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Background: In various studies in adults, caffeine may increase wakefulness and relieve pain, but caffeine overdose 
can cause many adverse serious effects on health. Caffeine intake has recently been increasing in adolescents. In 
spite of importance of caffeine effects on Korean adolescents, there are lack of scientific and systematic studies. The 
purpose of our study was to identify the relationship between caffeine consumption and effects on adolescents.
Methods: We performed study on 234 middle school students at one middle school in Daegu using a self-report 
questionnaire. We divided students to quartiles according to amount of caffeine intake. We used Beck Depression 
Inventory (BDI) to evaluate the degree of depression and Beck Anxiety Inventory (BAI) to evaluate the degree of 
anxiety. We also used Insomnia Severity Scale (ISI) to evaluate the degree of insomnia and Global Assessment of 
Recent Stress (GARS) to evaluate the stress in students. We used logistic regression analysis to identify the relation-
ship between caffeine consumption and effects.
Results: Higher caffeine intake was associated with higher weight, height, lower academic achievement, and higher 
score in BDI, BAI, ISI, and GARS (P for trend <0.005). Higher caffeine intake quartile was associated with greater 
odds of having significant depression (BDI ≥10, P for trend=0.011), and insomnia (ISI ≥8, P for trend=0.015) after 
adjustment for factors that can affect the psychological status.
Conclusion: We found that caffeine intake is associated weight, height, academic achievement, and higher score in 
BDI, BAI, ISI, and GARS. Caffeine intake was positively associated with the severity of depression and the severity of 
insomnia among adolescents in Korean.
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INTRODUCTION

Moderate caffeine intake has an awakening effect improving alertness 

and reducing fatigue by stimulating the nervous system.1,2) It is report-

ed that caffeine consumption through easily accessible coffee, sodas 

and chocolates has been increasing.3) According to a report, there was 

a 13.3% of increase in the number of coffee house and 11.2% of in-

crease in the coffee sales in 2013, comparing to those of 2012 and the 

caffeine consumption is increasing not only in adults but also in ado-

lescents to reduce stress from entrance examination and sleeping 

time4) but the understanding about caffeine and risk of overdose 

lacks.5)

 When caffeine is absorbed, it reaches to the bloodstream in 20–45 

minutes6) and is rapidly excreted with the half-life of 4–6 hours.7) Previ-

ous studies in adults demonstrated that moderate caffeine intake has 

an analgesic effect and caffeinated coffee delays hepatic fibrosis and 

reduces the risk of death from liver cirrhosis and helps control blood 

sugar level in diabetes as well as reduces the risks of Alzheimer’s dis-

ease and Parkinson’s disease and certain types of cancers.8-12)

 Caffeine overdose causes adverse effects such as tachycardia, hyper-

tension, nausea, vomiting and gastritis.13,14) It is also known to be asso-

ciated with irritability, insomnia, depression, and anxiety as well as 

seizure and stroke in some cases.8-10,15) Especially, in adolescents, caf-

feine accelerates aggression, reduces sleeping hours, and increases the 

daytime sleepiness and administration of painkillers for headache.15,16) 

Furthermore, it has a harmful effect on growth because it causes the 

loss of calcium and potassium.17) Despite of the risks, several energy 

drinks contain caffeine levels ranging from 30 to 207 mg per can or 

bottle. Considering the fact that recommended daily intake of caffeine 

for children and adolescents is 2.5 mg/kg, it is reasonable to say that 

the risk is relatively higher in those populations.15,18) Adolescents who 

are short of knowledge about caffeine and controlling ability are more 

vulnerable to the adverse effects and addiction given the current situa-

tion where energy drinks and coffee are highly accessible due to a rap-

idly growing market and caffeine is widely used in favorite foods.19) In 

fact, Drug Abuse Warning Network reported that the number of emer-

gency department visits involving energy drinks doubled from 10,068 

visits in 2007 to 20,783 visits in 2011, patients aged 18 to 25 were most 

commonly involved in energy drink-related emergency department 

visits.20) Energy drinks containing more caffeine than coffee and cola 

can cause attention problems, headache, anxiety, insomnia, overex-

citement and hyperactivity and may even fatal when it is excessively 

taken or drunk with alcohol.20,21)

 Although studies on caffeine drinks and consumption patterns have 

been continuously conducted in Korea to date,22,23) researches on the 

physical and neuropsychological effects of caffeine in Korean adoles-

cents lack.17) Thus, this study aims to evaluate the relationship of caf-

feine intake with depression, anxiety, stress, and insomnia in Korean 

adolescents.

METHODS

1. Subject and Study Period
This study was conducted with the second and third year of middle 

school students from a middle school in Daegu between 23rd May 

2014 and 30th May 2014. Data was collected using a self-reported 

questionnaire from 243 students. Of them, 9 students who either with-

drew the consent or fail to complete psychological tests were excluded 

from this study, and a total of 234 students were included in the analy-

ses. Informed consent was obtained from all subjects. The study was 

approved by institutional review board of a regional hospital (KNUH-

2015-02-033-001).

2. Evaluation of Caffeine Intake
Caffeine intake during the last 1 month was measured. All caffeinated 

drinks on the market were investigated and drinks and foods such as 

highly caffeinated energy drink, coffee, green tea, cola and chocolates 

were classified. The product names and pictures were provided as a 

reference and intake was examined. The investigated amount of intake 

was converted into the intake per day.

3. Personal History
Personal history in the questionnaire included current height and 

weight and changes of height and weight over the last 1 year, current 

smoking habit and alcohol intake over the last 1 month, a diagnosis of 

depression and treatment by medical doctors, and the presence of 

other psychological or physical diseases were included. Academic 

achievement was graded by every 10% and was self-reported by the 

students.

4. Psychological Tests
Beck Depression Inventory (BDI) which was developed to evaluate the 

severity of depression24) was used for the assessment of depression in 

this study. In majority of Korean studies, the standard cut-off scores 

are as follows: 0–9 indicates minimal depression, 10–15 indicates mild 

depression, 16–23 indicates moderate depression, and 24–63 indicates 

severe depression.25) For the assessment of anxiety, Beck Anxiety In-

ventory (BAI) was used.26) In most of Korean studies, 22–26 is classified 

as anxiety that requires therapeutic intervention, 27–31 as severe anxi-

ety, and 32 and above as extremely anxiety.27) Insomnia was evaluated 

using Insomnia Severity Index (ISI). ISI, a measure of subjective sever-

ity of insomnia, developed by Bastien et al.28) and modified by Korean 

Sleep Research Society in 2002 was used. Fifteen and above was inter-

preted as clinical insomnia. The level of stress was evaluated using 

Global Assessment of Recent Stress (GARS) and a higher score indi-

cates a higher level of stress.29) In this study, the average GARS of the 

subjects, 13, was used as a criteria to compare the stress levels between 

the groups.

5. Statistical Analysis
Statistical analyses were conducted using IBM SPSS statistical software 
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ver. 21.0 (IBM Co., Armonk, NY, USA) and the results were expressed 

as mean±standard deviation or number (%). The subjects were divid-

ed into 4 groups according to caffeine intake. Pearson’s chi-square test 

for nominal variables and analysis of variance test and Scheffe’s test for 

continuous variables were used to compare the characteristics of each 

group. To evaluate the relationship of caffeine intake with depression, 

anxiety, the quality of sleep, and stress level, odds ratio (OR) and 95% 

confidence interval were calculated using logistic regression analysis. 

A P-value <0.05 was considered to indicate statistical significance.

RESULTS

1. General Characteristics of the Population
A total of 234 adolescents in the second and third year of a middle 

school included 114 male (48.7%) and 120 female (51.3%) students 

and their average age was 15.86±0.34 years old. The average height was 

165.43±7.89 cm and the mean change of the height over the last 1 year 

was 4.68±10.67 cm. The average weight was 55.50±12.30 kg and the 

mean change of the weight was 2.85±3.56 kg. Of them, 16 students 

were clinically diagnosed with depression (6.8%) by medical doctors, 

and 13 and 35 students were smokers (5.6%) and alcohol drinkers 

(15.0%), respectively. According to the self-reported academic 

achievement, 80 students (34.2%), 92 students (39.3%), and 60 stu-

dents (25.6%) reported to be in the top 30%, 31%–60%, and the top 

61%, respectively. Two students who missed to fill out their academic 

achievement were classified into ‘no response.’ The average caffeine 

intake per month and per day were 777.51±1,237.36 mg and 

25.92±41.25 mg, and 24 students (10.3%) reported that they drink 

more than a can of highly caffeinated energy drink per month (Table 1).

2. Characteristics of Each Group
The subjects were divided into 4 groups according to caffeine intake; 

Q1 includes ones who takes caffeine ≤4.00 mg/d (58 students); Q2 in-

cludes ones who takes caffeine 4.00–9.66 mg/d (59 students); Q3 in-

cludes ones who takes caffeine 9.68–27.36 mg/d (58 students); Q4 in-

cludes ones who takes caffeine ≥27.50 mg/d (59 students). There were 

no statistically significant differences in sex, history of depression, and 

smoking habit between the groups. The height (cm) was taller in a 

group with a higher intake of caffeine (Q1, 164.20±7.29 cm; Q2, 

164.80±7.28 cm; Q3, 165.28±6.98 cm; Q4, 167.41±9.54 cm; P=0.137, P 

for trend=0.028) and the weight (kg) was heavier in a group with a 

higher intake of caffeine (Q1, 53.80±8.34 kg; Q2, 53.09±11.83 kg; Q3, 

55.90±11.30 kg; Q4, 59.17±15.86 kg; P=0.033, P for trend=0.008) but 

there were no statistically significant difference in the changes of 

height and weight over the last 1 year between the groups. Alcohol in-

take was higher in a group with a higher intake of caffeine (Q1, 10.3%; 

Q2, 6.8%; Q3, 8.6%; Q4, 33.9%) with a statistical significance (P<0.001, 

P for trend <0.001). The students who reported to be in the top 61% of 

academic achievement (lower group) were 17.2% (Q1), 25.4% (Q2), 

28.1% (Q3), and 32.8% (Q4). The differences were statistically signifi-

cant and academic achievement was lower in a group with higher in-

take of caffeine (P for trend=0.005). The scores of BDI of the groups 

were 7.07±7.90 (Q1), 7.66±6.88 (Q2), 7.29±6.65 (Q3), and 12.51±10.05 

(Q4), which showed that BDI was higher in a group with higher intake 

of caffeine (P<0.001, P for trend=0.001). The scores of BAI of the groups 

were 5.52±6.28 (Q1), 6.81±6.76 (Q2), 6.98±7.19 (Q3), and 10.12±9.67 

(Q4), demonstrating that BAI is higher in a group with higher intake of 

caffeine (P=0.010, P for trend=0.002). The ISI scores of the groups were 

3.95±3.98 (Q1), 4.81±4.07 (Q2), 5.36±4.88 (Q3), and 6.90±5.27 (Q4) 

which showed that ISI is higher in a group with higher intake of caf-

feine (P=0.005, P for trend <0.001). The GARS of each group was 

11.66±10.11 (Q1), 11.73±9.60 (Q2), 12.41±10.03 (Q3), and 16.53±12.81 

(Q4) which also showed that GARS is higher in a group with higher in-

take of caffeine (P=0.043, P for trend=0.015) (Table 2).

3. The Relationship of Caffeine Intake with Depression, 
Anxiety, Insomnia, Stress

Logistic regression analysis was performed after adjusting sex, age, 

smoking habit, alcohol intake, history of depression, and academic 

achievement to evaluate the incidence of mild depression (BDI ≥10) 

according to caffeine intake. The OR of Q2, Q3, and Q4 to Q1 were 0.94, 

1.09, and 2.95 which showed an increasing tendency and it was statis-

tically significant (P for trend=0.011). The OR of Q2, Q3, and Q4 to Q1 

for the incidence of mild anxiety (BAI ≥22) were 1.84, 1.22, and 2.78 

which showed an increasing tendency but there was no statistical sig-

nificance (P for trend=0.327). The OR of Q2, Q3, and Q4 to Q1 for the 

incidence of borderline insomnia (ISI ≥8) were 1.00, 2.41, and 2.52, re-

spectively, and the increasing tendency was statistically significant (P 

Table 1. General characteristics of study population (n=234)

Characteristic Value

Age (y) 15.86±0.34
Sex
    Male 114 (48.7)
    Female 120 (51.3)
Height (cm) 165.43±7.89
Weight (kg) 55.50±12.30
Height change (cm) 4.68±10.67
Weight change (kg) 2.85±3.56
Clinically diagnosed depression 16 (6.8)
Current smoking 13 (5.6)
Alcohol drinking 35 (15.0)
Self-reported academic grades*
    ≤30% 80 (34.2)
    31%–60% 92 (39.3)
    ≥61% 60 (25.6)
Caffeine consumption
    Month (mg/mo) 777.51±1,237.36
    Day (mg/d) 25.92±41.25
Energy drink consumption† 24 (10.3)

Values are presented as mean±standard deviation or number (%).
*No-response: 2. †Energy drinks are beverages that contain caffeine, taurine, 
vitamins, herbal supplements, and sugar or sweeteners and are marketed to improve 
energy, weight loss, stamina, athletic performance, and concentration.7) In this study, 
it contains redbull, hot6, burn intense, monster, sol and so on.
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for trend=0.015). Due to the absence of the cutoff reference of GARS 

score, the average score of this study, 13, was used as the cutoff. The 

OR of Q2, Q3, and Q4 to Q1 for the stress were 0.98, 1.22, and 1.39 

which showed an increasing tendency but there was no statistical sig-

nificance (P for trend=0.358) (Table 3).

DISCUSSION

This study was conducted with a relatively large number of middle 

school students as a cross sectional study to evaluate the effects of caf-

feine intake on the psychological status of adolescents. The results 

showed that a group with a higher caffeine intake tends to have a high-

er alcohol consumption, lower academic achievement and a higher 

score of depression, anxiety, insomnia, and stress. When influential 

factors were adjusted, the severity of depression and anxiety increased 

with statistical significance.

 In this study, students who exceeded the recommended daily intake 

of caffeine were only 2%. This result is contrasted to a previous study 

reporting that Korean adolescents tend to take a high dose of caffeine 

to keep awake during examination periods.30) The reason for the dis-

crepancy is that the data of this study was not collected during an ex-

amination period failing to reflect the intensive caffeine intake during 

an examination period. Moreover, the average daily caffeine intake in 

this study (25.92 mg) was slightly less than the average daily caffeine 

Table 2. Characteristics of the subjects according to caffeine intake groups

Characteristic
Quartiles of caffeine intake (mg/d)

P-value* P for trend
Q1 (<4.00, n=58) Q2 (4.00–9.66, n=59) Q3 (9.68–27.36, n=58) Q4 (>27.50, n=59)

Age (y) 15.83±0.38 15.86±0.35 15.84±0.37 15.92±0.28 0.548 0.226
Sex 0.985 0.769
    Male 28 (48.3) 28 (28.7) 28 (28.3) 30 (28.7)
    Female 30 (51.7) 31 (52.5) 30 (51.7) 29 (49.2)
Height (cm) 164.20±7.29 164.80±7.28 165.28±6.98 167.41±9.54 0.137 0.028
Weight (kg) 53.80±8.34 53.09±11.83 55.90±11.30 59.17±15.86 0.033 0.008
Height change (cm) 6.06±20.52 3.66±3.07 4.22±3.90 4.78±3.96 0.655 0.605
Weight change (kg) 2.42±3.18 2.43±3.22 2.66±4.02 3.88±3.64 0.079 0.026
Depression history† 0.163‡ 0.067
    DT 0 (0.0) 2 (3.4) 0 (0.0) 2 (3.4)
    DNT 1 (1.7) 3 (5.1) 2 (3.4) 6 (10.2)
    ND 57 (98.3) 54 (91.5) 56 (96.6) 51 (86.4)
Current smoking 0.087‡ 0.801
    Yes 5 (8.6) 1 (1.7) 1 (1.7) 6 (10.2)
    No 53 (91.4) 58 (98.3) 57 (98.3) 53 (89.8)
Alcohol drinking 0.000 0.000
    Yes 6 (10.3) 4 (6.8) 5 (8.6) 20 (33.9)
    No 52 (89.7) 55 (93.2) 53 (91.4) 39 (66.1)
Self-reported academic grades§ 0.107 0.005
    ≤30% 26 (44.8) 22 (37.3) 21 (36.8) 11 (19.0)
    31–60% 22 (37.9) 22 (37.3) 20 (35.1) 28 (48.3)
    ≥61% 10 (17.2) 15 (25.4) 16 (28.1) 19 (32.8)
Beck Depression Inventory 7.07±7.90 7.66±6.88 7.29±6.65 12.51±10.05 0.000 0.001
Beck Anxiety Inventory 5.52±6.28 6.81±6.76 6.98±7.19 10.12±9.67 0.010 0.002
Insomnia Severity Index 3.95±3.98 4.81±4.07 5.36±4.88 6.90±5.27 0.005 0.000
Global Assessment of Recent Stress 11.66±10.11 11.73±9.60 12.41±10.03 16.53±12.81 0.043 0.015

Values are presented as mean±standard deviation or number (%).
*Analysis of variance or Pearson’s chi-square test. †DT: diagnosed and treated, DNT: diagnosed and not treated, ND: not diagnosed. ‡Fisher’s exact test. §Two non-responses 
were excluded (n=232).

Table 3. Relationship between caffeine intake and depression, anxiety, insomnia, and stress

OR (95% CI) by quartiles of caffeine intake (mg/d)
P for trend

Q1 (<4.00, n=58) Q2 (4.00–9.66, n=59) Q3 (9.68–27.36, n=58) Q4 (>27.50, n=59)

Beck Depression Inventory ≥10 (depression) 1.00 0.94 (0.40–2.19) 1.09 (0.47–2.50) 2.95 (1.29–6.76) 0.011
Beck Anxiety Inventory ≥22 (anxiety) 1.00 1.84 (0.29–11.67) 1.22 (0.16–9.63) 2.78 (0.46–16.78) 0.327
Insomnia Severity Index ≥8 (insomnia) 1.00 1.00 (0.36–2.75) 2.41 (0.96–6.08) 2.52 (0.98–6.53) 0.015
Global Assessment of Recent Stress ≥13 (stress) 1.00 0.98 (0.45–2.14) 1.22 (0.57–2.64) 1.39 (0.62–3.11) 0.358

Logistic regression analysis adjusted for sex, clinically diagnose depression, smoking, alcohol drinking, self-reported academic grades. Reference group: Q1. Q1 was 
compared with Q2, Q3, and Q4.
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intake of adolescents reported by Korea’s Ministry of Food and Drug 

safety in 2013 (30 mg).14) The reason for the difference is thought that 

high school students with a relatively high purchasing power were in-

cluded in the later report. Therefore, two studies are not comparable. 

Furthermore, the influence of study periods and study areas cannot be 

overlooked.

 In our study, the amount of caffeine intake had a significant correla-

tion with mild to severe depressive symptoms and borderline insom-

nia. This result is consistent with previous studies showing that caf-

feine intake influences sleep8-10,15,31) and causes daytime sleepiness af-

fecting academic achievement. In addition, persistent caffeine over-

dose can cause depression and lead to chronic depression as a with-

drawal symptom even if caffeine intake is stopped.17,19,31) This implies 

that caffeine intake should be warned considering the high suicide 

rate in Korea.

 Several studies have demonstrated the relationship between caf-

feine and anxiety.31) However, in this study, although the odds ratio 

showing the concurrence of mild to severe anxiety had an increasing, 

there was no statistical significance. The reason for this is that the 

study was conducted 2 weeks after the examination and anxiety might 

have been reduced at the point of the study period. Considering the 

fact that the half-life of caffeine is 4–6 hours, it is meaningless to mea-

sure anxiety after several days or weeks and chronic effects on cogni-

tive function and emotion is expected to be trivial, too. The odds ratio 

between stress and caffeine intake showed an increasing tendency but 

there was no statistical significance, which is contrast to previous study 

results. It is thought that the discrepancy is caused by the facts that the 

stress level was measured some time after the caffeine intake not dur-

ing the caffeine intake and other influential factors associated with 

stress were not considered in the analyses.

 There are several limitations that need to be addressed in this study. 

Firstly, this study was conducted 2 weeks after the examination and 

the fact that caffeine overdose in adolescents is characterized by inten-

sive overdose during a short period of time was not considered when 

the study was designed. Nevertheless, this limitation gave us an op-

portunity to examine usual habit and psychological status. Further 

studies on adverse effects of caffeine according to caffeine intake pat-

terns by comparing the usual caffeine intake patterns and caffeine in-

take patterns during a specific period as well as the effects of addiction 

and withdrawal should be conducted. Secondly, this study was limit-

edly conducted with the second and third year of middle school stu-

dents in a city. Therefore, selection bias cannot be excluded. The dif-

ferences of psychological status and life patterns between middle 

school students and other students (elementary and high school stu-

dents) were not considered. Moreover, students living in cities have a 

greater accessibility to caffeinated drinks than other areas. Thus, the 

results may differ depending on study locations. Thirdly, data was only 

collected by self-reported questionnaire. The height and weight were 

asked to the students instead of measuring them since the study was 

conducted in the school. Academic achievement and the diagnosis of 

depression were also not verified due to ethical issues. It is also possi-

ble that the students were not completely honest during the psycho-

logical tests. Lastly, the causality of the relationship cannot be identi-

fied since the study was conducted as a cross sectional study.

 Despite of the limitations, this study is significant because it is the 

first study that conducted with Korean middle school students to eval-

uate psychological effects of caffeine. Whereas the effects of caffeine 

are well investigated in other countries, data on Korean population 

lacks especially on adolescent population. In addition, this study 

showed that negative effects of caffeine are greater in adolescents 

comparing to adult population. The data can be used as evidence for 

health education. A large sample size (n=234) of healthy adolescents 

and direct investigation using detailed and specified questionnaire are 

also the strong points.

 Canned coffee, coffee mix, and carbonated drink that are highly ac-

cessible drinks contain a large amount of caffeine.14) Sufficient educa-

tion and warning on caffeine content and its effects is necessary and 

more studies on physical and psychological effects of caffeine with 

various ages and locations should be conducted.
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