 ± 1.19

3.25 ± 1.07

3.622

<0.001

†

Data are presented as mean ± SD.
p-values are calculated by independent t test.
* Values are calculated as follows: correct, 1 point; incorrect, 0 points.
†
Values are calculated as follows: strongly-disagree, 1 point; disagree, 2 points; neutral, 3 points; agree, 4 points; completely agree, 5 points.
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Table 6. Stomach disorder-related nutritional knowledge and dietary behavior, by caffeine intake level.
Low intake
(n = 208)

Variables
Nutritional knowledge

High intake
(n = 102)

t

p

2.07 ± 1.41*

1.89 ± 1.36

1.039

0.300

1. A high fat diet can cause stomach disorders.

0.61 ± 0.49

0.57 ± 0.50

0.624

0.533

2. Vitamin A is essential for cell reproduction in the stomach.

0.41 ± 0.49

0.41 ± 0.49

-0.052

0.958

3. Carbonated beverages (Coke, cider, and so on) help digestion.

0.51 ± 0.50

0.40 ± 0.49

1.878

0.062

4. Highly caffeinated beverages can cause hyperacidity.

0.54 ± 0.50

0.51 ± 0.50

0.474

0.636

10.93 ± 2.60 †

11.17 ± 2.60

-0.760

0.448

1. I avoid pungent and spicy foods.

2.74 ± 1.11

2.77 ± 1.08

-0.292

0.770

2. I avoid hot-temperature foods.

2.84 ± 0.95

3.23 ± 0.95

-3.373

0.001

3. I avoid oily and fried foods.

2.55 ± 1.00

2.59 ± 0.93

-0.299

0.765

4. I avoid drinking water during meals.

2.80 ± 1.28

2.58 ± 1.07

1.629

0.105

Dietary behavior

Data are presented as mean ± SD.
p-values are calculated by independent t test.
* Values are calculated as follows: correct, 1 point; incorrect, 0 points.
†
Values are calculated as follows: strongly-disagree, 1 point; disagree, 2 points; neutral, 3 points; agree, 4 points; completely agree, 5 points.

the item “Caffeinated foods (coffee, Coke, and so on) prevent

caffeine intake showed no significant differences at the 0.05

deep sleep” was higher in the low caffeine intake group

level.

(score 0.80) compared with the high intake group (score 0.70;
p < 0.05). Regarding dietary behavior related to sleep disorders,
the item “I avoid caffeinated foods before sleep” was also
higher in the low caffeine intake group (score 3.76) than in the
high intake group (score 3.25; p < 0.001).
Stomach disorder-related nutritional knowledge and dietary
behavior by caffeine intake level are presented in Table 6.
Total nutritional knowledge showed no significant differences
between the low (score 2.07) and high caffeine intake
(score 1.89) groups. The item “Vitamin A is essential for cell
reproduction in the stomach” had the lowest scores (all 0.41) in
both groups. Among stomach disorder-related dietary behavior,
the item “I avoid hot-temperature foods” was higher in the
high intake group (score 3.23) than in the low intake group
(score 2.84; p < 0.01).
3. Factors associated with caffeine intake

Discussion
Over the past decade, adolescents have become the fastestgrowing population of caffeine users [9]. Recent studies
have revealed that 83.2% of adolescents regularly consume
caffeinated beverages and at least 96% consume them
occasionally [10,23]. The scientific literature has focused on
finding the association between nutritional knowledge and
food consumption [24]. Some researchers have observed that
high nutritional knowledge had a positive impact on nutritional
behavior and food consumption, including consumption of fruit
and vegetables in adolescents. Studies have demonstrated that
dietary behavior is correlated with the degree of nutritional
knowledge [25]. In the present study, general nutritional
knowledge scores related to prepared foods and health (“Instant

Logistic regression analysis was performed to examine the

foods are healthy” and “Hamburgers, pizza, and chicken are

association of the general respondent characteristics and their

excellent sources of vitamins and minerals”) were higher

health-related nutritional knowledge and dietary behavior

among participants with low caffeine intake (scores 0.87 and

on caffeine intake level (Table 7). With the significance level

0.85, respectively) than those with high intakes of caffeine (both

at 0.001, respondent’s gender was associated with caffeine

scores 0.75; p < 0.05). However, for general dietary behavior,

intake. This study found that male participants had a 3.024

there were no significant differences between the low and high

times greater caffeine intake than female participants. With

intake groups for all items.

the significance level at 0.05, first-year high school students

Some researchers have suggested the reductionist approach

consumed 0.480 times less caffeine than third-year students.

to be a form of simplification, to facilitate the understanding

Association of nutritional knowledge and dietary behavior on

of complex diet-disease relationships [26]. Potential risks
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Table 7. Association of caffeine intake, general characteristics, nutritional knowledge, and dietary behavior.

Variables

Model*

Crude
OR (95% CI)

p

OR (95% CI)

p

3.024 (1.810-5.052)

< 0.001

-

-

Gender
Male
Female

1

Grade (y)
First

0.480 (0.263-0.877)

0.017

-

-

Second

0.771 (0.440-1.351)

0.364

-

-

Third

1

BMI (kg/m2)
Underweight (< 18.5)

1.079 (0.396-2.943)

0.881

-

-

Normal (18.5−22.99)

1.286 (0.506-3.264)

0.597

-

-

Overweight (23-25)

1.079 (0.321-3.626)

0.902

-

-

Obese (> 25)

1

Nutrition knowledge score
Low (< 14 points)

1.622 (0.917-2.870)

0.097

1.608 (0.885-2.924)

0.119

Medium (15-19 points)

0.839 (0.453-1.552)

0.575

0.969 (0.510-1.841)

0.924

High (> 19 points)

1

1

Dietary behavior score
Low (< 66 points)

0.746 (0.233-2.384)

0.621

0.587 (0.170-2.036)

0.402

Medium (66-88 points)

0.475 (0.153-1.475)

0.198

0.440 (0.132-1.464)

0.181

High (> 88 points)

1

1

Total scores for nutrition knowledge and dietary behavior were divided into low, medium, and high groups, including scores for general
information, bone disease, cardiovascular disease, sleep disorders, and stomach disorders according to caffeine intake level. p-values calculated by
logistic regression analysis.
*Adjusted model for gender and grade in nutritional knowledge and dietary behavior scores.
OR = odds ratio; CI = confidence interval.

with long-term caffeine overuse include sleep disturbance,

demonstrated that higher caffeine consumption was associated

hypertension, osteoporosis, physiological dependence, and

with modestly increased vascular resistance during rest, stress,

exacerbation of underlying psychiatric diseases [5,11,27]. Even

and recovery from stress. In particular, high caffeine consumers

with moderate caffeine consumption, adverse effects such

had significantly increased total peripheral resistance

as anxiety, tremor, restlessness, insomnia, gastrointestinal

compared to low caffeine consumers. Persistently increased

discomfort, decreased attentiveness, and psychosis can occur

vascular resistance generally induces elevated blood pressure,

[28]. Children and adolescents are presumed to be particularly

hypertension and poor long-term cardiovascular health [33].

susceptible to the effects of caffeine [29]. Hallstrom et al

Arthur et al [34] reported that increasing intake of caffeine

[30] reported that post-menopausal women consuming self-

and/or caffeinated coffee may be associated with increased

reported caffeine > 300 mg a day from coffee may increase risk

risk of breast cancer among normal weight and premenopausal

of fracture, when calcium intake is also low. Kabagambe et al

women.

[31] reported that caffeine consumption of 303-454 or > 454

Carbonated beverage consumption may have adverse effects

mg a day was significantly associated with nonfatal myocardial

on bone mineral density (BMD). This behavior has been shown

infarction. James et al [32] examined the correlation between

to be related to low BMD and fractures in adolescent girls [35,36].

adolescent habitual caffeine consumption and hemodynamic

Caffeine is an ingredient in most colas and it has been identified

reactivity during rest, psychosocial stress, and recovery.

as a risk factor for osteoporosis [37,38]. Moreover, carbonated

Caffeine consumption levels were divided into 3 groups (low,

beverages, including colas contain excessive phosphoric acid,

9 mg/d; medium, 80 mg/d; high, 258 mg/d). The results

which has been observed to interfere with calcium absorption
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and contribute to imbalances that lead to additional loss of

0.70; p < 0.05) for the item “Caffeinated foods (coffee, Coke,

calcium [39]. In this study, total nutritional knowledge scores

and so on) prevent deep sleep.” For dietary behavior related

related to bone disease were lower in participants with high

to sleep disorders, the item “I avoid caffeinated foods before

caffeine intake (score 2.39) than in those with low intake

sleep” yielded higher scores among participants in the low

(score 2.75; p < 0.05). Moreover, the high caffeine intake group

intake group (score 3.76) than those in the high intake group

had lower nutritional knowledge (score 0.67) for the item

(score 3.25; p < 0.001). Although respondents with high intake

“Carbonated beverages are harmful to bone health” compared

consumed more caffeine daily than those with low intake, they

with the low intake group (score 0.84; p < 0.01).

showed significantly lower nutritional knowledge related to

More than a quarter of the human population now has
hypertension, paralleling a marked increase in the dietary

caffeine and deep sleep (p < 0.05) than their counterparts who
consumed less caffeine.

intake of salt during the past several decades. Some researchers

Among demographic characteristics, it was revealed that

have reported that high salt intake is linked to hypertension

gender and school grade year were associated with caffeine

and that reducing dietary intake of salt could help to reduce

intake. Male adolescents consumed 3.041 times more caffeine

the number of deaths from cardiovascular disease and stroke

than females (p < 0.001) and students in their first year of high

[40,41]. Furthermore, there is clinical research available on

school consumed 0.469 times less caffeine than those in their

the possible association between caffeine intake and risk

third year. Temple et al [23] demonstrated that boys were

of hypertension. Caffeine intake has been shown to acutely

more likely than girls to report getting a rush, more energy, or

increase blood pressure [42]. Some studies have shown that

improved athletic performance due to caffeine. These authors

caffeine can raise plasma levels of several stress hormones,

found that caffeine consumption was positively associated

such as norepinephrine, epinephrine, and cortisol, all of which

with energy intake, specifically from low-fat, high-sugar

may lead to increased blood pressure [43,44]. In a previous

foods, and was also positively associated with protein and fat

study in adolescents, increasing caffeine dose was associated

consumption. These data suggest that caffeine consumption has

with decreasing heart rate and increasing diastolic blood

a broad spectrum of effects in adolescents and that the degree

pressure [23]. The high caffeine intake group in this study had

of these effects is moderated by gender and chronic caffeine

lower scores (0.68) than their low intake counterparts (0.80)

intake. Grosso et al [18] observed that BMI was associated with

for nutritional knowledge related to salt and hypertension,

unhealthy dietary behavior (positive correlation with snacks,

based on the item “Dietary fiber and low-salt foods are

sweets, fried foods, and sweetened drinks; negative correlation

good for hypertension” (p < 0.05). Therefore, participants

with fruit and vegetables) and lifestyle pattern (such as

who consumed high levels of caffeine together with eating

frequent snacking, skipping breakfast, and infrequent physical

highly salted foods could have a much greater prevalence of

activity) among demographic characteristics; however, BMI

hypertension than participants with low caffeine intake. In

was not correlated with caffeine intake in that study.

particular, people with high blood pressure or heart arrhythmia
should limit their intake of caffeine [45].

The present study has several limitations that need to be
addressed. Firstly, this was a sample of students in Kyeonggi

Lee et al [46] reported that the correlations between sleep

Province. Therefore, it is not known whether these results are

quality and the quantity of caffeine intake were statistically

representative of the general Korean population. Secondly, as

significant. The result of multiple regression analysis showed

in all survey research there is the potential for recall bias, i.e.,

that sleep quality decreased significantly as the amount of

under- or overreporting consumption of caffeinated foods.

caffeine intake increased. Adolescent caffeine consumers

In this survey, the pattern of caffeinated food consumption

were divided into low dose (< 50 mg/d) and high dose (> 50

reflects an “average” day, regardless of whether a weekday or

mg/d) groups by Temple et al [23]. The results showed that

weekend day. Thirdly, all possible sources of caffeine (e.g., fruit

adolescent consumers of high caffeine levels reported using

juice, caffeinated flavored water) were not considered in this

caffeine to stay awake by drinking coffee, tea, soda, and energy

survey. However, a previous survey found that the contribution

drinks, which was more than consumers of less caffeine. The

of these sources to total daily caffeine intake is usually less

more caffeine that is consumed by young people, the less sleep

than 5%-10% [3]. Altogether, the daily mean caffeine intake

they get, which may eventually lead to other health problems

in the current sample should be interpreted with caution

[23,29]. Because of its ability to block central adenosine

as (a) this is not a nationally representative sample, (b)

receptors, caffeine increases alertness. When ingested in

caffeine consumption on an “average” day was assessed,

sufficient doses shortly before bedtime, it can reduce the

and (c) all possible sources of caffeine were not considered.

time spent sleeping [47,48]. In this study, sleep disorder-

Lastly, as the information on both nutritional knowledge and

related nutritional knowledge was better in the low caffeine

dietary behavior were self-reported, there is a possibility for

intake group (score 0.80) than the high intake group (score

respondents to answer questions in a manner that will be

S.Kim / Caffeine Intake and Health

viewed favorably by others (social acceptability bias); this
can bias the interpretation of trends as well as individual
differences.
Despite these limitations, the data clearly describe the daily
mean caffeine intake according to caffeinated food groups, and
allow for classification of adolescents according to low and
high caffeine intake. In the present study, we found differences
in nutritional knowledge and dietary behavior according
to caffeine intake level among high school students living
in the Yongin region of Korea. These findings suggest that
compared with people who have a lower intake of caffeine,
those with higher caffeine intake generally have lower levels
of health-related nutritional knowledge, including general
health information and information about bone disease,
cardiovascular disease, and sleep disorders. Participants with
lower caffeine consumption had healthier dietary behaviors
related to sleep and stomach disorders compared with their
counterparts who consumed more caffeine. Demographic
factors were also found to be independent determinants of
such outcomes, with male participants consuming about 3
times more caffeine than female respondents, and younger
high school students consuming about half the levels of
caffeine as older students.
Adolescence is the period when considerable change in
food behavior is most likely to occur, which can influence
adult morbidity and mortality [49]. These assumptions have
been confirmed by several studies of intervention programs
aimed at increasing nutritional knowledge among children and
adolescents, which have demonstrated an association between
increased knowledge and more healthy food consumption or
lifestyle habits [50,51]. Therefore, nutritional education should
be targeted toward children and adolescents in particular,
which could have a role in the prevention of many diet-related
diseases, including those related to caffeine consumption [16].
There is a need for further exploration of the role of factors
such as personality, physical activity, smoking, alcohol use,
and stress in modifying the effect of coffee consumption on
lifestyle diseases such as insomnia, gastrointestinal disorders,
hypertensive heart disease, and osteoporosis.
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